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Tuesday 20th April 2021
Poster Session 1, April 20, 2021, 10:15 - 11:00
A Meta-analysis of Ecotoxicological Hazard Data for Nanoplastics in Marine and Freshwater
Systems
Yang T1, Nowack B1
1Empa St.gallen, St. Gallen, Switzerland
Poster Session 1, April 20, 2021, 10:15 - 11:00
There is an emerging concern about the potential health and environmental impacts of
nanoplastics in the environment. Despite the lack of information on the exposure side, there
is a growing number of ecotoxicological hazard data available which enable to conduct a
hazard assessment for nanoplastics in freshwater and marine systems. Based on a critical
evaluation of published studies and building probabilistic species sensitivity distributions
(PSSDs), our work presents a comprehensive understanding of the state of art of nanoplastic
ecotoxicity. Different freshwater and marine datasets were constructed based on different
data quality levels and for each of the datasets, PSSDs were built for both mass- and particle
number-based concentrations. Predicted no effect concentrations (PNECs) were then
extracted from the PSSDs. Hereby, we report PNECs at 99 μg·L-1 and 72 μg·L-1 respectively
for the freshwater and marine dataset after the removal of data measured in the presence
of sodium azide (NaN3), which is considered to be a major interfering factor in the
ecotoxicity testing of nanoplastics. By comparing the PNECs, we found that nanoplastics are
less toxic than microplastics and many engineered nanomaterials. Besides, the effects of
size and polymer type on the toxicity were also statistically tested. We observed that there
is no significant difference in ecotoxicity for nanoplastics of different size while polystyrene
nanoplastics were significantly more toxic than all other tested nanoplastics. In conclusion,
the results presented in this work provide a comprehensive description of nanoplastic
ecotoxicity based on the current knowledge. This work constitutes a fundamental step
towards an environmental risk assessment for nanoplastics in freshwater and marine
systems.
Keywords
Nanoplastics; Freshwater; species sensitivity distribution
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A new platform to evaluate the biocompatibility of nanobiomaterials on oral-gastrointestinal tract
Antonello G1, Marucco A2, Gazzano E2, Kainourgios P3, Bladi G4, Ravagli C4, Gasco P5, Sprio
S6, Monopoli M7, Charitidis C3, Bergamaschi E8, Riganti C9, Fenoglio I1
1Department

of Chemistry, University of Turin, Turin, Italy, 2Department of Life Sciences and
Systems Biology, University of Turin, Turin, Italy, 3Research Unit of Advanced, Composite,
Nano-materials and Nanotechnology, School of Chemical Engineering, National Technical
University of Athens, Athens, Greece, 4Colorobbia Consulting srl, Sovigliana (FI), Italy,
5Nanovector Srl, Turin, Italy, 6National Research Council - Institute of Science and Technology
for Ceramics ISTEC-CNR, Faenza (RA), Italy, 7Department of Chemistry, Royal College of
Surgeons in Ireland (RCSI), Dublin, Ireland, 8Department of Public Health and Pediatrics,
Turin, Italy, 9Department of Oncology, University of Turin, Turin, Italy
Poster Session 1, April 20, 2021, 10:15 - 11:00

Introduction: Use of nanobiomaterials (NBMs) in medical devices or as advanced
therapies agents is a growing field. However few studies are available on the oral
administration because of the complexity of the digestive apparatus that can dramatically
modify the NBMs, affecting their interaction with cells.
Results: The biocompatibility of a series of NBMs treated by a simulated human digestive
system (SHDS) was tested on intestinal epithelial Caco-2 cells, differentiated as gastrointestinal barrier, and of primary colonocytes. NBMs with different chemical nature have
been considered, i.e.: carbon nanoparticles (CNPs), hydroxyapatite nanoparticles
(HANPs), lipid based nanoparticles (LNPs), and Fe3O4-polyethylenglycole-poly(lactic-coglycolic acid) nanoparticles (Fe3O4NPs). All NBMs tested, except for CNPs, resulted
partially degraded. All NBMs appeared coated by a biocorona and aggregated in the
intestinal fluid affecting time- and dose-dependent toxicity. NBMs were not toxic up to
100µg/ml, 75µg/ml, 20µg/ml and 5µg/ml respectively for CNPs, HANPs, LNPs and
Fe3O4NPs, while none NBMs altered the gastro-intestinal permeability.
Conclusions: The SHDS appeared to be a suitable tool to monitor the changes of the
NBMs’ physico- chemical properties and their effects toward intestinal cells. Its
association with in vitro tests will enable the screening of NBMs suitable for oral
administration, including appropriate surface modification improving NBMs bioavailability
and safety.
Summary:
- Digestive process and biocorona phenomenon alter the orally administered
NBMs properties and their cytotoxic effects on gastrointestinal barrier;
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-

CNPs resulted more stable, poorly cytotoxic and without significant
effects on barrier permeability, emerging as the most suitable NBMs
for oral administration;
- The choice of the right NBM for oral administration is critical to
ensure integrity and biocompatibility.;
- The system proposed in this work, i.e. the SHDS coupled with in vitro tests,
may represent a tool to screen NBMs suitability for oral administration.
Supported by the European Commission through the H2020 project BIORIMA
(grant agreement n.760928).

Keywords
Nanobiomaterials, Simulated Human Digestive System
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Acute inhalation toxicity studies: How close are we to human-relevant models?
Movia D1, Prina-Mello A1,2
1Laboratory

for Biological Characterisation of Advanced Materials (LBCAM), Trinity
Translational Medicine Institute, Trinity College Dublin, Dublin, Ireland, 2AMBER Centre,
CRANN Institute, Trinity College Dublin, Dublin, Ireland
Poster Session 1, April 20, 2021, 10:15 - 11:00
Introduction When assessing nanomaterial hazard, the first step is determining acute
toxicity, including toxicity following inhalation. Inhalation is a major exposure route for
humans, and the respiratory epithelium is the first tissue that inhaled nanomaterials
directly interact with. Acute inhalation toxicity testing for regulatory purposes is currently
performed only in rats and/or mice according to OECD TG403, TG436, and TG433 test
guidelines. Such tests are biased by the differences in the respiratory tract architecture
and function across species. Research efforts have been therefore focused on developing
alternative, human-relevant in vitro models1.
Results To date, there is no in vitro model that has been accepted by regulatory agencies
as a stand-alone replacement for inhalation toxicity testing in animals. In our study2, we
describe four steps that should allow overcoming the current challenges in validating in
vitro alternatives for the successful replacement of animal- based inhalation toxicity
testing of nanomaterials. We also provide a checklist of key parameters that, if reported
in future scientific publications, would increase reproducibility and transparency of
toxicity assays based on in house-produced 3D lung models.
Conclusions We strongly advocate for enforcing standardization within the
development of in vitro models for inhalation toxicity testing of nanomaterials, and the
implementation of our checklist within the ToxTemp framework. This will enable
reproducibility and repeatability in this field, allowing for regulatory uptake of
alternative methods in nanomaterial testing.
Summary Although in some cases in vitro alternative tests are at an advanced stage of
development, to date all in vitro alternative models for inhalation toxicity studies still fall
into the category of “non-guideline methods.” We highlight four major actions that should
be undertaken to increase the uptake of in vitro alternative methods in acute inhalation
testing of nanomaterials.

This study has been funded, in parts, by the Center for Alternatives to Animal Testing
Award (CAAT Project #2018-17). Also, the research leading to these results has received
funding from the European Union’s HORIZON 2020 Framework Programme under Grant
Agreements No. 760928 and 761104.

1

Movia D et al. (2020), Animals 10:8. DOI: 10.3390/ani10081259.
Movia D et al. (2020), Front. Bioeng. Biotechnol. 8:549. DOI: 10.3389/fbioe.2020.00549
Keywords
Inhalation, Lung epithelium, Air-Liquid interface
2
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Adequacy of the standardised in vitro mammalian cell Micronucleus (MN) test for
nanomaterials genotoxicity testing
Fernández Bertólez N1,2, Rodríguez-Fernández R1,2, Lema-Arranz C1,2, Pásaro E1,2, Brandao
F3,4,5, Teixeira J3,4, Costa C3,4, Valdiglesias V2,6, Laffon B1,2
1Universidade da Coruña, Grupo DICOMOSA, Centro de Investigaciones Científicas
Avanzadas (CICA), Departamento de Psicología, Facultad de Ciencias de la Educación,
Campus Elviña s/n, 15071, A Coruña , Spain, 2Instituto de Investigación Biomédica de A
Coruña (INIBIC), AE CICA-INIBIC. Oza, 15071, A Coruña , Spain, 3EPIUnit - Instituto de Saúde
Pública, Universidade do Porto, Rua das Taipas, nº 135, 4050-600, Porto, Portugal,
4Environmental Health Department, Portuguese National Institute of Health, Rua Alexandre
Herculano 321, 4000-055, Porto, Portugal, 5Institute of Biomedical Sciences Abel Salazar
(ICBAS), University of Porto, Rua de Jorge Viterbo Ferreira 228, 4050-313, Porto, Portugal,
6Universidade da Coruña, Grupo DICOMOSA, Centro de Investigaciones Científicas
Avanzadas (CICA), Departamento de Biología, Facultad de Ciencias, Campus A Zapateira
s/n, 15071, A Coruña , Spain
Poster Session 1, April 20, 2021, 10:15 - 11:00
Introduction
Common toxicity tests might not be fully adequate for evaluating nanomaterials since their
unique features are also responsible for unexpected interactions with assay components or
detection systems. The in vitro cytokinesis-block micronucleus (CBMN) test is recommended
by OECD for genotoxicity testing. Nevertheless, cytochalasin-B (Cyt-B) used to inhibit
cytokinesis may affect nanoparticle (NP) uptake, leading to inaccurate results. This study
evaluated whether the presence of Cyt-B influences cellular uptake and MN production by
TiO2 NPs in SHSY-5Y cells. Following OECD recommendations, two options to prevent
interference were applied: (1) post-treatment (application of NPs for 3-24h, removal of the
NPs and addition of Cyt-B), and (2) delayed co-treatment (application of NPs for 3–24h,
addition of Cyt-B 3-6 h later, and further incubation for 24h). These options were compared
to the traditional co-treatment.
Results
TiO2 NP were significantly internalized by the cells after 3-24h treatments, but no differences
were observed between the presence or the absence of Cyt-B. CBMN test showed progressive
increases in the MN frequencies after 6 or 24h treatments in the three treatment options;
however, no differences were obtained in the comparisons between treatment options.
Conclusions
Despite previous studies highlighted the possible interference of Cyt-B on NP cellular uptake
and, consequently, on MN detection by CBMN test, current data do not support that
hypothesis. Additional experiments are necessary to define the most suitable protocol of
CBMN for testing genotoxicity of nanomaterials.
Summary
SH-SY5Y cells were treated with TiO2 NP to evaluate the influence of Cyt-B on cellular uptake
and MN induction. Results do not show differences between the presence or absence of CytB on the uptake, or between the treatment options on MN induction.
Acknowledgments
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Xunta de Galicia [ED431B 2019/02], Ministerio de Educación, Cultura y Deporte
[BEAGAL18/00142 V.V.], Deputación Provincial de A Coruña [N.F.-B.], CA17140 NANO2CLINIC
COST Action.
Keywords
Nanomaterials, Uptake, Genotoxicity, Micronucleus assay
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An in vitro assessment of the toxicity of two-dimensional synthetic and natural silicate
Nanomaterials.
Maciaszek K1, Brown D1, Stone V1
1Heriot-watt University, Edinburgh, United Kingdom
Poster Session 1, April 20, 2021, 10:15 - 11:00
Layered silicate nanomaterials (NMs) are a diverse group of clay minerals that have
attracted great interest in various branches of industry. However, despite growing demand
for this class of NMs, their impact on human health has not been fully investigated.
The aim of this study was to evaluate and compare the potential toxic effects of a wide
range of commercially available synthetic and natural layered silicate NMs, of varying
physicochemical properties (lithium (Li) or fluoride (F), content and size). Mouse BALB/c
monocyte macrophage (J774A.1) and human peripheral blood mononuclear cells (PBMC)
were chosen as in vitro models of alveolar macrophages.
Montmorillonite, hectorite, Medium (med) F/High Li and Low F/ Med Li particles, were
cytotoxic to cells and induced potent pro-inflammatory responses. The remaining particles
(No F/Very Low Li, No F/Med Li, No F/Low Li, High F/Med Li and High F/Med Li washed)
were non- to relatively low- cytotoxic and inflammogenic, in both type of cells. In an
acellular condition none of the tested samples increased reactive oxygen species (ROS),
while ROS generation was observed following exposure to sublethal concentrations of Med
F/High Li, Low F/Med Li, montmorillonite and hectorite samples, in J774A.1 cells.
Based on the results obtained in this study the toxic potency of tested samples was not
associated with lithium or fluoride content, but appeared to be dependent on particle size,
with the platelets of larger dimension and lower surface area being more potent than the
smaller platelet particles with higher surface area. In addition, the increased bioactivity of
Med F/High Li and Low F/Med Li was associated with endotoxin contamination. Obtained
results demonstrated that layered silicate NMs have different toxicological profiles and
suggest that toxicological properties of a specific layered silicate NM should be investigated
on an individual basis.
Keywords
Nanoclays, toxicity, hazard, 2D materials
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Decision Support Systems for cost-efficient preclinical assessment of Innovative and Safer
nano-Biomaterials Used in the Medical Sector
Pizzol L1, Basei G1, Chiarot G1, Carisi M1, Zabeo A1, Hristozov D1
1GreenDecision srl, Venezia, Italy
Poster Session 1, April 20, 2021, 10:15 - 11:00

Introduction
The application of nano/biomaterials (NBMs) in medicine has led to novel pharmaceuticals
and medical devices that have demonstrated a strong potential for increasing the efficacy and
safety of therapies, artificial implants and diagnostic procedures to address a wide range of
diseases. However, the successful translation of these technologies from their inception
(proof-of-concept) to clinical practice has been challenged by substantial gaps in the scientific
and technical capacity of R&D companies, especially SMEs, to address the ever-evolving
regulatory requirements in the emerging area of nanomedicine. To address these challenges,
the EU Horizon 2020 projects REFINE and SAFE-N-MEDTECH have developed Decision Support
Systems (DSS) to support the nanomedical industry in bringing their products faster to the
market.
Results
The REFINE DSS has been developed to support experts, innovators and regulators in the
implementation of Intelligent Testing Strategies (ITS) for cost-efficient preclinical assessment
of nano(bio)materials used in medical devices and medicinal products. The ITS consist of
testing methods and modelling approaches for the characterisation of the physicochemical
properties, and the assessment of the biodistribution and the toxicological effects of these
materials. The data on safety generated by means of the ITS will be essential for addressing
the regulatory requirements for benefit-risk assessment of the nano-enabled medical
technologies.
The SAFE-N-MEDTECH DSS has been developed to support industries in making go/no go
decisions concerned with investing into further technological development or
stopping/revising the innovation process if the technical or commercial probability of success
are compromised, or if the safety risks are considered unacceptable. To this end, the DSS
implements two specific functionalities: the first is a simplified Health Technology Assessment
and the second is the optimal ITS to cost-efficiently generate the data needed for assessing
the safety of the medical technologies at each stage of the innovation process in order to
successfully bring them to the market.
Conclusion
The two tools can be applied synergistically to inform go/no go business decisions at different
stages of the product development based on considerations about safety, efficacy, quality,
costs and socioeconomic criteria. Their implementation has the potential to substantially
optimise R&D costs, while reducing the time of novel medical technologies to reach the
market.
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Acknowledgements: This work has received funding from the European Union’s Horizon 2020
Research and Innovation Programme under Grant Agreement No 761104 (REFINE Regulatory Science Framework for Nano(bio)material-based Medical Products and Devices)
and under grant agreement No 814607 SAFE-N-MEDTECH Safety Testing In The Life Cycle Of
Nanotechnology-enabled Medical Technologies for Health.

Keywords
DSS, Intelligent-Testing-Strategies,
Devices

Simplified-Health-Technology-Assessment,

Medical
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Hazard potential of nanocellulose to human health: quantitative insights from the literature
Stoudmann N1, Schmutz M1, Hirsch C1, Nowack B1, Som C1
1Empa, St. Gallen, Switzerland
Poster Session 1, April 20, 2021, 10:15 - 11:00
Introduction
Nanocellulose is drawing attention due to its appealing properties. However, its fast-paced
development has meant that in-depth studies of its human health impacts lag behind.
Although a number of studies looking at human hazards of nanocellulose have been
conducted, getting a clear picture of their overall results and conclusions is challenging, and
uncertainties are still present. Our aim was to clarify the current state of knowledge
regarding the hazard potential of nanocellulose to human health. To do so, we
quantitatively assessed what has been done in the literature in terms endpoints, material
characteristics, and testing models by systematically gathering data from various toxicity
endpoints, cell lines, concentration ranges and sizes of tested nanocellulose materials.
Results
The quality of studies is often an issue and significant uncertainties remain, particularly
regarding in vivo testing. Inhalation as an exposure route shows particular cause for concern.
While greater in number, results of in vitro studies are often conflicting. The most pressing
research gaps needing to be addressed are identified in order to ensure the safe development
and use of nanocellulose. These include more rigorous physicochemical characterizations,
realistic exposure dose, chronic, repeated exposure studies, studies looking at its
biopersistence, and inflammation as a mechanism of immune defence.
Conclusions
Nanocellulose shows promise as a biobased material with unique properties. However,
rigorous risk assessments need to be conducted to ensure its safe development. Our review
shows that although nanocellulose overall does not show great cause for concern,
knowledge gaps do need to be filled before firm conclusions about the safety of the material
can be made.
Summary
- Few studies on the hazard potential of nanocellulose have been conducted
- Pulmonary exposure to nanocellulose and its biopersistence in the lungs remain key
concerns
- Low-dose, long term studies are needed to fill key remaining knowledge gaps
Keywords
nanocellulose, human hazard, quantitative assessment
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In vitro dosimetry: Controlling the exposure identity by cascaded pretreatments and
predicting the dose deposition rate by modelling
Llwewllyn S4, Keller J1, Kaempfer A5, Quevedo D1,2, Zanoni I3, Buettner V5, Ag Seleci D1, Costa
A3, Landsiedel R1, Schins R5, Doak S4, Wohlleben W1
1BASF, Ludwigshafen, Germany, 2Department of Biomedical Engineering, University of
Michigan, Ann Arbor, USA, 3CNR-ISTEC-National Research Council of Italy, Institute of Science
and Technology for Ceramics, Faenza, Italy, 4In vitro Toxicology Group, Institute of Life
Science, Swansea University Medical School, , UK, 5IUF - Leibniz Research Institute for
Environmental Medicine, Duesseldorf, Germany
Poster Session 1, April 20, 2021, 10:15 - 11:00
Introduction
Would an engineered nanomaterial (ENM) still have the same identity once it reaches
a secondary target tissue after a journey through several physiological compartments? ENM
pre-treatments may enhance the physiological relevance of in vitro testing via controlled
transformation of the ENM identity. And at which rate will the nominal dose be deposited
onto cells during in vitro testing? Modeling is possible, but depends on numerous
assumptions.
Results
We demonstrate the implications of material transformation upon reactivity, cytotoxicity,
inflammatory and genotoxic potential on advanced gastrointestinal tract cell cultures and 3D
liver spheroids. We also assess the sensitivity of the distorted grid (DG) code towards sample
preparation, variations in user-defined parameters, input parameters on particle-cell affinity
and polydisperse colloidal properties by several alternative methods. We challenge the
sensitivity of dosimetry approaches by materials of varying composition, surface
functionalization, and size (TiO2, CeO2, BaSO4, 2x Ag, 3x SiO2). We found that the average
effective density is robust, but the dose predictions by different approaches varied typically
2-fold, and up to 10-fold; this uncertainty translates directly into uncertainty of no-effectconcentrations. Uncertainty is also high for very well dispersed nanomaterials, since then the
assumed affinity of particles to cells has decisive influence.
Conclusion
The systematic 2-fold uncertainty of deposited doses must be considered when comparing
the in vitro no-effect-concentrations of different ENM. Pretreatments increase realism of the
exposure identity but again reduce robustness. Standardised pre-treatments for pulmonary
and oral uptake were reproduced in three independent labs. Our physiologically relevant
tiered strategy recommends pre-treatments not in general, but for ENM susceptible to
irreversible transformation, such as metal ENM.
Small 2020 DOI: 10.1002/smll.202004630
Nanotoxicology 2020 DOI: 10.1080/17435390.2020.1836281
This research has received funding from the European Union’s Horizon 2020 research and
innovation program for the PATROLS project, under grant agreement No.760813.
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Keywords
Aging, Oxidation, Dosimetry, Genotoxicity,
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In vitro macrophage systems for nanomaterial exposure study and persistence of the
effects: Towards a better assessment of occupational exposure
Torres A1,2,4, Dalzon B3, Collin-Faure V2, Carrière M8, Diemer H6, Fenel D7, Schoehn G7,
Cianférani S6, Rabilloud T3, Sergent J5
1CEA/IRIG/DIESE/LCBM/ProMD, Grenoble, France, 2Solvay/Etoile Part-Dieu/GBU silica, Lyon,
France, 3IRIG/LCBM, UMR CNRS 5249, Grenoble, France, 4Université Grenoble Alpes,
Grenoble, France, 5Solvay SA/Toxicological and Environmental Risk Assessment unit,
Brussels, Belgium, 6CNRS UMR 7178, Strasbourg, France, 7Institute for structural biology,
Grenoble, France, 8CNRS UMR 5819, Grenoble, France
Poster Session 1, April 20, 2021, 10:15 - 11:00
Introduction
Synthetic Amorphous Silica (SAS) nanomaterials are largely used in various
applications such as food additive, cosmetics or tires, and therefore the
question related to short- and long-term exposure for both consumers and
workers appears relevant. For comparison, the crystalline silica form, found in
sand and granite, is well known to be the etiological agent of silicosis and lung
cancers by inducing a strong and irreversible pro-inflammatory response.
Crystalline silica and SAS are only distinguished by their Si/O2 organization. In
this context, the effects of SAS, i.e. a pyrogenic silica form, and the persistence
of these effects have been investigated (Torres et al., 2020, DOI:
10.3390/nano10101939).
Results
Our in vitro systems of mouse macrophage cell line enables us to report a
significant persistence of exposure to pyrogenic SAS, even after 72h recovery
period. Proteomics showed significant changes in several protein abundances
(involved in cell adhesion, actin cytoskeleton, carbon metabolism or
mitochondrion). The intrinsic proinflammatory response (TNF and IL-6) was still
increased after the 72h recovery period, compared to the control. The
phagocytic and mitochondrial activities and the lysosomal integrity were not
altered in the recovery scenario while the abundance of some proteins involved
in these pathways were increased in our proteomic study.
Conclusions
Our recovery scenario allows testing the persistence of SAS-associated toxicity
by investigating the general cell functions (e.g. mitochondrial potential, cell
adhesion and carbon metabolism) and specialized functions of the
macrophages (e.g. phagocytosis and inflammatory responses). The changes
observed in our proteomic study are the results of the adaptation of cells to
pyrogenic SAS exposure, and part of these changes are observable via targeted
experiments. Furthermore, this macrophage in vitro system can summarize
some of the events observed on in vivo mouse models, as also exemplified with
silver nanowires (Toybou et al., 2019, DOI: 10.1039/c8en00890f).
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Keywords
SAS, effect persistance, macrophages

14 | P a g e

Inhibition of human thyroid hormone converting Deiodinase 1 by gold nanoparticles
Birk B1, Birk B1, Mueller C1, van Ravenzwaay B1, Landsiedel R1
1BASF SE, Ludwigshafen, Germany
Poster Session 1, April 20, 2021, 10:15 - 11:00
Deiodinases 1 (DIO1), is a seleno-cysteine-containing enzyme which activates and deactivates
thyroid hormones via deiodination. The inhibition of this enzyme can lead to disrupting
effects on the hypothalamic-pituitary-thyroid (HPT) axis which is an important regulator for
growth and development as well as energy homeostasis.
Several inhibitors of DIO have been described, including some gold-containing
pharmaceuticals. The aim of the study was to test the effect of differently sized gold
nanoparticles (AuNPs) on DIO1 and to compare the results to those obtained with gold ioncontaining complexes (non-nanoparticles). At the same time the applicability of the
Deiodinase 1-Sandell-Kolthoff (DIO1-SK) assay for testing of nanoparticles was examined.
The DIO1-SK assay uses human liver microsomes as a source for the Deiodinase 1 (DIO1) to
detect substance-induced inhibition of iodide release from iodothyronine. The SandellKolthoff reaction is used to quantify the released iodide by colorimetry.
The two larger AuNPs with primary particle size diameters of 100 and 30 nm did not decrease
DIO1 activity. The 5 nm AuNPs inhibited DIO1 with a sigmoidal dose-response and IC50 of 9.4
x 1011 particles/mL. Likewise, DIO1 was inhibited by inorganic gold(I/III) ions and several
organic complexes thereof.
We have shown that the DIO1-SK assay is applicable AuNPs; other NP need to be tested to
establish the general applicability of the assay to nanoparticles. Further studies should
elucidate whether the inhibitory effect of 5 nm AuNPs is mediated by dissolved Au-ions or the
particles itself.
Keywords
deiodinase, gold nanoparticles, Sandell-Kolthoff reaction
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Integrated Approaches to Testing and Assessment of Nanomaterials for dermal toxicity
endpoints
Janer G1, Dekkers S2, di Cristo L3, Sabella S3, Giusti A4, Keller J5, Wohlleben W5, Murphy F6,
Braakhuis H2, Ma-Hock L5, Johnston H6, Oomen A2, Haase A4, Stone V6
1Leitat Technological Center, Barcelona, Spain, 2RIVM, , The Netherlands, 3ITT, , Italy, 4BfR, ,
Germany, 5BASF, , Germany, 6HWU, , United Kingdom
Poster Session 1, April 20, 2021, 10:15 - 11:00

Introduction: Scientifically justified hypotheses are needed to identify nanoform descriptors
relevant to specific hazard endpoints, so that relevant data can be collected to support
grouping of nanoforms. The GRACIOUS Framework supports in the design of the grouping
hypotheses and includes several pre-defined hypotheses, each accompanied by a tailored
Integrated Approach to Testing and Assessment (IATA).
Results: With respect to grouping and read-across for dermal toxicity endpoints, four
grouping hypotheses have been proposed based on: 1) dissolution prior to reaching viable
layers of the skin, thus allowing read-across to other nanoforms or non-nanoforms of the
same substance; 2) dissolution or degradation into products classified for dermal irritation or
sensitization, allowing read-across for these hazard endpoints; 3) no biopersistence in
lysosomal fluids, which allows waiving concerns on systemic accumulation and potential longterm toxicity; 4) limited dermal penetration, with possibility to use a worst-case dermal
penetration value or to read-across to another nanoform based on similarity in size and
surface properties.
Dissolution in fluids relevant to dermal exposure is a key parameter to substantiate
hypotheses 1 and 2, but has been largely unexplored for nanoforms. We investigated the
possibility to predict dissolution of nanoforms in artificial sweat, as a typically relevant fluid
for the dermal exposure scenario, based on dissolution data generated in lysosomal and lung
lining simulant fluids. The results showed that presence of amino acids in sweat simulants can
complex dissolved ions and markedly increase dissolution of metal oxide nanoforms. These
data together with a systematic review on dermal penetration were considered when building
the IATAs tailored to the grouping hypotheses guiding relevant information gathering and
experimental testing to support the grouping decision.
Conclusion: These IATAs facilitate read-across for dermal toxicity endpoints, enabling
practical and more efficient risk analysis while reducing the burden of testing.
Acknowledgement – GRACIOUS is funded by the European Commission, Grant Agreement
760840.

Keywords
dermal, irritation, sensitization, absorption, biopersistence
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Large surface chemistry-dependent differences in acute pulmonary transcriptomic
responses to two different graphene-based materials
Poulsen S1, Bengtson S1,2, Williams A3, Jacobsen N1, Troelsen J2, Halappanavar S3, Vogel U1,4
1The National Research Centre for the Working Environment, Copenhagen Ø, Denmark,
2Department of Science and Environment, Roskilde University, Roskilde, Denmark,
3Environmental and Radiation Health Sciences Directorate, Health Canada, Ottawa, Canada,
4Department of Health Technology, Technical University of Denmark, Kgs. Lyngby, Denmark
Poster Session 1, April 20, 2021, 10:15 - 11:00
Introduction
Hazard evaluation of graphene-based materials (GBM) is still in the early stage and it has
been complicated by their large diversity in the physicochemical properties. In this study, we
investigated mouse lung transcriptomic differences after intratracheal exposure to
graphene oxide (GO) or reduced graphene oxide (rGO). The two GBM have similar physical
properties but differ in their surface chemistry.
Female C57BL/6 mice were exposed to 0, 18, 54 or 162 μg/mouse of GO or rGO. Acute
pulmonary transcriptomic changes were profiled one day after exposure to identify
commonly and uniquely perturbed functions and pathways by GO and rGO. These changes
were then related to previously analyzed apical toxicity endpoints.
Results
GO exposure induced more differentially expressed genes, affected more biological
functions, and perturbed more pathways compared to rGO. The largest differences were
observed for the innate immune response, acute phase response and cholesterol
metabolism, which were strongly induced after GO exposure. These changes collectively
indicate a potential for atherosclerotic changes after GO, but not rGO exposure. As GO and
rGO are physically similar, the higher level of hydroxyl groups on the surface of GO is likely
the main contributor for the observed differences. GO exposure also uniquely induced
changes in the transcriptome related to fibrosis, whereas both GBM induced similar changes
related to ROS production and genotoxicity.
Conclusions
The differences in transcriptomic responses between the two GBM types can be used to
understand how physicochemical properties influence biological response and enable
hazard evaluation of GBM and hazard ranking of GO and rGO, both in relation to each other
and to other nanomaterials.
Summary
GO exposure induced a larger transcriptomic response compared to rGO exposure. Largest
differences were observed for inflammation, the acute phase response and cholesterol
metabolism. Surface hydroxyl group levels on GO may be responsible of the observed
differences.
Keywords
In vivo, Toxicogenomics, Inflammation, Acute-phase-response
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Long-term effects of silver nanoparticles after repeated treatments of the bronchial
epithelium using a newly developed 3D model of Calu-3 cells cultured at the air-liquid
interface
Boland S1, McCord C1, Brookes O1, Sanchez-Guzman D1, Devineau S1, Baeza-Squiban A1
1Université de Paris, BFA, UMR 8251, CNRS, F-75013013 Paris, France, Paris, France
Poster Session 1, April 20, 2021, 10:15 - 11:00
Evaluation of the toxicity of nanoparticles (NP) using in vitro models is generally done after
acute exposure due to the lack of cell line models suitable for long-term exposures. Studying
toxic effects after repeated exposures is especially important to evaluate the chronic toxicity
of nanobiomaterials used in medical devices, such as silver NPs (AgNPs). We recently
developed a 3D model of the human bronchial epithelium using the Calu-3 cell line cultured
at the air-liquid interface, which we used to evaluate the chronic effects of model AgNPs.
We performed repeated treatments of confluent 3D Calu-3 cultures with AgNPs NM300K
every 48 or 72 hours over 11 days. AgNPs showed little aggregation and were not prone to
dissolution in culture medium. We combined a set of noninvasive methods to evaluate
cellular responses during the exposure. Evaluation of cell viability by the metabolic activity
test Alamar Blue or membrane integrity by LDH release assays showed no cytotoxicity of
AgNPs at the concentrations tested. We studied the barrier integrity by measuring the transepithelial electrical resistance (TEER) and permeability to Lucifer Yellow, observing no
alteration of barrier tightness. However, AgNPs induced the release of the pro-inflammatory
cytokines IL-6 and IL-8 as measured by ELISA. Furthermore, ELLA revealed reduced
glycoprotein release during exposure to AgNPs, indicating a reduction of bronchial lining fluid
production. In addition, gene expression analysis by RT-qPCR at the end of the whole
exposure revealed increased expression of anti-oxidant enzymes.
In conclusion, we set up a treatment strategy and validated protocols to evaluate the chronic
toxicity of NP and showed that AgNPs induce a pro-inflammatory response, an induction of
an anti-oxidant defense and a reduction of bronchial-lining fluid production at non-cytotoxic
concentrations.
"This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 760928.”
Keywords
long-term chronic exposure
silver nanobiomaterials
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Meta-analysis as tool for quantitative nanomaterial hazard and test system evaluation
Hahn D1, Ossig R1, Schmidt R2, Bormann E2, Schnekenburger J1
1Westfälische Wilhelms-Universität, Biomedical Technology Center, Muenster, Germany,
2Westfälische Wilhelms-Universität, Institute of Biometry and Clinical Research, Muenster,
Germany
Poster Session 1, April 20, 2021, 10:15 - 11:00
Introduction
Meta-analysis is a statistical synthesis of results from a series of studies. For the statistical
analysis, a systematic review and synthesis of data from the various sources is required. We
have used this tool to bring an overall evidence in the available studies of nanomaterial
genotoxicity. Meta-analysis in general is a powerful tool for the evaluation of the often
inhomogeneous and even contradictory available data and studies.
Results and Conclusions
We have defined criteria for the use of published data based on the demands of
bioinformatics data analysis. From all studies fulfilling these criteria, we extracted the
quantitative data by image analysis software and sorted the resulting absolute values
including errors in a data sheet for analysis. Different classifications for e.g. size or
concentrations were converted. Furthermore, we sorted and categorized the obtained values
for either a more simplified evaluation or a better statistical analysis. We could extract 4004
data points from 264 studies for in vitro genotoxicity testing and 1832 data points from 107
studies for in vivo genotoxicity testing of nanomaterials. Our study created a large set of
homogeneous data, which could identify and rank combinations of assays and test conditions
that can be recommended for nanomaterials genotoxicity testing. Also, different
nanomaterials and nanomaterial properties can be statistically evaluated for the reported
toxic effects.
Summary
- Meta-analysis is a highly suitable tool for the quantitative analysis of available
nanomaterial toxicity data.
- Meta-analysis based on quantitative data points extracted from relevant publications
allows an evidence-based ranking of test system performance and nanomaterials
toxicity.
- The large meta-analysis data sets can be used for the evaluation of various relations
of nanomaterials, nanomaterial properties and toxicity data or assay system
evaluation.
- Moreover, the large homogeneous data sets can fill gaps for modelling of
nanomaterial toxicity.

Keywords
Meta-Analyis, Nanomaterials, Genotoxicity
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Meta-analysis identifies the most appropriate in vitro test system for genotoxicity testing of
engineered nanomaterials
Hahn D1, Eder K1, Ossig R1, Schmidt R2, Bormann E2, Schnekenburger J1
1Biomedical Technology Center, University of Muenster, Muenster, Germany, 2Institute of
Biometry and Clinical Research, University of Muenster, Muenster, Germany
Poster Session 1, April 20, 2021, 10:15 - 11:00
Introduction
The validity of established in vitro protocols for genotoxicity testing of nanomaterials is under
debate. To identify the most sensitive and reliable test systems for assessing the DNA
damaging potential of nanomaterials, we used a retrospective meta-analysis approach based
on a systematic analysis of the published literature.
Results and Conclusions
A total number of 393 studies was retrieved and 264 relevant studies fulfilled the criteria for
quantitative analysis. Data were extracted and 4004 data points were categorized based on
44 nanoparticle types, 7 genotoxicity assay systems, 52 different cell lines and three different
concentration and size categories. We also evaluated cell types and organ origin of the cells.
The largely applied Comet assay (1976 data points) was found to be the most sensitive test
system and displayed significant responses in all three dose categories with a clear doseresponse-relationship. Comparable results could not be found for any other test system. From
749 data points retrieved for the AMES test, the results calculated as weighted average from
16 different nanomaterials tested in seven different bacterial strains displayed no significant
difference to control groups. Our study created a large set of harmonized data, which further
identified combinations of assays and test conditions that can be recommended for
genotoxicity testing of specific nanomaterials.
Summary
- Meta-analysis is a suitable tool for the quantitative assessment of nanomaterial
genotoxicity.
- A retrospective meta-analysis based on 4004 data points extracted from relevant
publications of in vitro genotoxicity studies for nanomaterials was performed.
- The in vitro Comet assay seems to be an appropriate method for screening
nanoparticle-induced DNA damage.
- The results of the meta-analysis presented here will help to select an appropriate in
vitro testing strategy for a broad spectrum of nanomaterials in future genotoxicity
studies.
Keywords
Nanomaterial genotoxicity, test systems, meta-analysis
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Personalised 3D lung deposition models – better understanding of particle deposition in
diseased lung airways
Williams J1, Kolehmainen J2, Stone V1, Cunningham S3, Ozel A1, Wolfram U1
1School of Engineering and Physical Sciences, Heriot-Watt University, Edinburgh, United
Kingdom, 2Google LLC, Melrose Park, United States of America , 3Centre for Inflammation
Research, University of Edinburgh, Edinburgh, United Kingdom
Poster Session 1, April 20, 2021, 10:15 - 11:00
Introduction
Chronic respiratory disease effects over one billion people worldwide. Differences in
patient breathing and airway structure can lower the effectiveness of drug particle delivery
to the lung surface. In silico methods provide detailed analysis of micro and nanometre
drug particle inhalation and deposition. By using clinical computed tomography (CT) scans,
we create 3D models for location and mass of particle deposition personalised to airway
shape. We can model various particle properties and breathing conditions. We present this
modelling framework applied to a healthy adult male, a female lung cancer patient and a
child cystic fibrosis patient to evaluate deposition changes of 10 and 4 µm particles.
Results
We saw upper airway deposition vary by 45% across patients during worsening symptoms
with 10 µm particles. Here, only 5% of the drug reached the cancer patient’s lungs. When
modelling healthy breathing, upper airway deposition was reduced to 50% for the cancer
patient and 40% for the healthy and cystic fibrosis patients. Local deposition concentration
on the airway surface varied in each model (Figure 1), although all shared hotspots 100×
denser than the mean on the throat surface.
Conclusions
Our modelling framework allows for detailed, physically accurate aerosol deposition analysis
in the upper and central airways. We plan to adapt this to nanoparticles by treating particles
as tracers that follow the air’s motion perfectly. The upper and central airways can be
coupled to a model for deposition in the lower airways.
Summary
We showed that drug particle deposition changes with patient anatomy and breathing.
Various breathing profiles should be tested on image-based domains when informing
treatments.
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Figure 1: Concentration of 10 μm particles in each model, normalised by total m
particles in each model, normalised by total global deposition. The maximum
value shown describes an area with a drug concentration 100 times greater than
the mean drug concentration.
Keywords
Drug deposition, in-silico, respiratory disease
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Pulmonary toxicity of crystalline quartz after air-liquid interface exposure of alveolar and
bronchial mono- and cocultures
Friesen A1, Poselenova K1, Hufnagel M1, Fritsch-Decker S2, Diabaté S2, Weiss C2, Hartwig A1
1Karlsruhe Institute of Technology, Institute of Applied Biosciences (IAB), Karlsruhe,
Germany, 2Karlsruhe Institute of Technology, Institute of Biological and Chemical
Systems - Biological Information Processing (IBCS-BIP), Karlsruhe, Germany
Poster Session 1, April 20, 2021, 10:15 - 11:00
Introduction
The effect of particles on the human lung has been studied extensively in recent years. Among
the many relevant particles in workplace exposure, crystalline quartz remains an important
agent contributing to lung disease. To establish more physiologically relevant in-vitro models,
the development of air-liquid interface (ALI) cell cultures has greatly progressed recently. We
established ALI cultures employing epithelial cells (A549, BEAS-2B) as monocultures and
cocultures with macrophage-like cells (differentiated THP-1). These cultures were exposed to
aerosols containing α-quartz particles (Min-U-Sil5) with doses ranging from 15 to 120 µg/cm2,
and compared it to submerged exposures with regard to cyto- and genotoxicity as well as
gene expression profiles.
Results
Neither cytotoxicity nor genotoxicity was observed at the deposited doses. However, gene
expression profiles of the exposed cells using HT-RT-qPCR revealed a significant increase of
gene expression in several inflammatory genes, e.g. IL-1α, IL-1β, IL-6, IL-8 and CCL22 as well
as other NF-κB-associated genes. In contrast to A549-based cultures, metal homeostasis and
oxidative stress genes were activated in BEAS-2B-based models. These changes occurred
concentration- and time-dependently, and were only significant in the presence of
macrophages. The effects were more pronounced in submerged than in ALI cultures.
Conclusions
Crystalline quartz in non-cytotoxic concentrations activated a series of different genes in
pulmonary cell cultures. Our findings show considerable differences in the degree of gene
activation and repression between mono- and cocultures. These effects can be traced back
to the immunological potential of macrophages, which in turn interact with epithelial cells.
This points to the importance of using multi-dimensional models in toxicological in-vitro
studies.
Summary
We developed promising in-vitro models for the assessment of particle and fibre toxicity that
are easy and fast to handle, and allow an observation of different toxicological endpoints. We
validated the models by employing α-quartz and evaluating its pulmonary toxicity profile after
ALI exposure.
Keywords
quartz, pulmonary toxicity, air-liquid-interface, inflammation
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Quantitative phase microscopy as a novel in vitro assay to assess potential hazard of medical
nanoparticles
Eder K1, Marzi A1, Barroso Á1, Kemper B1, Schnekenburger J1
1Biomedical Technology Center, University Hospital Münster, Münster, Germany
Poster Session 1, April 20, 2021, 10:15 - 11:00
Introduction
Assessment of the cytotoxic potential of medical nanoparticles is important for both,
preclinical development, and safety validations. We have developed a time-resolved cell
growth assay based on quantitative phase imaging (QPI). QPI, a minimally invasive and labelfree microscopy method, allows quantitative access of multiple biophysical cell parameters.
Here, we follow cell growth dynamically during the exposure to medical nanomaterials by
time-resolved recording of dry mass development.
Results
RAW 264.7 mouse macrophages were imaged using a digital holographic microscopy (DHM)
system that was equipped with a stage-top incubator. The cells were exposed to medical
nanoparticles or digitonin as cytotoxicity control for 24 hours. Every 30 minutes, a QPI
image was generated and changes in dry mass of the cell populations were calculated from
the average phase shifts observed. Medium control cells grew constantly and doubled their
dry mass within 24 hours, while 32 µg/mL of digitonin significantly reduced the rate of dry
mass increase. Exposure of cells to LipImage 815 lipidots (CEA-Leti, Grenoble France) did not
affect dry mass development at concentrations up to 128 µg/mL. Empty and cabazitaxelloaded Poly(Alkyl Cyanoacrylate) nanoparticles (PACA, SINTEF Industry, Trondheim Norway)
induced moderate inhibition of cellular growth at 2 µg/mL, while 32 µg/mL showed effects
similar to digitonin.
Conclusions
Quantitative monitoring of dry mass development of macrophages with QPI allowed timeresolved assessment of cellular growth. Hazard effects as response to an exposure to
different medical nanoparticles, loaded with dyes or cytostatic drugs, could be clearly
demonstrated.
Summary
The presented novel quantitative phase microscopy-based in vitro cell growth assay
provided quantitative data to measure hazard effects of medical nanomaterials. Clear
advantages are, that this assay is a non-invasive, time-resolved, and label-free. Thus, it can
be regarded as promising new tool to improve control and evaluation of medical
nanoparticles for potential human health hazards.
Keywords
nanotechnology, medical, cytotoxcitiy, holography, hazard
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Read-across assessment framework in the context of the ecotoxicological endpoint
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Introduction
Safety assessment with the use of in silico tools can be considered as the main challenge in
the process of replacing animal testing with alternative methods. In the case of ENMs, the
nano-QSAR, read-across, or grouping strategies are often used to predict the
(eco)toxicological effects. The latest update of the REACH regulations (Annex VI) introduced
the term “nanoform” of substance. Thus, a substance may have one or more nanoforms
differing in size and shape and other characteristics. In this context, the read-across analysis
may be performed on a set of various nanoforms of one substance. We therefore examined
the possibilities as well as the challenges for nanomaterials when applying the Read-across
Assessment Framework (RAAF), especially when considering 'nanoforms'.
Results
A data set containing information on physicochemical characterization and ecotoxicity of
nano-SiO2 has been used for the case studies. All measurements were performed as part of
the NanoReg2 project. Implementation of chemometric methods (such as clustering and
distance analysis) allowed to identify features of most importance related to nanoforms’
toxicity towards both Fish cells and Algae. Subsequently the results of chemometric analysis
supported by Weight of Evidence approach allowed for the formulation of read-across
hypotheses regarding possible mechanisms of action. Presented workflow proved the
usefulness and validity of RAAF to assess the adverse effects caused by nanoforms.
Summary
The complete read-across case study for selected nanoforms of particular nanomaterial (SiO2)
has been carried out. The results and lessons learned from this exercise will be discussed
further in the context of the work carried out in the PATROLS project.
Keywords
read-across, ecotoxicity, risk assessment, RAAF

25 | P a g e

Short-term dissolution testing of manufactured nanomaterials in physiological test media
Holmfred E1
1Technical University Of Denmark, Copenhagen, Denmark
Poster Session 1, April 20, 2021, 10:15 - 11:00
Introduction
Understanding solubility and dissolution rates of manufactured nanomaterials (NMs) in
biological systems have gained increased interest in the last few years. Poorly soluble NMs
have found to be accumulating in lung tissue causing potential long-term effects, while more
rapidly dissolving NMs may cause acute toxic effects depending on chemical composition. The
physiochemical behaviour of NMs in physiological compartments is complex to study and
predict using basic modelling approaches. Dissolution testing in physiological fluid simulants
can thereby become a simple measure for the estimation of potential human toxic effects.
Results
The atmosphere-temperature-pH controlled stirred batch reactor (ATempH SBR) setup (see
graphical abstract) was developed to mimic and maintain conditions in specific biological
compartments during dissolution testing of NMs. The method was documented in studies of
the dissolution kinetics of selected NMs in low-sodium Gamble’s solution (Gamble’s, pH 7.4)
and phagolysosomal simulant fluid (PSF, pH 4.5). The role of dispersion media and associated
dispersion state is a critical step for achieving reproducible dispersions, dosing, and
potentially could affect solubility limits and dissolution rates. This issue was studied on three
industrially representative NMs (ZnO (NM-110 and NM-111) and TiO2 (NM-104)). The NMs
were pre-dispersed in different dispersion media (water, 0.05% bovine serum albumin, and
test medium (Gamble’s or PSF)) to determine the effect on the dissolution behaviour in both
Gamble’s and PSF.
Conclusions
Using the ATempH SBR it was possible to identify and estimate the dissolution rates of
selected NMs. The choice of pre-dispersion medium did show to influence the dissolution
behaviour.
Summary
The ATempH SBR setup is a useful technique to simulate human lung conditions and study
short-term dissolution rates and kinetics of NMs.
Acknowledgements
This research has received funding from the European Union’s Horizon 2020 research and
innovation program for the PATROLS project under grant agreement No.760813.
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Graphical abstract

Keywords
Dissolution, physiological testing, kinetics, ICP-MS
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Synthesis of Graphene Oxide-Gold Nanohybrids for Nano-Ecotoxicological Studies
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Introduction
The benefits of multicomponent nanohybrids are being further explored due to their superior
attributes and multi-functionalities. One of example is Graphene Oxide-Gold nanohybrids
(GO-AuNPs) which have been reported to have synergistic features such as increased
electrical conductivity, catalytic activity, higher surface area, optical and medical properties.
These features allowed for the increased use of GO-AuNPs in various applications such
bioimaging and biosensing. However, there is no standardized protocol for the synthesis of
GO-AuNPs nanohybrid and it is therefore unclear how in different formulations the two
components are conjugated, quantitatively and qualitatively and whether performance, but
also potential toxicity, may be affected.
Results
The GO-AuNPs nanohybrids were prepared by reduction of chloroauric acid using sodium
citrate. The nanohybrids produced were characterised using UV-Vis, TGA, TEM, FTIR and
Raman. The production of GO-AuNPs nanohybrids was successful as shown by TEM of GO
sheets decorated by AuNPs. In addition, the conjugation of AuNPs was confirmed by TGA and
FTIR. The integrity of the graphene sheets was not affected by AuNPs conjugation as clearly
shown by the presence of D and G band of GO. The dispersion stability of the GO-AuNPs in
the presence and absence of natural organic matter (NOM) was further evaluated in both
ultrapure water and High Hardness Combo media.
Conclusions
The successful production of GO-AuNPs nanohybrid was achieved using the method
described. The work tested and optimised the ratio between GO and AuNPs in the produced
hybrids. The nanohybrids were found to have uniform distribution of AuNPs on the GO sheets
and exhibited good stability. This is a crucial step forward in the development of a standard
protocol for the synthesis of GO-AuNPs nanohybrids, and paves way for the evaluation of the
nano-ecotoxicity of the nanohybrids.
Summary
- Successful synthesis of GO-AuNPs nanohybrid
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•
•
•

Suitability of the nanohybrid for toxicity experiment by characterization results
Keywords
Graphene-oxide; Gold nanoparticle; Nanohybrid
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Introduction
Quantum dots (QDs) show unique optical properties, particularly bright fluorescence at
tunable wavelengths and resistance to photobleaching. They are currently used in everyday
products such as displays and LEDs, as well as for biomedical imaging. RoHS-compliant Cdfree QDs such as InP QDs are progressively replacing Cd-based QDs, which show high toxicity
due to photodegradation that leads to release of toxic Cd2+ ions. We are developing safer-bydesign InP QDs as part of the SERENADE consortium, following strategies consisting in i)
reducing the In content in QD cores, ii) alloying the core with nontoxic chemical elements and
ii) designing robust shells that protect QDs from degradation. We produced InP QDs with core
alloyed with zinc and coated with either a single or a double shell of Zn(Se,S) and ZnS. Their
kinetics of degradation were compared, their transformation products identified and their
toxicity characterized, in vitro, on primary human keratinocytes.
Results
The newly designed QDs degraded when exposed to UV light via accelerated weathering, and
QDs having the thickest shell were more robust than the other formulations. Accelerated
weathering disrupted of the InZnP crystalline structure and released In-phosphate and Znphosphate. Proteomics and targeted studies showed that while pristine QDs showed minor
toxicity, aged QDs were cyto- and genotoxic, reduced cell proliferation, perturbed
intracellular Zn homeostasis, cytoskeleton integrity, mitochondrial activity and cellular
transport.
Conclusions
Newly developed InP QDs are safer-by-design as their improved stability limits exposure of
the populations. However, when degraded they still show significant toxicity, which suggest
the potential for further improvements.
Summary
Safer-by-design InP QDs have been produced, showing reduced dissolution potential but still
significant toxicity towards primary human keratinocytes when aged in environmental
conditions.
Keywords
quantum-dots, safer-by-design, toxicity, nanomedecine, optoelectronics
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Hazard identification of nanomaterials: in silico unravelling of descriptors for cytotoxicity and
genotoxicity.
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Introduction: The successful determination of hazards associated with engineered
nanomaterials (ENMs) depends on an intimate knowledge of interactions of the ENMs with
target biological materials. We have explored the relationships between physico-chemical
characteristics of a range of ENMs and their biological effects - cytotoxicity, oxidative stress
and genotoxicity (strand breaks and oxidized DNA bases) - using a grouping analysis approach.
A large set of data on characterization, cellular internalization, and biological effects has been
collected and analysed with the aim of elucidating modes of action. Most of these data were
obtained during the NANoREG and Nanoreg2 projects.
Results: Nineteen representative ENMs (TiO2 anatase: NM100, NM101, NM102; TiO2 rutile:
NM103, NM104; TiO2 anatase-rutile: NM105; the ZnO-NMs: NM110, NM111, NM112, and
NM113; the amorphous SiO2: NM200, NM201, NM202, NM203, and NM204; the Ag-NMs:
spherical NM300K and rod-shaped NM302; and the carbon nanotubes: NM400 and NM401)
were studied in human lymphoblastoid TK6 and lung epithelial alveolar A549 cells.
Cytotoxicity, genotoxicity and oxidative stress were mapped. The chemometric approach
using two-way hierarchical cluster analysis with unsupervised machine learning identified
distinct descriptors for cytotoxicity and genotoxicity for use in hazard characterisation of
ENMs. Metal cation formation and ionization energies of the metal atom were identified as
descriptors for cytotoxicity. For genotoxicity (measured by the comet assay), we identified
the difference between pristine size of the ENM by TEM and measured size after dispersion
of the ENM in cell culture medium as the most important predictor for strand breaks. The
presence of surface coating was the best determinant of oxidised DNA bases (detected by the
enzyme-linked comet assay).
Conclusions: An integrated approach combining experimental and in silico studies has been
shown to be of value in identifying of hazards associated with ENMs. In particular, grouping
analysis can lend support where crucial empirical information is lacking.
Acknowledgements: Supported by the European Commission under grant agreement no.
310584 (NANoREG), 64622 (Nanoreg2), 814572 (NanoSolveIT), 814425 (RiskGONE).
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Introduction
Lung cancer is one of the most common and deadly forms of cancer and in some cases
associated with exposure to certain types of particles. There is concern that some
nanomaterials may be among such particles. Assessment of nanomaterial carcinogenicity is
currently performed on a time-consuming case-by-case basis, relying mainly on animal
experiments. A variety of efficient non-animal alternatives for genotoxic, mutagenic and
carcinogenic assessment exist, including a few validated cell-based methods accepted for
regulatory risk assessment of nanomaterials. Furthermore, novel mechanism-focused highthroughput systems, targeting various carcinogenic modes of action (MoAs) and capable of
handling the increasing numbers of nanomaterials, have been developed. The latter are,
however, mainly applied as weight-of-evidence linked to generally required animal data, since
challenges remain with regard to interpretation of alternative methods-derived data. These
challenges may be overcome by the novel Adverse Outcome Pathway (AOP) framework,
which provides a basis for validation and uptake of alternative non-standard methods in risk
assessment, by providing a basis for identification of causally connected toxicity mechanisms,
or so called key events (KEs) leading to adverse outcome.
Results
Here, we propose an AOP for lung cancer induced by nanosized foreign matter and suggest a
selection of standardized and new approach methodologies for in silico- and in vitro-based
assessment of each KE.
Conclusions
The potential for further refinement of the AOP and its components is discussed in relation
to available knowledge, recently proposed data integration methods and the key
characteristics of carcinogens.
Summary
Overall, we provide a basis for development of AOP-aligned alternative methods-based
integrated testing strategies for assessment of nanomaterial-induced lung cancer.
Keywords
AOPs, nanomaterials, genotoxicity, lung cancer
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Introduction
We illustrate how known adverse modes of action of nanoparticles arise from
fundamental physical-chemical parameters that don’t need any experimental quantification.
We show that cytotoxicity of metal oxides in different types of in-vitro systems can be
foreseen on the basis of the values of oxidation number (Z) and ionic potential (IP) of the
metal cation, and surface reducibility (SR), and redox reactivity (RR) of the oxide.
Importantly, the values of these fundamental physical-chemical parameters can be easily
determined from the chemical formula of the nanoparticle with the help of a periodic table.
Combining these parameters in a naïve Bayes classifier, a robust probabilistic model that
can be run on a pocket calculator, makes it possible to determine the most probable level of
toxicity of a nanoparticle given its composition.
Results
Results indicate that the probability that nano-oxides exhibit very high cytotoxicity
(EC50 < 10-3 mol·L-1) decreases with increasing oxidation number Z of the cation; high values
of Z, however, may become unstable and activate adverse redox processes; in contrast,
stable, redox-inert reducible oxides tend to be, probabilistically, less toxic than oxidizable
ones.
Conclusions
The simplicity of the approach enables non-specialists to formulate hypotheses
about the toxicity of nanoparticles. Details are described in
https://www.doi.org/10.1039/c9en00785g.
The approach is available to anyone through the Nanocommons link
https://app.jaqpot.org/model/2XyMtChRiSfZ6UmKirhi.
Summary
We present a probabilistic risk assessment of oxide nanomaterials based on the
association of known modes-of-action (i.e., dissolution, electrostatic interaction, surface
reactivity, and redox bulk reactivity) to fundamental physical-chemical parameters known
for determining these mode-of-action (i.e., Oxidation number, Ionic potential, surface
reducibility, electrochemical potential). Organization of data for cytotoxicity into a Bayesian
Classifier made it possible to associate a nanoparticle to a class of toxicity defined as a range
of values of EC50, the amount that induces a reduction of the viability by 50%. The strengths
of the approach rely on its simplicity, the use categorical variable that describe nonnumerical parameters (e.g., surface reactivity), the access for anyone to required
information because available in a periodic table.
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Dissecting nanoparticle specific key events orchestrated in the mouse lung for improved in
vitro testing strategies
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Parallel Session 1.1 - Hazard Characterisation of nanomaterials and advanced
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Introduction
Recapitulation of in vivo toxicological findings in vitro (IVIV) is one of the current challenges
of the nanotoxicology community. Advancements, especially mimicking adverse outcome
pathways for chronic pulmonary effects, are of utmost importance for academic and
industrial testing strategies, targeting the reduction of animal experimentation in nanohazard assessment. Typically cell based tests aim to reproduce the biological response to
particle exposure, which of the respective cells represents the initial target is, however, often
obscure.
Results
We postulate that the discrepancy of IVIV inherently lies in knowledge gaps of specific target
and effector cell types in vivo. Therefore, we identified nanomaterial and time specific cellular
transcriptional patterns by single cell analysis of carbon particles (CNP) and carbon nanotubes
(double walled DWCNTs, multi-walled MWCNTs) instilled mice at 12h, 6d and 28d compared
to sham controls. Strikingly, MWCNTs not only cause prolonged alveolar epithelial type 2 cell
injury (over 28d), but also induce rapidly (12h) and efficiently intermediate cell states recently
identified for epithelial regeneration (Krt8+ ADI cells [1]). Furthermore, a unique
mesenchymal involvement in downstream signaling was apparent, highlighting the potential
for chronic effects, including fibrosis. In contrast, CNPs trigger acute inflammatory effects
mainly by activation of bronchial ciliated and mucous cells (12h) and concomitantly an acute
phase response of lipofibroblasts that locally extends into prolonged inflammation (6d).[2]
Conclusions
The findings from the present study likely have a tremendous influence on understanding NP
specific cell-cell interactions and subsequent insight on how to design in vitro experiments for
pulmonary hazard assessment in the future. This comprehensive dataset will, for the first
time, facilitate mimicking of acute and chronic inflammatory processes by identifying new
AOP key events for in vitro testing strategies.
Summary
We present a spatio-temporal resolution of nanomaterial driven pulmonary response
patterns, cellular communication and signalling cascades identified by single-cell RNA
sequencing.
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Strunz, M., et al., Alveolar regeneration through a Krt8+ transitional stem cell state
that persists in human lung fibrosis. Nature Communications, 2020. 11(1): p. 3559.
2.
Hadrup, N., et al., Acute Phase Response as a Biological Mechanism-of-Action of
(Nano)particle-Induced Cardiovascular Disease. Small, 2020. 16(21): p. 1907476.
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April 20, 2021, 12:00 - 13:10
Introduction
Zinc oxide nanoparticles (ZnO-NPs) are widely used in products such as rubber, paint,
coating and cosmetics. A previous study demonstrated a role of Nrf2 in negative regulation
on ZnO-NPs exposure-induced neutrophil migration in the lung of male mice, but it is
unknown whether the same is true also in female mice. The present study investigated
effect of Nrf2 deletion on inflammatory response in lung of female mice exposed to ZnONPs.
Results
Exposure to ZnO-NPs increased dose-dependently total cells, macrophages, lymphocytes,
neutrophils and eosinophils in both Nrf2-/- and Nrf2+/+ mice. Multiple regression analyses
showed that Nrf2 deletion decreased mRNA expression of CAT, GcLc and NQO1 but
increased those of GcLm, MT-2, KC, MIP-1, IL-6, IL-1β, MCP-1 and TNF-α. Compared to the
previous study on male Nrf2+/+ mice, magnitude of increase in the number of macrophage in
BALF at 10µg/mouse was greater in female Nrf2+/+ mice. The result showed that deletion of
Nrf2 in female mice did not increase the number of BALF macrophage differently from the
previous study on male mice which showed Nrf2 deletion-induced increase in the number of
BALF macrophage.
Conclusions
In conclusions, the study showed greater susceptibility of female Nrf2+/+ mice to ZnO-NP
exposure in infiltration of macrophages or lymphocytes in BALF and role of Nrf2 in
regulation on expression of antioxidant enzymes and inflammatory cytokines in mice.
Summary
Compared to the previous study on male Nrf2+/+ mice, magnitude of increase in the number
of macrophage and lymphocyte in BALF at 10µg/mouse was greater in female Nrf2+/+ mice,
resulting in no difference between Nrf2-/- and Nrf2+/+ female mice. The study showed
greater susceptibility of female Nrf2+/+ mice to ZnO-NP exposure in infiltration of
macrophages or lymphocytes in BALF.
Keywords
zinc oxide, Nrf2, lung, inflammation
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Indirect embryo-fetal risks of nanoparticles: Impact on human placental function, the
release of placental signaling factors and subsequent alterations on angiogenic and
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Parallel Session 1.1 - Hazard Characterisation of nanomaterials and advanced materials,
April 20, 2021, 12:00 - 13:10
Introduction: Prenatal exposure to several environmental and engineered nanoparticles (NPs)
has been associated with adverse effects on fetal development and health later in life.
However, the mechanisms underlying the developmental toxicity of NPs are largely unknown.
Since maternal to fetal transfer of NPs is often low or even absent while particles tend to
accumulate in the placental tissue, we speculate that indirect placenta-mediated effects are
involved in or responsible for the observed developmental toxicity of NPs. Specifically, NPs
could interfere with placental signaling pathways essential to successful pregnancy outcomes.
Our aim is to investigate the impact of selected NPs (titanium dioxide (TiO2), nanosilica (SiO2)
NPs and diesel exhaust particles (DEPs); developmental toxicity previously described), on
human placental tissue viability and functionality with a focus on the secretion of placentaspecific vascular, endocrine and inflammatory factors.
Results: We successfully established human placental explant cultures from early and late
pregnancy and evaluated their viability and functionality. Non-lethal concentrations of the
NPs were defined in BeWo trophoblast cells for subsequent functional studies. TiO 2 and SiO2
NPs did not induce major cell death or affect hCG secretion levels in placental explants.
However, secretion profiling (multiplex arrays) indicate effects of TiO2 and SiO2 NPs with
inflammatory (eg. sCD40L, GM-CSF, IL-1 beta, IL-10 and MIP-1 beta), vascular (eg. endoglin,
follistatin) and endocrine (eg. leptin) signaling factors.
Conclusion: First results reveal potential interference of TiO2 and SiO2 NPs with placental
signaling processes. Further studies are ongoing to 1) assess the impact of DEPs on placental
signaling, 2) perform an unbiased secretomics profiling and 3) understand if conditioned
media from NP-treated explants affect angiogenic and neurodevelopmental processes
relevant to fetal wellbeing. Our mechanistic insights on NP-induced toxicity at the placenta
will be highly valuable for the safe use of NPs and the protection of sensitive populations.
Keywords
nanoparticles, placenta, developmental toxicity, cell-signaling
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Introduction
The increased use of titanium dioxide nanomaterials (TiO2) in food products has raised oral
exposure to those nanomaterials, with subsequent risks to human health, particularly
genotoxicity and, ultimately, cancer development. In humans, the digestion process may
modify the physicochemical properties of TiO2, thereby shaping the potential biological
outcomes. Thus, such process should be considered when assessing their hazard upon oral
exposure.
This work aimed to investigate the genotoxic effects of three TiO2 (NM-102, NM-103 and NM105, JRC repository) after the simulation of the human digestive process using the
standardized INFOGEST in vitro digestion method. The secondary physicochemical properties
and DNA damage levels, using the comet assay, were analysed in two intestinal cell lines
exposed for 24h to digested or undigested TiO2.
Results
An increase in the level of DNA strand breaks in two intestinal cell lines(Caco-2 and HT29MTX-E12) was observed after exposure to digested NM-105, concomitantly with a decrease
in its hydrodynamic size, comparatively to the undigested nanomaterial. Moreover, the
digested NM-103 induced DNA damage in Caco-2 cells whereas the undigested nanomaterial
did not. The FPG-modified comet assay also revealed an increase in oxidative DNA lesions
upon treatment of Caco-2 with NM-103 and HT29-MTX-E12 with NM-102.
Conclusions
One of the digested TiO2(NM-105) can be classified as potentially genotoxic in both cell lines,
while the digested NM-103 induced an equivocal genotoxic response in Caco-2 cells.
Therefore, the digestion simulation is of relevance to investigate the potential genotoxic
effects of ingested nanomaterials.
Funded by FCT/MCTES (PTDC/SAU-PUB/29481/2017), ToxOmics(UIDB/00009/2020),
iMed.ULisboa(UIDB/04138/2020,
CEECIND/03143/2017)
and
CESAM
(UIDP/50017/2020+UIDB/50017/2020).
Summary
- The physicochemical properties of one TiO2(NM-105) are modified by digestion
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process.
NM-105 becomes potentially genotoxic in Caco-2 and HT29-MTX-E12 cells after
digestion simulation.
Digested NM-103 produced an equivocal genotoxic response in Caco-2 cells.
The digestion process should be included in the in vitro hazard assessment of ingested
nanomaterials.
Keywords
Titanium Nanomaterials, digestion, comet, genotoxicity
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DaNa4.0 - advanced materials knowledge base in a new outfit
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Introduction
After more than 10 years of communicating the risks of nanomaterials in the previous
projects DaNa and DaNa2.0, we generally revamped our website www.nanoobjects.info and
took the nano experience to expand the portfolio to advanced materials in DaNa4.0.
Results
Advanced materials represent a group of various smart, innovative materials with new
functions and effects. These include materials such as carbon fibres, aerogels and also
nanomaterials. They are already used today in a variety of applications such as lightweight
plastics with fibre reinforcement or hybrid materials used in 3D printing.
Our knowledge base currently contains verified information on more than 26 materials and
more than 70 applications. With the help of our literature criteria, we are now evaluating
scientific literature on human and eco toxicology of advanced materials and describe the
findin gs in a generally understandable way: from a possible exposure to humans, the
uptake into the body, to the effect on humans, and from the release of these materials into
the environment, their uptake and effect in environmental organisms to the distribution in
the environment. We also provide information on the behaviour of advanced materials at
the external and internal body barriers of humans.
The enormous variety and diversity of advanced materials is a huge challenge for the team
of biologists, chemists and toxicologists.
Additionally, current topics like labelling of chemicals and additives or nanoplastics in the
environment can be found in the section on cross-cutting issues.
Conclusions
The DaNa knowledge base reliably informs the consumer about potential risks of advanced
materials. Scientists will also find results of German projects on advanced materials, SOPs, a
SOP template and the literature criteria catalogue for download.
For more information, visit www.nanoobjects in new layout.
Acknowledgement: DaNa4.0 is funded by the German Federal Ministry for Education and
Research under grant no. 03XP0282.
Keywords
advanced materials, communication, knowledge base
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Decision Support System for risk assessment and management of nano(bio)materials used in
medical devices and advanced therapy medicinal products
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Introduction
The increasing use of nano(bio)materials (NBMs) in medical devices (MD) and advanced
therapy medicinal products (ATMP) has offered great advancements in diagnostic and
therapeutic medicine. However, due to the complex nature and interactions of these
materials, there are concerns regarding their possible health and environmental risks. To
provide a tool for the assessment and management of these risks, the EU Horizon 2020
project BIORIMA developed a dedicated Decision Support System (DSS).
Results
The BIORIMA DSS has been developed by taking into account both regulatory requirements
and stakeholder needs. The DSS has been designed to guide stakeholders (e.g. industry,
regulators, consultants) in the systematic assessment of occupational and environmental
risks from NBMs used in biomedical applications. To help the users in generating the data
needed for risk assessment, the system guides them through Integrated Approaches to
Testing and Assessment (IATA), which consist of testing and modelling approaches and were
specifically developed for this purpose in the BIORIMA project. The results of the risk
assessment are used as a basis to propose optimal risk management strategies, including
information about the efficacy and cost of the proposed risk management measures.
Conclusion
The BIORIMA DSS is currently being developed and a beta version is already available:
https://biorimadss.greendecision.eu/. The final version of the platform will be ready in
Autumn 2022.
Acknowledgements: This work has received funding from the European Union’s Horizon 2020
Research and Innovation Programme under Grant Agreement No 760928 (BIORIMA BIOmaterial RIsk MAnagement).
Keywords
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Introduction
Nano-risk governance entails the ability to perform adequate nanospecific risk assessment
and management. While performing nano-risk innovation governance, numerous risk and
benefit aspects, societal acceptance, policies and regulations may need to be considered
during the innovation process. Safer-by-Design, circular economy and green chemistry play
an increasing role in policies and industrial production. Consequently, development and
production of nanomaterials and associated products enter a multidimensional landscape of
unknown, poorly known and known risks and requirements. The caLIBRAte project
developed a Nano-Risk Innovation Governance (NRIG) Framework and a Project tool to help
innovators in making a thorough and transparent risk exploration and nano-specific pre-risk
assessment and decisions during their material and product development
(http://www.nanoriskgov-portal.org).
Results
The NRIG framework was developed considering a Cooper-like stage-gate innovation
framework, and elements from existing CEN, ISO, and OECD standards, and guidances,
which were prioritized based on stakeholder needs and trending perspectives in research
and policy (Safer-by-Design, Green Chemistry, Circular Economy). The result is an
operational framework consisting of a governance leader/board layer and a governance
project leader layer, which work together to complete the NRIG project. Governance tools
were identified or developed to cover the most critical NRIG needs. Tools were accepted
based on stakeholder criteria and good performance. Whenever possible, risk assessment
and -management tools were tested against measured high-quality toxicological and/or
exposure/release data. Horizon scanning and risk-benefit tools could only be demonstrated
due to lack of suitable data. High-quality case study examples demonstrate the framework
Conclusions
A NRIG Framework, guidance and a project tool has been developed and demonstrated. It
enables governance project leaders to perform a flexible and adaptive nano-risk governance
during materials and product innovation.
Acknowledgements
This work was supported by caLIBRAte Project which was funded by the European Union's
Horizon 2020 research and innovation programme under grant agreement No 686239.
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Introduction
Nanomaterials exist in a variety of nanoforms. The GRACIOUS project has generated a
Framework to facilitate grouping and read-across of nanoforms, to support innovation and
streamline regulatory risk assessment.
Methods
The Framework builds upon the ECHA nano-specific guidance for grouping and read-across
plus previous international projects. Stakeholder consultation led to improvements in the
Framework design.
Results
The Framework consists of two steps.
The initial basic information step includes the purpose of grouping (e.g. risk assessment or
innovation), physicochemical properties (e.g. size, shape, composition, surface coating), plus
uses/ potential releases of the nanoform(s) (to inform routes of exposure and
environmental compartments).
In the second detailed step the basic information triggers a hypothesis that explains the
logic for grouping specific NFs. The Framework contains 40 pre-defined hypotheses covering
inhalation, ingestion and dermal exposure for humans, as well as aquatic, sediment, soil and
air for the environment.
Integrated Approaches to Testing and Assessment (IATAs) are used to acquire the most
relevant information needed to accept, modify or reject the hypothesis. Each decision node
of the IATA is supported by a tiered strategy of existing data, physicochemical, in silico, in
vitro and in vivo methods. The outputs of the IATA are collated in a data matrix allowing
assessment of similarity for each endpoint and collation of the evidence to support the
grouping decision. Grouping then allows identification of source materials to fill data gaps
for target nanoforms via read-across.
The software blueprint is now being tested.
Conclusion
The Framework provides detailed support to group and read-across nanoforms, to
streamline development of regulatory documents and to support innovation.
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Introduction: The regulation of nanomaterials presents several unprecedented challenges:
their new physical and chemical characteristics; the difficulty of making an accurate inventory
of the amount of nanomaterials already created by human activity; the variable effects of its
interaction with the human organism and the environment; the great ease of circulation of
nanomaterials, especially due to the possibilities of globalization and communication
networks, made possible by digital technologies. When using traditional regulatory models, a
law should be structured for each nanomaterial and each country would have its own
legislative structure. This becomes impracticable. The integration of stakeholders, in a
multidisciplinary perspective, will be an appropriate path for the construction of regulatory
schemes, based on the “Responsible production and consumption: Sustainable Development
Goal n. 12”. This is what is being observed in the Gracious Consortium, which admitted
interested parties from various areas of knowledge, that is, the integral parts of the Nano
Forms life cycle, including Social Science Scientists and Consumers. We study the possibilities
of designing a regulatory environment, where there are several non-governmental actors,
among which are organizations working at the nano scale. A regulatory scheme is in
preparation, designed in a decision tree, which can assist decision making by all stakeholder,
with the findings of the European Chemicals Agency publication, 2020, entitled:
“understanding public perception of nanomaterials and their safety in the EU”.
Results and conclusions: The working hypothesis we have in research is the importance of
science communication, nanoscience, with stakeholders in nanomaterials. If it generates a
shared responsibility that starts in the laboratories, passes through the industries, reaching
the consumer, always focused on respect for the environment, throughout all stages of the
nanomaterial’s life cycle. What are the foundations of this hypothesis? If there is any doubt
among the public about safety aspects, acceptance and implementation of new technologies
in society can be seriously hampered and thus potential benefits may not be fully realized.
There are numerous examples of risks that were broadly recognized only after market
introduction of new products or technologies, often neglecting early warnings. If there is any
doubt among the public about safety aspects, acceptance and implementation of new
technologies in society can be seriously hampered and thus potential benefits may not be
fully realized. Examples of such “contested technologies” are genetically modified organisms,
genetic technology, to name a few examples.
Summary: It is a research under construction. The aim is to integrate the Law area in the
activities of the Gracious Consortium, based on the structuring of a regulatory environment.
In this space, from integration of stakeholders, in a multidisciplinary perspective, will be an
appropriate path for the construction of regulatory schemes, based on the “Responsible
production and consumption: Sustainable Development Goal n. 12”. At the same time, public
perception of nanomaterials is integrated (ECHA, 2020), preparing a decision tree with the
research findings of the scientists at the Gracious Consortium.
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A SYSTEMATIC APPROACH TO INVESTIGATE THE CARRIER EFFECT OF POLYCYCLIC AROMATIC
HYDROCARBONS (PAHs) FOR MICRO AND NANO POLYMER PARTICLES (PPs)
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Wiemann M4, Hutzler C1, Roloff A1, Haase A1
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Parallel Session 1.3 - Hazard Characterisation & Ranking, April 20, 2021, 12:00 - 13:10
Humans are exposed to various polymer particles (PPs) via inhalation and ingestion but
possible human health effects are not well investigated. In the environment, PPs may bind
different environmental pollutants, which could potentially increase their bioavailability
(“carrier hypothesis”). The aim of this study was to investigate whether contaminated PPs
may pose a human health risk.
Within the German BMBF-funded project InnoMat.Life we investigated different industrial
relevant PPs, all well characterized for their physico-chemical properties. Most had a broad
size distribution. Firstly, we developed a universally applicable third polymer-phase
partitioning (TPP) method, which enabled to quantify the sorption of pollutants on various
PPs without filtration. We analyzed the sorption of the polycyclic aromatic hydrocarbon (PAH)
benzo[a]pyrene for 20 PPs, including a few aged polymers. The sorption of anthracene and
dibenzo[a,l]pyrene was also studied for selected PPs. The TPP method was validated using
the commonly applied batch method.
In parallel, we investigated the biocompatibility of the PPs in three selected cell models,
human intestinal epithelial Caco-2, human liver epithelial HepG2 and rat alveolar
macrophages NR8383. In addition, the carrier effects of the PPs were investigated for
benzo[a]pyrene and two heavy metals in HepG2 and Caco-2 cells.
Using the TPP method, we could show that the PPs strongly differed in their sorption behavior
with surface area and hydrophobicity as the most influencing factors. That enabled to rank
and to categorize the PPs. All PPs were not cytotoxic. However, a few rather seemed to
decrease the bioavailability of the selected pollutants. Of note, PPs derived from tire rubber
were found to induce CYP1A1 expression in both cell lines even in the absence of pollutants.
Overall, our work contributes to better understand the human health hazards of PPs. The
broader aim of our project is to provide criteria for grouping of different PPs.
Keywords
Microplastics, PAHs, Adsorption, Contaminant-Transport, Cytotoxicity
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Introduction
Understanding how modulation of key extrinsic properties of nanoforms (NFs), through the
application of different surface treatments, affects exposure and hazard is a priority to
address within grouping efforts. One hypothesis to assess NFs with different organic surface
modifications is to group according to the biodegradation of the organic surface treatment.
This approach has been developed within GRACIOUS. The hypothesis contends that NFs with
a similar core chemistry, but with different organic surface treatments may be grouped if the
surface treatment is likely to be lost through biodegradation, and therefore no longer
modulates fate, exposure and toxicity of the NF.
To test this hypothesis, an IATA has been developed that includes an adaptation of a
colorimetric carbon substrate utilisation assay for organic molecule biodegradation to screen
for coating material biodegradation by wastewater activated sludge microbes. This assay has
been tested with 20 common surface treatments including synthetic and natural polymers,
non-ionic and ionic surfactants and stabilisers and benchmarked against OECD TG301 results.
Results
Results for common nanomaterial surface treatments from both the colorimetric screening
assay and OECD TG301 identified ready, partial and non-biodegradable substances. Citric acid
(readily biodegradable) and Polyvinylpyrrolidone (non-biodegradable) provided the upper
and lower dynamic range of the assay. The carbon substrate utilisation assay was shown to
be well suited to early tier screening, while OECD TG301F data provide confirmatory support
and verification prior to movement to higher tiers.
Conclusions
This study demonstrates both the conceptual basis of an IATA for grouping nanoforms based
on organic coating degradation and presents an adapted screening assay that can be used as
part of a tiered testing strategy associated with this IATA.
Summary
Keywords
Grouping, Read-across, Biodegradation, Nanoforms, Wastewater
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The current study presents a robust predictive model on the hazardous potential of pure
metals, metal oxides, Zr-doped metal oxides, hydroxyapatite, AlOOH, and bimetallic
nanomaterials (NMs) in HepaRG cells, based on the in vitro experimental data of Joosens et
al. (Scientific Data, 6, 46, 2019). The model was developed using the Random Forest algorithm
in the Isalos Analytics Platform, powered by the Enalos+ nodes and was fully validated as per
the OECD principles for the validation of QSAR models including complete documentation via
a QSAR model report form.
The original dataset contained ten physicochemical descriptors (chemical formula, type of
coating, coating charge, morphology, ageing, TEM size, hydrodynamic size, geometric surface
area, ζ-potential, exposure concentration) and 13 biological endpoints related to cell viability,
mitochondrial potential, cell membrane damage and nuclear and cytoplasmatic caspases.
NMs presenting hazardous activity in any biological endpoint, were classified as potentially
hazardous, while the rest were classified as non-hazardous.
The dataset was enriched with 13 molecular descriptors (e.g. molecular weight, atomic/ionic
radii, metal electronegativity, absolute electronegativity, energy band gap) that can be
calculated using atomic periodicity and other fundamental atomic parameters. The resulting
dataset contained 24 descriptors (including the hazard potential) and a total of 19,440 data
points. The most significant descriptors with predictive value were identified, using variable
selection algorithms.
The produced model presented high predictivity, and specificity, sensitivity and Cohen’s k
value of the model were very satisfactory. The identified parameters have been linked to NMs
cytotoxicity in the past and describe how the NMs interact with organisms.
The study was funded by the H2020 NanoSolveIT project (Grant agreement: 814572) and the
European Regional Development Fund and the Republic of Cyprus, Research and Innovation
Foundation (POST-DOC/0718/0070).
Keywords
nanoinformatics, toxicity, HepaRG, risk assessment
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Quaternary mixtures of TiO2NP, CeO2NP, arsenic, and mercury potentiate A549, HepG2 and
SH-SY5Y cells cytotoxicity
Rosário F1,2, Costa C1,2, Teixeira J1,2, Reis A1,2
1EPIUnit – Instituto de Saúde Pública, Porto, Portugal, 2National Institute Of Health Doutor
Ricardo Jorge, Porto, Portugal
Parallel Session 1.3 - Hazard Characterisation & Ranking, April 20, 2021, 12:00 - 13:10
Introduction
Nanoparticles (NP) released to the environment interact with pre-existing contaminants,
potentially leading to cytotoxicity and raising concerns regarding human safety to coexposure to multiple chemicals. This work assesses and compares viability of A549, HepG2
and SH-SY5Y cells after short (24h; WST-1 assay) and long-term (7 days; clonogenic assay)
exposure to single and quaternary mixtures of: titanium dioxide nanoparticles (TiO 2NP) 0.75;
75 mg/L; cerium oxide nanoparticles (CeO2NP) 0.1; 10 μg/L; arsenic (As) 0.01; 0.75; 2.5 mg/L;
and mercury (Hg) 0.5; 10; 20 mg/L. Mixtures were divided in four groups: low, mid-low, midhigh and high (Fig.1).
Results
Cytotoxicity of short single exposures increased with dose and was cell line-dependent with
increased sensitivity in the order SH-SH5Y>A549>HepG2, while 7-days exposure caused
proliferation decrease, even at low concentrations, in all cell lines. HepG2 and A549 were
affect by 24h exposure to mid-high and high mixtures, while SH-SY5Y viability was decreased
even at low mixture exposure. Prolonged mixture exposure caused a marked inhibition of cell
proliferation and the sensitivity rank was inverted to HepG2>SH-SH5Y>A549.
Conclusions
Short and long-term cytotoxicity was dose, time, and cell line dependent. Statistical
differences between exposure to single and quaternary mixtures were found in some
conditions, emphasizing the importance of mixtures toxicity evaluation.
Summary
This study evaluates TiO2NP, CeO2NP, arsenic, and mercury single and joint toxicity
(quaternary mixtures) in A549, HepG2 and SH-SY5Y cells. Cytotoxicity was dose, time, and cell
line dependent, and certain mixtures magnified cell toxicity. Data from this work contributes
to understand the complex effects of joint toxicity of NP and metals in humans.

Keywords
Mixtures, Cytotoxicity, Nanoparticles, Metals, In-vitro
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TESTING AND RANKING THE REACTIVITY AND SOLUBILITY OF NANO- AND MICRO-SIZE
MATERIALS’ IN DIFFERENT CELL CULTURE MEDIA USING SENSOR DISH READER TM
Kofoed Jørgensen A1, Zanoni I2, Costa A2, Jensen K1
1NFA, Copenhagen, Denmark, 2ISTEC-CNR, Faenza (RA), Italy
Parallel Session 1.3 - Hazard Characterisation & Ranking, April 20, 2021, 12:00 - 13:10

Proper analysis and understanding of nanomaterials (NM) oxidative reactivity, causticity as
well as solubility and dissolution rate is important for interpretation of toxicological tests.
Such data are also suitable for grouping and risk ranking approaches. Since reactivity and
dissolution vary with test conditions, such data should be generated under well-defined and
controlled conditions. In particular, for in vitro studies, the solubility as well as oxidative
reactivity may vary with different test conditions and media used.
In this study, we tested eighteen nanomaterials for their caustic (dpH) and oxidative (dO2)
reactivity and 24-hour solubility in eight different cell incubation media under in vitro test
conditions (37 C; 5% CO2 air; 95%RH). We used a 24-well Sensor Dish ReaderTM method
(PreSens GmBH) allowing temporal monitoring of pH and O2 in the wells. Caustic and
oxidative reactivity were calculated as dpH = pH(material)-pH(reference) and dO2 = O2(material)O2(reference) for each time-point, respectively. The solubility in the in vitro incubation media
was determined by chemical analysis after immediate 5KDa centrifugation. An example of
the differences in temporal oxidative reactivity (dO2) in seven cell culture media is shown in
Figure 1 for Ag-Sigma-576832.
Results show that the method enables documentation and screening of the solubility and
time-resolved oxidative and caustic reactivity of the test materials during true in vitro test
conditions.

Figure 1: Example of the time-resolved dO2 reactivity of Ag-Sigma-576832, in seven cell
media (2=RPMI 1640 + 10% FBS, 3= RPMI 1640 (1X) + 10% FBS, 4= RPMI 1640 + RPMI 1640
(1X) + 10% FBS, 5= DMED (1X) with 4.5 g/L D-Glucose, L-Glutamine + 10% FBS, 6= Human
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Kupffer Cell Maintenance, 7= MEM NEAA (1X) with 1 g/L D-Glucose, 8= LHC-9. The reactivity
(dO2) is shown in colour gradient.
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A series of studies on the toxicity assessment of nanomaterials by using in vitro 2D and 3D
cell culture methods
Choi J1,2, Kwak M2, Kim I2, Lee T2, Heo M2
1Chungnam National University, Graduate School of Chemical Engineering, Daejeon
Metropolitan City, South Korea, 2Korea Research Institute of Standards and Science (KRISS),
Daejeon Metropolitan City, South Korea
Poster Session 2, April 20, 2021, 13:15 - 14:00
Because nanomaterials are used in various fields, toxicity evaluation is required according to
development and application. Although most toxicity assessments have been performed in
2D cell culture, there is a limitation in that toxicity cannot be accurately replicated in vivo
because the toxicity does not adequately represent the in vivo environment. To overcome
these limitations, a 3D cell culture method has been developed in an environment similar to
an in vivo system. In this study, we conducted a study comparing the toxicity of silica
nanomaterials in HepG2 cells composed of 2D and 3D. The 3D method also confirmed that
the toxicity difference is different depending on the number of cells or type of ECM. These
results could provide criteria for the assessment of the toxicity of nanomaterials in vitro
cells. This work was supported by the Nano Material Technology Development Program (No.
2016M3A7B6908929) of the National Research Foundation (NRF) funded by the Ministry of
Science and ICT.
Keywords
3D cell, ECM, nanoparticle, toxic
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A Weight of Evidence approach for the classification of NMs according to the CLP regulation
Basei G1, Zabeo A1, Tsiliki G2, Hristozov D1
1GreenDecision S.r.l., Venezia, Italy, 2ATHENA Research and Innovation Centre, Athens,
Greece
Poster Session 2, April 20, 2021, 13:15 - 14:00
Introduction
In the context of the GRACIOUS project we proposed a quantitative Weight of Evidence (WoE)
methodology for hazard classification of nanomaterials (NMs) by applying classification
criteria inspired by the European Regulation on Classification, Labelling and Packaging of
Substances and Mixtures (the ”CLP Regulation”), which implements the United Nations'
Globally Harmonized System of Classification and Labelling of Chemicals in the EU. The goal
of this approach was to use the available data to classify NMs, as relevant, according to CLP
endpoints, following the decision trees defined in ECHA’s CLP regulatory guidance.
Results
The proposed methodology involves the following stages:
- Collection of data for different NMs related to the endpoint of interest: each study
related to each NM is referred as a Line of Evidence (LoE). The analysis is performed
for each NM.
• Computation of weighted scores for each LoE: each LoE is weighted by a score
calculated based on agreed data quality and completeness criteria defined in the
GRACIOUS project. This score is then used as weight for each LoE.
• Comparison and integration of the weighed LoEs for each NM: A Monte Carlo
resampling approach is adopted to quantitatively integrate probabilistically the
weighted evidences.
• Assignment of each NM to a hazard class: according to the results, each NM is assigned
to one of the classes defined by the CLP regulation.
To facilitate the integration and the classification of the weighted LoEs, an R tool was
developed. Furthermore, the approach was tested against a CLP endpoint (Acute Aquatic
Toxicity) using data retrieved from the eNanoMapper database.
Conclusion
We proposed a four-stages quantitative WoE methodology for hazard classification of NMs
according to the CLP regulation, and we developed a tool implementing this methodology.
Finally, this approach and the tool were tested against a CLP endpoint: i.e. aquatic toxicity.
Summary
• We proposed a quantitative WoE methodology for hazard classification of NMs by
applying classification criteria inspired to the GHS and to the CLP Regulation.
• An R tool have been developed, implementing the methodology.
• As a proof of concept, our quantitative WoE approach and the tool were tested against
an endpoint relevant both to CLP regulation and GRACIOUS project, namely Aquatic
Toxicity.
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Accurate quantification in complex media - Radiolabelling as a versatile tool in nanosafety
research
Schymura S1, Hildebrand H1, Rybkin I1, Strok M2, Rijavec T2, Lapanje A2, Franke K1
1HZDR - Institute of Resource Ecology, Leipzig, Germany, 2JSI - Environmental Sciences,
Ljubljana, Slovenia
Poster Session 2, April 20, 2021, 13:15 - 14:00
Introduction
Accurate quantification of nanoparticles (NPs) in complex media remains a considerable
challenge when assessing the risk that manufactured nanoparticles pose for humans and
environment. The radiolabelling of nanoparticles is a valuable tool for conducting lab-studies
with realistic systems and realistically low NP concentrations. We present an overview of our
radiolabelling efforts with examples of their applications
Results
We have developed various methods of introducing radiotracers into some of the most
common nanoparticles, such as Ag, carbon, SiO2, CeO2 and TiO2 nanoparticles. The labelling
techniques are the synthesis of the nanoparticles using radioactive starting materials, the
binding of the radiotracer to the nanoparticles, the activation of the nanoparticles using
proton irradiation, the recoil labelling utilizing the recoil of a nuclear reaction to implant a
radiotracer into the nanoparticle, and the in-diffusion of radiotracers into the nanoparticles
at elevated temperatures. Using these methods we have produced [ 105/110mAg]Ag,
[124/125/131I]CNTs, [48V]TiO2, [139/141Ce]CeO2, [7Be]MWCNT, [64Cu]SiO2, [44/45Ti]TiO2, etc. for
accurate quantification in complex media at environmentally relevant low concentrations.
Conclusions
The nanoparticles labelled by our methods can be detected at minimal concentrations well in
the ng/L range even with a background of the same element and without complicated sample
preparations necessary. The methods are adaptable for a wide range of other nanoparticles.
The labelled particles have been successfully used in release studies, environmental mobility
studies, fate studies in waste water treatment and plant uptake studies and could provide a
valuable tool for accurate dose measurements in toxicity studies.
Summary
A library of radiolabelling strategies for the most common nanoparticles was developed that
allows accurate detection at low concentrations in complex media.
Keywords
radiolabelling, quantification, complex media
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Adapting histology methods to nanoparticle research; from detection to 3D histology volumes
Bogdanska A1,2, Gobbo O2,3, Volkov Y1,2,4, Prina-Mello A1,2,4
1Nanomedicine and Molecular Imaging Group, Trinity Translational Medicine Institute, Trinity
College Dublin, the University of Dublin, Dublin, Ireland, 2Trinity St James’s Cancer Institute,
Trinity College Dublin, the University of Dublin, Dublin, Ireland, 3School of Pharmacy and
Pharmaceutical Sciences, Trinity College Dublin, the University of Dublin, Dublin, Ireland,
4Laboratory of Biological Characterization of Advanced Materials (LBCAM), Trinity
Translational Medicine Institute, Trinity College Dublin, the University of Dublin, Dublin,
Ireland
Poster Session 2, April 20, 2021, 13:15 - 14:00
Introduction
Superparamagnetic Iron Oxide Nanoparticles (SPIONs) have attracted strong interest in
clinical applications over the past decades. However, as excessive accumulation of SPIONs
can result in toxic implications, a thorough evaluation of SPIONs-induced toxicity is crucial in
pre-clinical assessment.
Despite histopathological analysis being one of the gold standards for toxicity assessment of
nanoparticles, limited studies are available on quantitative analysis of iron content in the
tissues after staining. This is due to time consuming process of imaging and processing of
numerous images required to avoid statistical bias. Computerized segmentation provides a
solution to achieve consistent and accurate results with minimal user input.
Presented here is an automated image processing workflow for quantitative assessment of
SPIONs accumulation in tissue sections stained with Prussian blue for iron detection. We
utilized supervised machine learning (ML) with manually labelled features used for training
the classifier. The proposed approach provides time and cost-effective solution for
quantitative imaging analysis of SPIONs in tissue with a precision similar to that obtained via
thresholding method for stain quantification. Furthermore, it allows to generate segmented
3D volumes from histological slides.
Results
Iron accumulation in liver was significantly higher in comparison to control from 3 hours up
to 72 hours post injection. No significant increase at any time point was seen in lungs and
kidneys.
3D volumes representing distribution of SPIONs in liver, lung and kidney were obtained
using ML within a fraction of what was previously required using manual segmentation. This
enabled visualization of particles which were obscured in original 3D histology stacks.
Conclusions
Our approach offers a powerful tool for preclinical assessment of the precise tissue specific
SPIONs biodistribution, which could affect both their toxicity and efficacy as nanocarriers for
medicines.
This study has been funded, in parts, from the European Union’s HORIZON 2020 Framework
Programme under Grant Agreements No. 685795.
Keywords
SPIONs, 3D histology volumes
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Assessing a national nanotechnology infrastructure for enforcing nanosafety in consumer
food
McCarron E1,2, Chambers G1
1Technological University Dublin , Dublin, Ireland, 2State Laboratory, Celbridge, Ireland
Poster Session 2, April 20, 2021, 13:15 - 14:00
Assessing a national nanotechnology infrastructure for enforcing nanosafety in consumer
food.
Introduction: The Food Safety Authority of Ireland (FSAI) is responsible for the enforcement
of food legislation in Ireland. In 2008, the FSAI carried out an assessment of the potential
risks associated with nanotechnologies in the food and feed industries of Ireland. In 2013
Safefood commissioned a follow-up study, identifying applications, opportunities and
challenges to the implementation of nanotechnology on the Irish market. This research
examines the recommendations from both reports and how Exchequer investment has been
used to develop the physical infrastructure and the human capital.
Results and Conclusions: An overview is presented of the Irish research funding landscape
and how it was utilised to help develop the national capacity and infrastructure in response
to recommendations made by the FSAI and other reports. Exchequer funding in Ireland from
2007 to date has been significant, with a total investment of more than €30 billion in R&D.
In 2017 alone Irish government expenditure for nano-related R&D was €48.6m i.e. 1.4% of
all funding for that year. On closer analysis however, results indicate that funding directed
towards research in agriculture accounts for less the 5% of the total investment from 20072016. These results highlight the potential challenges involved in enforcing nanofood
legislation.
Pertinent Results and Conclusions: It is clear that the recommendations made by the FSAI
and Safefood were not central to decision making processes, with the agrifood sector
accounting for only 4% of the total Exchequer funding. However, funding to the wider
nanotechnology area has developed a significant level of expertise and infrastructure
capable of upskilling and adaption to help service the agrifood sector and underpin nanorisk assessment activities on the island of Ireland. Future considerations on engagement of
the wider nanotechnology community via open communication channels now needs to be
addressed to take advantage of the investment.
Keywords
Nanotechnology, Research Infrastructure, Funding, Nano-food
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Behaviour of lung cells under mechanical strain
Rohrbasser A1, Bannscher A1, Nossa R2, Petri-Fink A1, Ahluwalia A2, Rothen-Rutishauser B1,
Keshavan S1
1Adolphe Merkle Institute, University of Fribourg, Fribourg, Switzerland, 2Research Center “E.
Piaggio”, University of Pisa, Pisa, Italy
Poster Session 2, April 20, 2021, 13:15 - 14:00
Introduction: Within the EU H2020 project PATROLS an advanced system called DALI
(Dynamic model for ALveolar Interface) was developed to study biological effects of lung cells
under breathing conditions. It is a modular bioreactor composed of two chambers divided by
a permeable membrane, on which epithelial lung cells can be cultured. It combines several
advantages like an air-liquid interface (ALI), cell culture media flow to simulate blood flow,
lung breathing by stretching of the membrane and an aerosol deposition system for
exposures.
Results: The membranes were manufactured by electrospinning and are composed of
Bionate® that is highly biocompatible and stretchable. Cell culture experiments were started
using the human alveolar epithelial cell line A549 on pure and coated membranes to optimize
cell growth. Cells grew optimally under submerged conditions but overall with more
reproducibly of confluency on the coated membranes. Based on these results, it was
continued with rat-tail collagen (RTC) coated membranes. It was observed that, if the
cultivation period was longer than 3 days (d) at ALI, the cells started to grow in multilayers.
Thus, optimal cell growth was found for culturing 1d submerged and 2d at ALI.
Conclusion: A549 cells are well suited to be cultured in DALI-bioreactor and a confluent cell
layer could be obtained that was also stable during stretching conditions mimicking breathing.
In further experiments, A549 cells will be exposed to aerosolized DQ12, TiO 2 NM-105, LPS
(positive inflammatory control) and water (negative control) in DALI-bioreactor with and
without stretching/breathing. Thereafter, cytotoxicity, inflammation and oxidative stress
endpoints as well as particle uptake/interactions will be investigated. We aim to present the
results on the NanoTox2021.
Summary: The DALI-bioreactor is an advanced tool to study biological effects of cells under
stretching and for investigation of aerosolized particle interactions with lung cells. This work
is funded by EU-project PATROLS.
Keywords
bioreactor, dynamic alveolar Invitro model

60 | P a g e

Bringing Nanosafety expertise from research to industry via training
Steck J1, Philippot C1, Artous S1, Pellegrin B1, Derrough S1
1Univ. Grenoble Alpes – CEA Grenoble, DRT, NanoSafety Platform, Grenoble, France
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Introduction
During the last decade, progress in nanosafety has allowed to mitigate and control the risk
induced by using nanomaterials. Even if nanoform hazards are still mostly unknown, means
of prevention to be implemented in order to protect workers are well established [1] [2].
Besides, specific risk assessment methods exist [3] [4]. However, industries are not fully aware
of this emergent risk and the associated mitigation strategies. The popularisation of
nanosafety and especially nanosafety training is thus crucial in several fields.
Results
CEA, as a nano-measurement campaign expert is involved in three projects where nanosafety
trainings are developed. The campaign results are integrated in global risk management
systems to overcome the lack of nano-specific regulation. These successful feedbacks
provided the basis of all the trainings.
Firstly, LILIAM, Lifelong Learning in Additive Manufacturing (AM), aims to tackle the lack of
multidisciplinary competences by setting up an European professional training programme
for operators, specialists, engineers and managers in the field of AM technologies. An entire
chapter of this training is dedicated to Nanosafety.
Secondly, an e-learning dedicated to Environment Health and Safety (EHS) and nanosafety in
construction industry is developed in ENDURCRETE project.
Lastly, following nano-measurement campaigns (EN17058) performed in the frame of
BIORIMA project, nanosafety trainings were given in healthcare companies (activities related
to dental prosthesis and lipidots synthesis). These trainings were specifically developed using
the measurement campaign results, and tailored to the nanosafety awareness of the
companies.
Conclusions
Making industries aware of the available nanosafety tools, method and means of prevention
is crucial to avoid health and safety issues. Specific trainings should be developed for industry
sector, professional workers as well as beginners in occupational health and safety issue.
Through different EU projects, the CEA Nanosafety Platform currently develops specific
training to bring existing resources to their intended industrial users.
Acknowledgment
LILIAM project has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union; under the Horizon 2020, the EU Framework
Programme for Research and Innovation.
ENDURCRETE project has received funding form the European Union’s Horizon 2020 research
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Changes in pigment composition reveal mode-of-action of nanomaterials in algal toxicity
tests
Skjolding L1, Sørensen S1, Hjorth R2, Schlüter L3, Hedberg C1, Hartmann N1, Baun A1
1Technical University of Denmark, Kgs. Lyngby, Denmark, 2Danish Environmental Protection
Agency, Odense, Denmark, 3DHI, Hørsholm, Denmark
Poster Session 2, April 20, 2021, 13:15 - 14:00
Introduction
The algal growth rate inhibition tests frequently used in regulatory ecotoxicology offer
limited insights in the actual modes-of-actions of engineered nanomaterials (ENMs) on
algae. ENMs are physical entities that may interact differently with test organisms than
dissolved chemicals. For instance, shading effects of ENMs have frequently been mentioned
as a possible reason for effects observed or as a confounding factor masking the actual
mode-of-action of ENMs in algal tests. In this study, we hypothesized that the shading
effects of ENMs may be accurately accounted for by changes in algal pigment compositions
as a response to changes in light conditions.
Results
In a series of experiments we determined the changes in pigment composition of the green
microalga R. subcapitata when cultivated at different light intensities and when exposed to
ENMs (TiO2, FeHO2 and CeO2).
Overall, the experiments showed that changes in algal pigmentation is a very sensitive
endpoint to reveal if shading occurs. The effects on pigmentation are observed before
inhibition of growth occurs. This was clearly shown for the screening compounds using a
concentration causing very low or no inhibition and still resulting in changes in pigment
composition. It was found that the analysis of pigments during algal testing directly gives
information on the obstruction of the vital energy reactions of the algal cell. Consequently,
the pigment method gives an understanding of the mode of action of toxicants in algal tests.
Summary and Conclusions
This study justifies that the pigment identification and quantification may account for shading
effects caused by ENMs. Furthermore, pigment composition can be used as a precursor for
evaluating the level of stress in the algae even at non-inhibitory concentrations. Additionally,
it is proposed that the commonly used setup can be improved by shortening the light paths
during incubation to reveal ENM mode-of-action in algae.
Acknowledgement
The research was kindly supported by PATROLS – Advanced Tools for NanoSafety Testing,
Grant agreement 760813 under Horizon 2020 research and innovation programme
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Characterisation of an air-liquid-interface aerosol-exposure system to facilitate hazard
identification of nanoparticle exposure in human relevant culture models
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Introduction
With extensive development and expansion of nanotechnology, the increasing use of
engineered nanomaterials has raised concerns about the potential for harmful effects on
exposure in humans, especially through the inhalation route. To date, the majority of
experimental modelling to identify specific inhalation hazards of nanomaterials have used
rodent models, which do not fully capture potential human relevant toxicity effects, or
submerged in vitro models, which do not fully reflect initial cell-particle interactions
following deposition in the lung. However, recent advances in in vitro modelling have seen
systems developed which combine ‘inhalation-like’ nano-sized aerosol deposition with
relevant human cell and tissue cultures. Whilst offering potential benefits in terms of more
realistic hazard identification, such systems can be complex to operate and sensitive to
details of set-up and operating parameters and as such detailed characterization of these
systems is important to ensure robust and repeatable results.
We have established an air-liquid-interface aerosol-exposure (ALI-AE) system.
Characterisation of the effects of variations in several system exposure parameters,
including air flow and exposure duration, were performed using human lung alveolar and
airway epithelial cells. The effect of system parameters on nanoparticle deposition patterns
were also explored using laser ablation ICP-MS. More advanced organotypic reconstituted
3D human lung cellular cultures, which were identified as important targets for
nanomaterial deposition in vivo, were also used to explore for any adverse effects.
Results
System parameters, including exposure duration, have a significant effect on cell cultures,
the extent of which varies with culture type. Nanoparticle deposition patterns also vary with
system parameters and laser ablation ICP-MS is an excellent technique to explore this.
Conclusions
Detailed characterisation of ALI-AE systems is important to facilitate hazard identification of
nanomaterial exposure in human relevant culture models.
Keywords
inhalation, air-liquid-interface, cell, aerosol, exposure
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Introduction: Determination of protein corona on nanoparticles (NPs) is essential, as it drives
NP biological fate. Carbon dots (CDs) are emerging NPs with tremendous applications,
especially in the biomedical field, including drug delivery, bioimaging and theranostics.
Herein, we characterized the protein corona formed on CDs in presence of bovine serum and
the impact of NP surface chemistry on this formation. Four CDs with various amino-groups at
their surface, resulting in different zeta potential and charge density (µmol of amine/mg of
material), were used: CD-PEI25k (+37.3 mV; 2.30 µmol/mg), CD-PEI600 (+31.8 mV; 4.70
µmol/mg), CD-PEHA (+29.2 mV; 3.25 µmol/mg) and CD-DMEDA (+11.1 mV; 0.01 µmol/mg).
The respective protein coronae were analyzed by label-free MS-based quantitative
proteomics.
Results: Approximately 500 proteins were identified on each CD. Analysis of their intrinsic
properties showed that these proteins are predominantly hydrophilic, negatively charged and
from heterogeneous size. Proteins conserved across the 4 CDs (222 proteins) are particularly
involved in the blood system biological process (complement activation, acute-phase or blood
coagulation), internalization and transport processes (phagocytosis, endosomal transport,
lysosomal transport), defense (response to stress or stimulus) and immune responses, or cell
death (necroptosis). Remarkably, depending on the surface chemistry of the CDs, some
specific proteins were found, such as proteins involved in oxidative stress and NF-kB
activation (CD-PEI25k), ferroptosis (CD-PEI600), golgi and endoplasmic reticulum transport
(CD-PEHA), or autophagy (CD-DMEDA).
Conclusions: We characterized for the first time the protein corona formed on cationic CDs
exhibiting different surface charge characteristics. Both conserved and specific proteins
across the NP series investigated were identified. These protein corona signatures will be put
in relation with the biological effects of the NPs.
Summary: Protein corona is formed around cationic CDs in the presence of bovine serum.
Protein identity of this corona varies according to the surface charge characteristics of the
NPs.
Keywords
Nanoparticles, Corona, Surface chemistry, Proteomics
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Copper nanoparticles trigger lysosome-dependent, non-apoptotic cell death in murine
macrophages: evidence for cell death by cuproptosis
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Introduction: Copper oxide (CuO) nanoparticles are known to trigger cytotoxicity and
previous studies have suggested that oxidative stress plays a major role. However, the actual
mechanism of cell death remains undisclosed. We hypothesized that lysosomes, important
components of the cellular degradation machinery, play a role as the acidic environment of
these organelles may drive the biotransformation of metal or metal oxide NPs.
Results: Using the murine macrophage cell line RAW 264.7 as a model, we could demonstrate
the presence of CuO NPs in membrane-bound vesicles, most likely lysosomes. Furthermore,
inductively coupled plasma optical emission spectroscopy (ICP-OES) analysis confirmed a
significant increase in the copper concentration in lysosomes isolated from exposed cells. We
also noted a near complete dissolution of CuO NPs in simulated phagolysosomal fluid, as
determined by ICP-OES. At the cellular level, pharmacological inhibition of lysosomal
acidification using bafilomycin A1 or chelation of copper ions using tetrathiomolybdate (TTM)
significantly protected against CuO NP-triggered toxicity. On the other hand, pharmacological
inhibitors of known modes of cell death (apoptosis, necroptosis, ferroptosis) did not prevent
cell death in CuO NP-exposed cells. We also obtained evidence of oxidative stress, i.e.,
reactive oxygen species (ROS) production, induction of heme oxygenase 1 (HO-1) expression,
and a dissipation of cellular glutathione levels, and cells were rescued by supplementation
with N-acetyl cysteine.
Conclusion: Our results demonstrate a role for lysosomes in CuO NP-induced cell death and
provide evidence for a non-apoptotic mode of cell death designated here as cuproptosis.
Acknowledgements: The work was supported by the Swedish Foundation for Strategic
Environmental Research through the MISTRA Environmental Nanosafety programme. The
test materials were obtained through the European Commission-funded Seventh Framework
Programme project, SUN (‘sustainable nanotechnology’) (grant agreement no. 604305).
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Dissolution of nanomaterials in cascaded gastrointestinal simulants and the physiological
role of digestive enzymes: criteria to establish gold standard dissolution method for
grouping approaches
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Introduction. The dissolution of different nanomaterials (NMs) in vitro may be a useful
predictor of their biodurability in vivo. If the NM quickly degrades into a non-nanomaterial
form (e.g. ions) in artificial simulant gastrointestinal (GI) juices, then read-across to the
solubilized form can be used to predict systemic toxicity. However, dissolution is a kinetic
process governed by complex equilibria, where physical chemical parameters related to the
NM itself and simulant juice can affect the entire process. Currently, for ingested NMs, the
cascaded addition of simulant juices (e.g. saliva, stomach and intestine) is the most applied
method to simulate oral digestion in vitro. However, a plethora of different juices including
various molecular components (inorganic/organic/biomacromolecules) is applied with no
clear indications whether their presence actually impacts on dissolution. In this work, we
performed a systematic investigation of GI juice formulations, starting from standardized
compositions (i.e. ISO/TR 19057 or DIN 19738) that were progressively simplified (e.g.
removal of enzymes, organic components, and so forth) to generate juice sub-groups. The
dissolution was then measured using three case studies, zinc oxide (ZnO), titanium dioxide
(TiO2) and silicon dioxide (SiO2) NMs. Results and Conclusions. Results indicate that the
complete juice (with enzymes) augments the NM dissolution by measurable factors. Insights
on the mechanism of action of digestive enzymes suggest they play a direct role in
sequestering ions, thus accelerating the dissolution process. Summary. We demonstrated
that dissolution may be an effective physical parameter to predict NM behavior, allowing
different NMs to be grouped according to their biotransformation in the GI tract (i.e. quick,
partially and slow dissolution). Finally, analytical criteria are elaborated to establish valid
dissolution method to compare NMs for grouping purposes.
Acknowledgement – GRACIOUS is funded by the European Commission, Grant Agreement
760840.
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Introduction
The production, diversity and use of engineered nanomaterials (ENMs) increases globally as
the market and number of applications for ENM expands. Silver (Ag), zinc (Zn) and titanium
dioxide (TiO2) ENMs are among the most widely used in industrial processes and consumer
products leading to increased releases to wastewater treatment plants (WWTP) from
domestic and industrial sources. Material flow analyses suggest that landfills or agricultural
soils and sediments are the main receiving compartments for ENM, depending on the
application and ENM type. However, knowledge on the fate and transformation of ENMs in
WWTP biosolids following their use as fertilizer on agricultural land, their impacts on soil
and sediment ecosystems released through run-off after land-application are only poorly
understood.
Project Aim
ENTRANS aims to improve the understanding of the behavior and physicochemical
transformation processes impacting ENM in different environmental media (wastewater,
biosolids, soil, sediment) and how this transformation influences ENM bioavailability,
bioaccumulation and toxicity in organisms from receiving environments considered to be
the final sinks for ENMs, soil and sediments.
Approach and Expected Results
The ENTRANS project will follow and characterize the physicochemical transformation of
ENMs in WWTP and environmental compartments. Using isotopically labelled Ag, Zn and
TiO2 ENMs, the transformation and further impact of these particles, including
bioavailability, bioaccumulation, biodistribution and toxicity, will be tracked and studied
using relevant in vitro and in vivo models to provide a better understanding of the link
between transformation, uptake and observed toxicity. Existing guidelines will be improved
to incorporate environmentally relevant exposures and toxicity endpoints of regulatory
relevance and novel bioassays will be developed. The transformation, exposure and toxicity
data will be carefully generated so that the obtained results can be integrated into
computational fate and exposure models and a risk assessment can be performed.
Keywords
nanomaterials, sediment, terrestrial, wastewater, effects
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Experiences with a higher tier test design simulating environmental fate and effect of
medical products after the use phase.
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Introduction
Nanomedicine is of growing interest, as the nanoscale materials exhibit new possibilities.
Excretion of biomaterials such as nanocarrier drug delivery systems cannot be excluded.
With sewage they end up in wastewater treatment plants (WWTP) and released into the
environment via effluent or sewage sludge used as fertilizer. Although transformations
cannot be excluded, this pathway is not considered in the current risk assessment.
We simulated fate and effect of biomedical products after excretion. AuNPs designed for
various medical applications and its dispersant were used as influent for model WWTP
(OECD 303A). The effluent was used for aquatic studies. For the terrestrial studies sewage
sludge was mixed with soil.
Results
Terrestrial invertebrates and soil microorganisms were suitable test organisms for the
soil/sludge mixtures. Effects on the soil microbial population were determined by functional
as well as by genomic tests. In more generation-tests with enchytraeids and collembola
effects of the medical product were noticeable and not detected using the standard test
approach. Earthworms died in accumulation studies when sewage sludge exposure was
made via food source. The effluent killed the fish cells, even after exchange of the liquid by
cell media. Tests with daphnids revealed no negative acute impact.
Conclusions
A higher tier testing approach simulating fate and effect of biomedical products after their
use phase was successfully implemented. Sewage sludge as sole food for earthworms and
fish cells require further considerations.
Summary
Excreted and potentially transformed bionanomedical products can enter the environment
by the effluent of WWTP and by sorption to sewage sludge used as fertilizer. For a higher
tier testing, investigation of sewage sludge/soil mixtures and effluent is recommended as it
captures most entry sources and targets. Limitations in the amount of sewage sludge and
peculiarities of the test organisms regarding the test conditions must be taken into account.
Keywords
higher tier, ecotoxicity, fate, wastewater

69 | P a g e

Hazard assessment of graphene related materials (GRMs) and released particles from GRMreinforced composites in human macrophages on a cellular and molecular level
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Introduction
GRMs are extensively explored for a wealth of novel products including GRM-reinforced
polymers or biomedical applications. However, reports of adverse bioresponses have raised
concerns and underline the need to better understand GRM-associated hazard risks along the
products' life cycle. To fill this knowledge gap, we evaluated the toxicity of pristine GRMs
(graphene oxide (GO), graphene nanoplatelets (GNP), reduced GO) in human THP-1
macrophages including a transcriptomics profiling in THP-1 and primary monocyte-derived
macrophages. In addition, we quantified the release of GRMs (free-standing or protruding)
and toxicity of abraded particles from GRM/epoxy composites after mechanical abrasion.
Results
With the exception of one type of GNPs, the GRMs analyzed here did not induce cytotoxicity,
oxidative stress or pro-inflammatory responses in macrophages. However, we found a
considerable deregulation of gene expression induced by GO and GNPs in a material-, time-,
dose- and cell type-specific manner. For instance, GNP elicited a pronounced inflammatory
and apoptotic gene signature while GO induced expression of genes from neutrophil
activation, degranulation and immunity. Abraded particles from GRM/epoxy composites
showed a significant fraction of GRM release but they did not induce any acute cytotoxic
effects in THP-1 macrophages.
Conclusions
Our results reveal a limited acute toxicity of GRMs in human macrophages with slightly higher
responses to GNPs than GO. However, we found that both GRMs induced considerable
transcriptional changes in immune/inflammatory pathways in macrophages. This highlights
the need for further studies on the long-term health consequences of GRM exposure to
humans as well as on the possible interference of GRMs with immune responses to
pathogens/xenobiotics. Overall, we provide novel insights into the structure-activity
relationship of GRMs in macrophages and the toxicity of released materials form GRM-based
products, which are essential for the safe and sustainable design and use of these promising
materials.
Keywords
graphene-related-materials, nanocomposites, nanosafety, macrophages, transcriptomics
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Impact of differentiated macrophage-like cells on the toxicity profile of CuO nanoparticles in
lung epithelial cells
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Introduction
To mimic more realistic lung tissue conditions, co-cultures of epithelial and immune cells are
one comparatively easy-to-use option. To reveal the impact of immune cells on the mode of
action of CuO NP on epithelial cells, A549 cells as model for epithelia cells have been cultured
in mono- and co-culture together with differentiated THP-1 cells as model for macrophages.
After 24 h submerged incubation, cytotoxicity (ATP assay, Relative Cell Count (RCC)) and
toxicity profiles using high-throughput RT-qPCR were obtained and compared between the
two cell culture systems. The applied RT-qPCR system comprised 95 custom-designed genes
clustered in groups, including fibrotic markers, inflammatory markers, metal homeostasis,
and oxidative stress response.
Results
Dose-dependent cytotoxicity was apparent starting from 25 µg/mL CuO NP. Interestingly, the
monoculture (A549) was less susceptible to CuO NP compared to the co-culture (A549 + THP1) regarding ATP content, but there was no difference evident at RCC. For gene expression
analysis, three doses of comparable cytotoxicity were used. No differences between the cell
models were observed with regard to impaired metal homeostasis, oxidative stress, and DNA
damage. However, inflammatory markers exerted cell model dependent results. Specifically,
the co-culture revealed an enhanced expression of IL-1a and IL-6, while CCL22 and IL1-b
expression were decreased.
Conclusions
Both cell models confirmed the known mode of action of CuO NP. Briefly, this involves
endozytotic particle uptake, intracellular particle dissolution within the lysosomes, increased
oxidative stress, and genotoxicity. However, using a co-culture of epithelial and macrophagelike cells CuO NP additionally provoked an inflammatory response.
Summary
This study shows that the application of easy-to-use advanced in vitro models is able to extend
the detection of cellular effects provoked by nanomaterials by an immunological response
and emphasizes the use of such models to address a comprehensive mode of action using in
vitro models.
Keywords
co-culture, copper oxide, toxicity profile
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conditions; quantification of cellular uptake
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Introduction
Various mechanisms of zerovalent iron nanoparticles (nZVI) effect on bacteria have been
investigated. Contributing to this field, we focused on the interaction of bacteria and nZVI
by its quantification on soil bacterial cells via a single-cell inductively coupled plasma mass
spectrometry (ICP-MS) technique. Besides, a single-particle ICP-MS technique was used to
quantify the dissolution profile of the particles in the bacterial culture media, physiological
saline (NaCl 0.89%) and phosphate-buffered saline (PBS). Two soil bacterial models Gramnegative Pseudomonas putida (aerobic) and Gram-positive Clostridium perfringens
(anaerobic) were exposed to 100 mg L-1 of reactive nZVI and non-reactive magnetic
nanoparticles (nFe3O4).
Results
Our primary results showed that concentration of dissolved iron from nZVI was higher in the
anaerobic (90 µg L-1) than in the aerobic conditions (< 5 µg L-1) during 24h-exposure in NaCl
0.89%. Correspondingly, nZVI and nFe3O4 particles less aggregated in the absence of oxygen.
The interaction of bacteria with nZVI and nFe3O4 was also confirmed under a transmission
electronic microscopy. Consequently, number of bacterial colonies of P. putida and C.
perfringens were reduced compared to the controls after 24h-exposure.
Conclusions
Currently, the nZVI particles released higher concentrations of dissolved iron forms in the
anaerobic conditions and tended to show a positive effect on soil bacteria.
Summary
Later on, the nZVI attached on bacterial cells will be analyzed to obtain a full conclusion of
this study.
Keywords
nZVI, bacteria, ICP-MS, aerobic, anaerobic
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Investigations of acute effects of polystyrene and polyvinyl chloride micro- and nanoplastics
in an advanced in vitro triple culture model of the healthy and inflamed intestine
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Introduction
The continuous degradation of plastic waste in the environment leads to the generation of
micro- and nanoplastic fragments and particles. Due to the ubiquitous presence of plastic
particles in natural habitats as well as in food, beverages and tap water, oral exposure of the
human population with plastic particles occurs worldwide. We investigated acute
toxicological effects of polystyrene (PS) and polyvinyl chloride (PVC) micro- and nanoparticles
in an advanced in vitro triple culture model (Caco‑2/HT29‑MTX‑E12/THP‑1) mimicking the
healthy and inflamed human intestine to study the effect of inflammatory processes on plastic
particle toxicity.
Results
We monitored barrier integrity, cytotoxicity, cell layer integrity, DNA damage, the release of
proinflammatory cytokines (IL‑1β, IL‑6, IL‑8 and TNF‑α) and mucus distribution after 24 h of
particle exposure. Amine-modified polystyrene nanoparticles (PS‑NH2) served as a positive
control for particle-induced toxicity. No acute effects in the investigated endpoints were
observed in the model of the healthy intestine after PS or PVC exposure. However, during
active inflammatory processes, exposure to PVC particles was found to augment the release
of IL‑1β and to cause a loss of epithelial cells.
Conclusions
Our results suggest that prevalent intestinal inflammation might be an important factor to
consider when assessing the hazard of ingested micro- and nanoplastic particles.
Summary
We tested the hypothesis whether an intestinal inflammation could alter the toxicity of
ingested micro- and nanoplastics in vitro. In the case of PVC microparticles, exposure during
a prevalent inflammation lead to increased pro-inflammatory reactions.
Keywords
Microplastics, Nanoplastics, Inflammation, Cytokines
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Investigations of possible health impacts of submicron- and nanoplastic particles after oral
uptake in vitro
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Introduction
The production of plastics has increased in recent years. Thus, particles in the form of microand nanoplastics enter the food chain. Due to limited availability, previous research has
mainly focused on polystyrene particles in the micrometer range. Published data regarding
orally absorbed microplastics show that particles smaller than 1.5 µm might be bioavailable
and cross the gastrointestinal barrier. With regard to the risk assessment of especially
nanoplastics, hardly any scientific data on toxicologically relevant endpoints and
gastrointestinal absorption are available. Due to its small size, nanoplastics might be able to
overcome the gastrointestinal barrier more effectively than microplastics and thus show
increased bioavailability. In addition, particles can serve as carriers for pollutants from the
environment. Meanwhile, there is significant progress in the production of nanoparticles in
small size distributions and, with labeling options.
Different in vitro methods are used to examine mechanisms of these particles after oral
absorption. For this purpose, effects of food-relevant materials (e.g polyvinylchloride,
melamine resine, metacrylate, polylactic acid) are investigated in relevant submicron or
nanoscale ranges.
Results
By using in vitro Transwell® systems that represent different aspects of the intestinal barrier,
studies on the uptake and transport of submicron- and nanoplastics via the gastrointestinal
tract are conducted. These systems are able to display different aspects of the intestinal
barrier, for example M-cells or mucus-producing cells. Therefore, Caco-2 cells are cocultivated with e.g. Raji B cells or HT29-MTX cells. Furthermore, possible effects of
nanoparticles after incubation with intestinal or liver cells are investigated
(apoptosis/necrosis, oxidative stress, inflammation, adsorption of pollutants).
Conclusion/Summary
As the BfR is interested in investigations of impacts of plastics on human health, these
experiments give a first impression on possible risks of submicro- and nanoplastics and help
to discriminate between the mode of action of particles in micrometer and nanometer sizes.
Keywords
nanoplastics, gastrointestinal tract, in vitro
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Introduction
The role of surfactant proteins A and D (SP-A and SP-D) on lung clearance and translocation
to secondary organs of inhaled nanoparticles was investigated by exposing SP-A and SP-D
genetic knockout (SP-AKO and SP-DKO) and wild type mice nose-only for 3 hours to an aerosol
of 20nm gold nanoparticles (AuNPs). Individuals were sacrificed at 0, 1, 7 and 28 days postexposure.
Results
Analysis by inductively coupled plasma mass spectrometry (ICP-MS) of the liver, spleen and
kidneys showed that any extrapulmonary translocation was below levels of detection. Single
particle ICP-MS allowed particle counting and sizing of AuNPs in the lungs. Imaging of the
lungs by laser ablation ICP-MS and TEM confirmed the homogenous distribution of AuNPs and
their uptake by cells. Coherent anti-stokes Raman Scattering and Second Harmonic
Generation were applied for semi-quantitative analysis of the uptake of AuNPs into alveolar
macrophages from bronchoalveolar lavage fluid. The uptake of AuNPs by macrophages
increased with time post-exposure, peaking after 7 days, and with the largest increase in
uptake being in wild type mice. The AuNP uptake by macrophages was found to be inversely
proportional to the AuNP number concentration in the lungs. For all groups the Au lung
burden decreased by approximately 75% from day 0 to 28 post exposure and the average
particle size in the lungs increased, although this increase was slightly less in SP-DKO mice.
Conclusions
Differences in the biological half-life were observed depending on the metric used. The
clearance rate for the SP-DKO mice was faster than that for SP-AKO and wild type mice when
considering the total Au lung burden, whereas the rate of clearance was slower when particle
number concentration was used as the metric.
Summary
Overall these findings suggest that SP-D plays a role in opsonisation which influences particle
size and therefore lung clearance.
Keywords
nanoparticles, inhalation, translocation, spICP-MS
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Size effects of Silver & Gold Nanoparticles on Lung Cells : A Nanotoxicology investigation
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Introduction
Nanotoxicology studies are not conclusive about the cytotoxicity of nanoparticles (NPs) as the
biological responses are predominately influenced by NPs’ different physiochemical
properties which are often are not well characterised. This study investigates the cytotoxicity
of spherical silver (AgNPs) and gold (AuNPs) nanoparticles (NPs) of different sizes (10,40 and
80nm) following their 24hours exposure to normal lung fibroblasts (MRC-5) and lung
adenocarcinoma (A549) cells.
Results
On A549 cells, the IC50 of Ag10 and Au10 was found to be 11.7 and 42.2µg/ml respectively;
which suggests that AuNPs are safer than AgNPs. The smaller sizes (10,40nm) of AgNPs and
AuNPs show more cytotoxicity in comparison to their bigger counterparts (80nm). Apoptotic
cell death was detected in a size- and concentration-dependent manner following exposure
to AgNPs on A549 & MRC-5 cells. Induction of oxidative stress was observed with all sizes of
AgNPs on both cell lines, while AuNPs showed an increase in reactive oxygen species (ROS)
generation only at the highest concentration (40µg/ml). In addition, AgNPs mediated
glutathione depletion in a size-dependent pattern following their exposure to MRC-5 and
A549 cells, whereas AuNPs promoted a depletion of glutathione at the highest concentration
(40µg/ml) on both cell lines which correlates with the detected ROS levels.
Conclusions
Our findings demonstrate that the size of NPs can influence their interaction with cells.
Smaller AgNPs sizes (10 and 40nm) show detrimental effects on both lung cell lines. Overall,
AuNPs demonstrate good safety profile comparing to AgNPs of the same size.

Summary
The toxicological profile of NPs may not only be influenced by their physiochemical properties
(such as size) but also their chemical composition. It is therefore important that a systematic
nanotoxicology framework is established to validate current nanotoxicology literature. This is
crucial especially if these NPs are to be used in biomedicine.
Keywords
nanoparticles, nanotoxicity, physicochemical properties
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Introduction
Titanium dioxide (TiO2) nanoparticles are important industrial nano-objects with broad
applications, including as photocatalysts and sunscreen components. Although the small
size of the TiO2 nanoparticles are useful in various applications, the biosafety of this material
needs to be evaluated.
Results
In this study, we investigated the cytotoxicity of TiO2 nanoparticles according to the
presence or absence of UV irradiation in human keratinocyte HaCaT cells. TiO 2 nanoparticles
did not affect the viability of HaCaT cells without UV irradiation. However, UV irradiatedTiO2 nanoparticles increased lactate dehydrogenase (LDH) leakage and decreased cell
viability. Also, reactive oxygen species (ROS) production and lysosomal membrane damage
were induced in HaCaT cells by the TiO2 nanoparticles with UV irradiation, but not TiO2
nanoparticles alone. These results indicated that exposure of TiO2 nanoparticles with UV
irradiation caused cytotoxicity in HaCaT cells via oxidative stress and lysosomal membrane
damage.
Conclusions
Therefore, the possibility of photocytotoxicity should be considered when evaluating the
safety of cosmetics for UV protection containing TiO2 nanoparticles.
Summary

Keywords
TiO2, UVA, ROS, LMP, phototoxicity

77 | P a g e

Toxicity profiling of particular and fibrous nanomaterials using High-Throughput RT-qPCR
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Introduction
Nano-scaled metals and their compounds can cause lung toxicity, including inflammation.
Considering the increasing use of fibrous nanomaterials (NM), we investigated the impact of
Cu, Ni, and Ag NM in granular (NP) and fibrous (NW) shape on human alveolar epithelial cells
(A549) using transcriptional toxicity profiles. A custom-designed high-throughput RT-qPCR
method was used, including gene clusters coding for oxidative stress response, apoptosis as
well as inflammatory and fibrotic markers.
Results
Cu provoked a strong dose-dependent induction of inflammation, oxidative stress, and metal
homeostasis related genes, with comparable effects for both morphologies. Compared to Cu,
the impact on gene expression was less pronounced for Ni NM, with similar genes being
affected. Here, the dose-dependent impact on transcription profiles of Ni-based NM at
comparable doses was mostly similar for NP and NW, with the exception of IL8, where NW
provoked a stronger response. Regarding Ag-based NM, especially metallothionein-coding
genes were upregulated, with Ag NW showing more pronounced effects, indicating
intracellular bioavailability of Ag ions. Moreover, a slight induction of oxidative stress-related
genes was seen for both, NP and NW.
Conclusion
Even though cytotoxicity was different for the two morphologies of Cu and Ni NM, similar
doses lead to comparable toxicity profiles. However, Cu NM revealed a stronger
transcriptional response. Regarding Ag NM, NW led to a more pronounced effect than NP.
Especially the upregulation of metallothionein-coding genes indicates an increased
intracellular release of Ag ions by Ag NW compared to NP.
Summary
Cu and Ni NM induced the transcription of inflammation, oxidative stress, and metal
homeostasis related genes, however the effect of Cu was more pronounced. At comparable
doses, no clear difference between the morphology of Cu- or Ni-based NM was observed. In
contrast, Ag NW showed a stronger effect on metal homeostasis related genes compared to
Ag NP.
Keywords
toxicity, RT-qPCR, metal-based, particle, wire
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Introduction
Nanomaterials (NMs) and their potential applications have generated great interest due to
their various and unique characteristics. These applications increase human and
environmental exposure to NMs, hence safety concerns over their use are raised. The
different physicochemical variations of NMs make their overall toxicological assessment
challenging, if not impossible. In an effort to resolve this challenge, the concept of
predictive nanotoxicology (PNT) initiated approximately ten years ago. The PNT focuses on
the mechanism of injury and pathogenicity, that is caused by well physicochemically
characterised NMs when introduced into a biological environment (biotransformation,
Figure 1 A). Some of the successful stories regarding PNT include the reactive oxygen
species (ROS) release, where NMs lead to oxidative stress related disease, as well as the
fibre pathogenicity paradigm. Here, the authors suggest an additional approach that will
immensely aid the formation of PNT. To achieve this, a combination of multiple tools will
be necessary, including in vitro and in vivo QSARs system, biotransformation data,
appropriate in vitro models and in silico techniques. The core point will be the extensive
physicochemical characterisation of the NMs and their correlation to the mechanism of
injury (Figure 1 B). The successful establishment of PNT will have an impact on the in vivo
model utilisation (reduction), safe(r) by design protocols and prevention of NMs adverse
effects through use.
Results
A

B

Figure 1 A and B: A) Illustration of NMs biotransformation upon introduction to a
biological environment. B) Combinatory tools and parameters that will lead to PNT.
doi.org/10.1002/smll.201907650
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Conclusions
PNT can be achieved only via the combination of multiple parameters and tools such as
appropriate in vitro models, biotransformation data and in silico analysis of NMs with
specific physicochemical characteristics.
Keywords
Predictive-Nanotoxicology,
Nanomaterials,
injury-mechanisms,
Physicochemicalcharacterisation, Biotransformation
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Utilising integrated approaches to testing and assessment (IATAs) to make grouping
decisions for nanomaterials
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The aim of the EU funded project GRACIOUS is to generate a Framework that enables the
grouping, and read-across of nanoforms (NFs) to support risk assessment and innovation.
Regulators require that grouping decisions are hypothesis driven and evidence based.
Accordingly, we have developed a template which allows grouping hypotheses to be
formulated in a standardised manner. In addition, we have generated pre-defined grouping
hypotheses which assess the fate and toxicity of NMs relevant to human health and the
environment. For human health, the pre-defined hypotheses consider exposure via different
routes (inhalation, oral and dermal), and for the environment, release into different
compartments (e.g. aquatic environment and soil). These pre-defined hypotheses were
formulated following an in-depth systematic survey of the literature, along with expert
judgement and they are therefore evidence-based and robust. For each grouping hypothesis
we have generated a tailored integrated approach to testing and assessment (IATA) which
guides acquiring the information required to accept or reject a grouping hypothesis. Each
IATA is formed from a series of decision nodes which ask for specific information on a relevant
grouping criterion (e.g. physicochemical parameters, fate and hazard biomarkers) critical for
deciding whether the NF(s) investigated fit within the group described by the hypothesis. To
provide this information the user may consider existing data (e.g. from the published
literature, or a database) or generate new data. A testing strategy organized in three tiers has
been defined for each decision node to provide guidance for obtaining the required
information. Typically, tier 1 methods and tools are simple and fast (e.g. simple in vitro
models, and in chemico testing). The complexity of the models used increases with each tier,
for example, more complex 3D co-culture in vitro models and whole organisms (vertebrate
and invertebrate) are used in tiers 2 and 3. Where possible standard methods are prioritised
for the testing strategy. Importantly, not all tiers of testing need to be completed to make a
grouping decision, and the level of testing required can be dictated by the purpose of grouping
(e.g. filling in regulatory data gaps, safety by design) and by the degree of similarity of the NFs
in the candidate group. The IATAs are being verified by performing case studies. Our approach
to grouping will be relevant to different stakeholders. For example, by filling data gaps via
read-across we will make risk assessment for different purposes more efficient, and
affordable, and reduce the use of animals.
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Introduction
We are continuously exposed to various health hazardous airborne particulate matter with
notable deposition in the fragile alveolar region of the lungs. Hence, there is a great need
for identification and prediction of nanomaterial-associated diseases, currently hindered by
the lack of in-depth understanding of causal relationships, in particular between acute
exposures and chronic symptoms.
Results
By applying advanced microscopies, such as super-resolution fluorescence microscopies and
ion microscopies, coupled with advanced omics approaches to in vitro and in vivo systems,
and with in silico molecular modelling, we have here determined that the long-lasting
response to a single exposure can originate from the interplay between the newly
discovered nanomaterial quarantining and nanomaterial cycling between different lung cell
types. A complex mechanisms has been identified together with several events that can be
used for prediction of the spectrum of lung inflammation associated with materials of
interest using only in vitro measurements and in silico modelling.
Conclusions
In that way we were able to relate the outcomes to material properties for large number of
materials thus boosting safe-by-design-based material development. Because of its
profound implications for animal-free predictive toxicology, our work paves the way to a
more efficient and hazard-free introduction of numerous new advanced materials into our
lives.
Summary
The prediction of diseases associated with nanomaterials is currently hampered by an
incomplete understanding of the underlying mechanisms. Newly discovered nanomaterial
quarantining and counteracting nanomaterial cycling fill that gap allowing us to incorporate
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the main modes of cellular response into a mechanistic model and to predict in vivo
inflammation solely on animal-free in vitro tests.
Keywords
safety, AOP, mechanism, prediction, microscopies
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Introduction
Nanobiomaterials (NBM) have unique physicochemical characteristics driving their increased
use in medical applications, such as medical devices (MD) and advanced therapeutic medical
products (ATMP). To ensure their safety, NBMs must undergo rigorous risk assessment.
However, this can prove challenging for non-nano experts to determine the safety testing
required for NBM progression. Integrated approaches for testing and assessment (IATA) could
streamline pre-clinical testing by guiding the gathering of existing relevant safety information,
and/or the generation of new data to fill gaps. This work focuses on developing IATA for
intravenous (I.V.) exposure which is a convenient route for MD/ATMP delivery. This is
complementary to the work of GRACIOUS, which, as the originator of many IATAs focused on
other exposure routes such inhalation, oral and dermal routes.
Results
We generated an IATA to guide information and data gathering for the safety assessment of
NBM-MDs/ATMPs administered via I.V. injection, by consulting current guidelines for NBM
safety assessment. Using this approach, we selected the most appropriate safety questions
that should be considered, the standard operating procedures or methods that should be
used, and the action the user should take once they have gathered/generated the relevant
data. We have developed guidance for NBM developers in both academic, regulatory, and
industrial contexts to implement pre-clinical tailored safety assessment strategies to increase
the progression of NBMs to clinical applications. Additionally, this IATA has the potential to
be applied to other exposure routes relevant to a medical context should the NBM-MD/ATMP
cross tissue barriers and access the blood.
Conclusions
In summary, the generation of IATAs will allow NBM developers to work towards current
regulations, while taking NBM specific considerations into account, which may reduce the
pre-clinical testing required for NBMs and also contribute to reducing the current reliance on
animal models.
Acknowledgements: This work has received funding from the EU Horizon 2020 project
under Grant Agreement No 760928 (BIORIMA) and Grant Agreement No 760840
(GRACIOUS).
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Introduction: The GRACIOUS Framework includes hypotheses that provide the scientific basis
of how and why different nanoforms (NFs) can be grouped together. Some hypotheses linked
indicate that ‘dissolution rate’ can be used as the determining physico-chemical property to
define the likelihood of NF biopersistence and the durability of nanospecific properties
following oral exposure. For such oral hypotheses, an integrated approach to testing and
assessment (IATA) guides grouping of similar ingested NFs within the predefined groups, by
gathering a set of information which span from exposure, to the specific purpose of use
(precautionary or regulatory) and to scientific justifications for key NF descriptors (related to
‘what they are’, ‘where they go’ and ‘what they do’). Results and Conclusions: We
investigated the dissolution rate (expressed in ng/cm2/h) of various NFs, which includes
different zinc oxide, titanium dioxide and silicon dioxide NFs using a cascade addition of
simulant gastrointestinal (GI) fluids. Results show that dissolution effectively predicts NFs
behavior, allowing different NFs to be grouped, according to their biotransformation in the GI
tract, in three major groups that show ‘very slow dissolution’, ‘partial dissolution’ or
’instantaneous dissolution. Afterwards, these three grouping hypotheses were tested via
tailored IATAs, which further elaborate fate and specific hazard (local and systemic toxicity or
microbioma dysbiosis) endpoints. Summary. The oral IATAs facilitate the grouping of NFs with
similar dissolution rate upon oral ingestion, guiding the user through a tailored tiered testing
strategy to address key descriptors, which refer to specific hazard endpoints. Finally, oral
IATAs support the user’s decision to accept or reject the predefined grouping hypothesis for
a set of ingested NFs avoiding extensive testing.
Acknowledgement – GRACIOUS is funded by the European Commission, Grant Agreement
760840.
Keywords
nanomaterials grouping, oral exposure
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Introduction
The oral uptake of nanoparticles is an important route of human exposure and requires solid
models for hazard assessment. While the systemic availability is generally low, ingestion may
not only affect gastrointestinal tissues but also intestinal microbes. A balanced gut microbiota
contributes essentially to human health, whereas gut dysbiosis is known to promote several
intestinal and extra-intestinal diseases. Gut microbiota-derived metabolites serve as key
molecular mediators of host metabolism and immunity.
Results and Conclusions
In a 28-day oral gavage study according to the OECD guideline no. 407, gut microbiota and
the plasma metabolome were analyzed in male Wistar rats receiving either SiO 2 (1000mg/kg
b.w.) or Ag nanoparticles (100 mg/kg b.w.). Comprehensive clinical, histopathological and
hematological examinations showed no signs of nanoparticle-induced toxicity. In contrast,
the gut microbiota was affected by both nanoparticles, shifting the relative abundance of six
out of seven identified phyla. At the level of bacterial genera, both nanoparticles increased
the abundance of Prevotella, a genus known to be correlated with intestinal inflammation.
Only in Ag nanoparticle-exposed animals, Akkermansia, a genus known for its protective
impact on the intestinal barrier was depleted to hardly detectable levels. Strikingly, both
nanoparticles led to significant decreases in the levels of gut microbiota-derived metabolites
with known anti-inflammatory properties, such as indole-3-acetic acid and 3-indoxylsulfate.
The combined profiling of intestinal microbiome and plasma metabolome may serve as an
early and sensitive indicator of possible adverse effects induced by orally administered
nanoparticles and will help to assess their relevance to the host.
Summary
-

The intestinal microbiome and the plasma metabolome of male Wistar rats was
affected after oral gavage with Ag or SiO2 nanoparticles.
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-

The detected microbial and metabolomic alterations have the capability to affect the
maintenance of gut immune homeostasis. Long-term health effects are conceivable
and will require further investigation.

Keywords
Oral Study, Gut Microbiota, Metabolomics
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Abstract:
Introduction
The repetitive, long-term, low-dose inhalation exposures to ENMs can potentially pose
significant human health hazards. However, invasive animal experimentation is the only tool
available to predict this risk and animal alternatives are lacking. Here, using established Key
Events (KEs) from published Adverse Outcome Pathways (AOP) (i.e. AOP302 and AOP173) and
the Good In Vitro Method Practices (GIVIMP) guidelines, we developed a model to assess the
potential inhalation risk of ENMs.
Results
Lung epithelial (A549) and macrophage (PMA-differentiated-THP-1 (dTHP-1) cells) cell coculture was exposed to titanium dioxide (TiO2) (JRC NM105) (In Vivo-In Vitro Extrapolation
(IVIVE) concentration of 1.3-10.4 µg/cm2) at the air-liquid-interface using the VitroCell
Cloud12 exposure system for 6, 24, and 72-hours. Specific genes of interest that are
associated with the KEs identified in AOP302 and AOP173 were assessed via a targeted
quantitative PCR (qPCR) and supported by a multi-omics approach. Results identified
increased expression of IL-5 and CEBPB, as well as a decrease in CCL5, IL-6, and BCL2
expression 6hours post-exposure. An increase in TLR4, CEBPB, CCL5, IL-33, SOD2, CCL2, IL-18,
IL-1 , COL1A1 and CASP3 expression was noted at 24hours post-exposure. After 72hours
post-exposure an increase in CCL5, IL-6 and IL-1 expression and a decrease in IL-5, IL-15, and
CEBPB was observed. These results indicate that at different post-exposure time points,
different genes are altered, with the biggest variations exhibited at 24hours post-exposure.
Such expression variations may allow for the predictive capability of this model approach to
be determined.
Conclusions
We have established that IVIVE relevant concentrations of TiO2 may elicit responses as
previously seen in vivo, and that are identified as KEs in published AOPs (i.e. AOP302 and
AOP173). Therefore, in conclusion, advanced in vitro systems have the potential to indicate
in vivo response trends when combined with relevant ENM concentrations and specific
toxicological approaches.
Acknowledgements:
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The authors would like to acknowledge that this research has received funding from the
European Union’s Horizon 2020 research and innovation program for the PATROLS project,
under grant agreement No.760813.
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Introduction
With growing knowledge on the importance of the intestine for overall health, increasing
effort is invested in the development of advanced intestinal in vitro models to study the
effects of ingested engineered nanomaterials (ENM). Whereas highly sophisticated models
are available, the influence of individual parameters is rarely determined or compared to in
vivo outcomes.
Results
We studied silver (Ag-PVP) and titanium dioxide (TiO2) in four in vitro models of increasing
complexity: proliferating monocultures of Caco-2 and HT29-MTX-E12 [E12] cells, Caco-2/E12
co-cultures, and triple cultures with THP-1 cells in healthy and inflamed state. Adverse
effects were only observed in proliferating monocultures, and were more substantial for AgPVP. Even high concentrations of ENM did not impact the barrier integrity, cell viability,
cytokine release or DNA damage in advanced models. No difference was noted between
epithelial co-cultures and triple cultures. The results were compared to the outcomes from
28-day feeding studies in mice. No changes in DNA damage, DNA repair or cytokine gene
expression was detected in intestinal tissue.
Conclusions
When investigating ENM-toxicity in intestinal models, the choice of parameters can
substantially affect the outcomes. In our hand, the tested ENM induced stronger effects in
proliferating monocultures, which could facilitate a time and cost effective approach for the
screening or prioritising of ENM. Advanced models were more robust towards the here
tested materials and in their outcomes more comparable to the in vivo results. While the
inclusion of THP-1 cells adds further complexity to the model, the modification did not
affect the outcomes. Although this might not hold true for more sensitive endpoints like
protein or gene expression, it adds to the question, which parameters are essential for a
realistic in vitro model.
This research has received funding from the European Union’s Horizon 2020 research and
innovation program under grant agreement No.760813 (PATROLS).
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Introduction
The need for toxicity screening of a large number of nanomaterials has favored the
development of in vitro cellular models. In airways, the epithelial cells lining the respiratory
tract are covered by mucus layer that forms the first line of defense against inhaled
nanomaterials. The interaction between nanomaterials and the biological medium leads to
the adsorption of proteins, forming a protein corona that determines their biological identity.
To study the long-term toxicity of silver nanoparticles (Ag NPs) a 3D model of the human
bronchial epithelium was established using Calu-3 cells at air-liquid interface (ALI).
Results
The formation and stability of a functional epithelium was monitored by the measurement of
the trans-epithelial electrical resistance (TEER) and the permeability of Lucifer Yellow (LY). A
tight barrier was maintained for 25 days with TEER > 300 .cm2 and LY permeability < 2%. Cell
morphology and epithelial secretions were characterized by TEM, ELLA, and qRT-PCR.
Additionally, the composition of the apical secretome of Calu-3 cells in our culture conditions
was analyzed by quantitative mass spectrometry over time and compared to the one of
normal human bronchial epithelial (NHBE) cells. Calu-3 and NHBE secretomes share 408
extracellular proteins, albeit with different abundances. The Reactome pathway analysis
highlights their role in the immune response of the bronchial epithelium. Protein corona were
investigated following incubation of AgNPs with the secretome by proteomics and small angle
X-ray scattering (SAXS).The analysis of the protein corona in situ – when Ag NPs are directly
in contact with the bronchial epithelial cells – is reported.
Conclusions
We provide novel information on the long-term evolution of the epithelial cell secretome in
vitro and investigated the role of the protein corona in the fate and toxicity of inhaled NPs.
These results support the use of the 3D human bronchial epithelium model using Calu-3 cells
to evaluate the chronic toxicity of inhaled nanomaterials.

Keywords
Silver-nanoparticles, Bronchial epithelium, Secretome, Protein-Corona
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Introduction
The uptake of CeO2 nanoparticles administered to the lung and the resulting distribution into
remote organs is still not completely understood. Laser ablation-inductively coupled plasmamass spectrometry (LA-ICP-MS) is a powerful tool to quantify elemental distributions directly
on tissue thin sections and is used here for the investigation of different organs from rats after
intratracheal instillation of CeO2 nanoparticles. The combination with immunohistochemical
labelling aimed to detect the cell types actively sequestering CeO2 nanoparticles.
Results
LA-ICP-MS was used to determine the spatial distribution of cerium in lung, liver, spleen,
lymph nodes and kidney secondary to a single administration of 0.6 mg CeO 2-NM212 to the
lung. The cerium distribution was monitored after 3 hours, 3 days and 3 weeks. Lanthanidelabelling of antibodies against various antigens allowed to associate major portions of cerium
to phagocytic cells. In the lung, almost 94% of the cerium content were associated with
labelled alveolar macrophages after 3 weeks. Cerium was also detected in other organs as
early as 3 hours post instillation, as shown for macrophages in spleen and liver.
Conclusions
Combining LA-ICP-MS and immunohistochemical staining allows to directly monitor the
partial distribution of cerium into different organs and tissues upon instillation of a single
dose. The data indicate that alveolar macrophages and other types of macrophages in spleen
and Kupffer cells of the liver sequester these nanoparticles within 3 hours or even less.
Summary
This study is the first to provide quantitative distribution data for CeO2 nanoparticles in
identified cell types of different organs. The combination of LA-ICP-MS, immunohistochemical
staining and lanthanide-labelling offers new possibilities to explore the biokinetics of
nanoparticles in the body.
Keywords
LA-ICP-MS, Bioimaging, Immunohistochemical staining, CeO2-nanoparticles
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Introduction: More physiologically relevant in vitro models of the intestine are required to
assess nanomaterial (NM) toxicity and translocation. Intestinal microfold (M) cells are
specialised cells for intestinal mucosal immunity whose major functions are intestinal luminal
antigen sampling, microbial and particle uptake. Differentiated Caco-2 cells have been
generally used for toxicity and translocation studies, but they lack some essential
characteristics of the intestine such as M cell and goblet cell. Here, we have incorporated a
mucus secreting cell line (HT29-MTX-E12) and/or immune cell line (Raji B) to introduce mucus
and/or M-cell to the absorptive Caco-2 cell and this models were used to assess the toxicity
of amorphous silicon oxide (SiO2) and coper oxide (CuO) nanomaterials (NMs) via assessment
of transepithelial electrical resistance (TEER), interleukin-8 (IL-8) production, cell viability and
translocation.
Results: The intestinal models were characterised for barrier integrity (by measuring TEER),
presence of mucus (by Alcian blue staining) and M cell (by Wheat Germ Agglutinin staining).
CuO and SiO2 NMs did not affect the viability of all the cell models. CuO NMs induced greater
IL-8 production than SiO2 NMs with the Caco-2/HT29-MTX-E12 co-culture producing more IL8 than the Caco-2/Raji B co-culture. A reduction in TEER and increased NM translocation were
observed in Caco-2/Raji B co-culture compared to Caco-2/HT29-MTX-E12 co-culture.
Conclusions: This study suggests that M cell may enhance translocation and that the SiO2 NMs
tested were less toxic than CuO NMs. However, in vivo studies would be essential to confirm
this result. The three cell types have now been compiled into a single model for further
investigation of the hazards of different nanoforms.
Summary: Caco-2/Raji B and Caco-2/HT29-MTX-E12 co-cultures have been characterised.
CuO NMs demonstrated greater toxicity compared to amorphous SiO2 NMs.
Greater translocation was observed in Caco-2/Raji B co-culture compared to Caco-2/HT29MTX-E12.
Keywords
Co-culture, M-cell, mucus, Toxicity, Translocation
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Introduction
Emissions of TiO2 nanoparticles from conventional pigments have long been neglected, and a
quantitative knowledge of the particle size distribution released at all stages of the life cycle
of nanoproducts and conventional products can help to better understand the possible risks
associated with the use of TiO2 particles. The goal of our work was to determine the emissions
of TiO2 nanoparticles from both nanoproducts and conventional pigments. To achieve this
goal, we developed a size-specific, dynamic, probabilistic material flow analysis model (ssDPMFA) that integrates the particle size distribution into MFA for the first time.
Results
The ss-DPMFA method allowed to track the complete particle-size distribution of all forms of
TiO2 used in products on the market from production to use and end-of-life. The most
remarkable modeling result to emerge was that before TiO2 engineered materials (ENMs)
came onto the market in 2000, 22,400 tonnes of nano-sized particles (<100 nm) had already
been released to the environment, originating from the nano-sized fraction of conventional
pigments. Even in 2016, 50% of the nano-sized TiO2 particles released to wastewater came
from the TiO2 pigments.
Conclusions
Quantitative data on the particle size distribution of TiO2 particles in the environment can be
used as input for environmental fate models. Our new ss-DPMFA model’s additional insights
about crystalline forms and coatings could pave the way for advanced hazard and risk
assessments in ecological systems.
Summary
- Particle size distribution was integrated into MFA for the first time.
- Before TiO2 ENMs came onto the market, 22,400 tonnes of nano-sized TiO2 particles
had been released from pigments to the environment.
- Pigment-TiO2 contributes up to 50% to the mass of nano-sized particles released to
the environment in 2016.
- The obtained particle size distribution can be used as input for environmental fate or
risk assessment models.
- Keywords
- TiO₂, size, pigment, exposure modeling
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Introduction
Toxicological dose-response data obtained from in vitro assays and extrapolation into in vivo
engineered nanomaterial (ENM) dose-responses (IVIVE) would advance the 3Rs principles
(Reduction, Refinement and Replacement). For IVIVE a realistic estimation of the delivered
dose is needed. This requires the use of physiologically based kinetic (PBK) models. To apply
PBK models in IVIVE, these models are adapted to the nanomaterial under study in the EU
funded project PATROLS (Physiologically anchored tools for nanomaterials risk assessment).
Results
A PBK model of the distribution of nanomaterials in the rat is adapted to the distribution of
ceriumdioxide (NM-212) and titaniumdioxide (NM-105) ENMs by providing the model with
appropriate parameter values. First, information on the model’s parameters is collected for
these two nanomaterials from inhalation-distribution studies published in literature. This
data provides prior information on model parameters that are subsequentially used a
Bayesian analysis of two new inhalation-distribution studies for these materials. These
studies have been designed specifically to optimize kinetic information on the PBK model.
Model parameters are inferred combining information from different sources. The Bayesian
method provides insight in both the most likely value as well as the uncertainty in the model
parameters. The PBK model, parametrized for the NM-212 and NM-105 materials, is
operational for conducting IVIVE.
Conclusions
The PBK model used in this work provides an adequate description of the kinetics of ENM in
rat. A Bayesian approach to PBK modelling is especially suitable to incorporate information
from different sources.
Summary
This work describes the development and parametrization of a PBK model of the
distribution of nano ceriumdioxide (NM-212) and titaniumdioxide (NM-105) in rat, based on
the information of two dedicated inhalation studies conducted for these materials.
Keywords
nanomaterials, PBPK, modelling, model calibration
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Introduction
Poorly soluble particulate engineered nanomaterials (ENMs) might accumulate in the body.
This increases the chance for adverse health effects after longer exposures to low
concentrations. Data gaps in understanding the target organs for distribution and clearance
rates are being filled in the EU funded project PATROLS (Physiologically anchored tools for
nanomaterials risk assessment).
Method
Rats were exposed nose-only to cerium dioxide (NM-212) and titanium dioxide (NM-105) or
clean air for 1 day (30 minutes, 2 and 6 hours per day) or 2 weeks (similar exposure times
per day, 5 days per week). Organ burden as well as cerium and titanium levels in blood,
urine and faces were determined by inductively coupled plasma-mass spectrometry at
different time points. ENMs metal content was determined in the bronchoalveolar lavage
fluid (BALF) and in the lavaged lung. Total and differential cell counts as well as cell damage
markers were determined in the BALF.
Results
A dose dependent increase in lung burdens for both ENMs was found with clearance rates
within the expected range. No lung damage was detected at all exposure levels for both
materials. The highest exposure level led to a mild pulmonary inflammation that could have
influenced the translocation of ENMs to secondary organs. It takes several days to detect an
increase in metal content in the liver and several weeks before it levels off. A dose
dependent increase in urine metal content 18 hours after exposure was found that returned
to background level after 1 week.
Conclusion
Liver and urine metal content will provide additional insight into the biodistribution of two
poorly soluble ENMs. This information can be used to improve a physiologically based
kinetic model that is under development elsewhere in the project. Together, it will aid in the
development of a toxicokinetic guideline within the OECD Malta initiative.
Keywords
kinetics, CeO2, TiO2, biodistribution, inhalation
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Subcellular and intracellular dissolution of particulate and fibrous metal-based
nanomaterials in pulmonary cell lines
Wall J1, Schworm F1, Link M1, Neuberger R1, Hufnagel M1, Hartwig A1
1Karlsruhe Institute of Technology, Karlsruhe, Germany
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Introduction
Inhalation followed by endocytosis is an important route of exposure of metal-based
nanomaterials. Within the present study, the solubility of 10 different particulate and fibrous
nanomaterials in physiologically relevant media such as artificial alveolar fluid (AAF) and
artificial lysosomal fluid (ALF) was investigated. Furthermore, the intracellular bioavailability
was examined in four different cell lines (A549, Beas-2B, RLE-6TN and differentiated THP-1),
including the distribution in the cytoplasm and nucleus.
Results
After 7 days no relevant dissolution of nanomaterials in AAF (pH 7,4) was observed. In
contrast, in ALF (pH 4,5) a dissolution up to 65 % was detected, with Cu-based materials
showing the highest dissolution rate followed by Ni-based materials. Moreover, particulate
materials showed a higher dissolution rate than fibrous materials. In contrast Ag as well as
TiO2 and CeO2 materials showed no dissolution in either model fluid. Within cells, Cu and Nibased nanomaterials showed a dose-dependent release of metal ions. Interestingly, in
contrast to subcellular investigations, a dose-dependent intracellular release of Ag ions was
observed. Regarding the intracellular distribution, particular high concentrations of metal
ions were found in the nucleus of all cell lines. As with model fluids, no intracellular
bioavailability was seen for TiO2 and CeO2.
Conclusions
Particulate as well as fibrous Cu-, Ni- and Ag-based nanomaterials can be taken up via
endocytosis followed by lysosomal dissolution, releasing potentially toxic metal ions. This
leads to elevated levels of respective metal ions in the cytoplasm and also in the nucleus,
mediating oxidative stress and inflammatory responses.
Summary
This study shows a dose-dependent metal ion release of nanomaterials in the cytoplasm and
nucleus of epithelial cells as well as macrophages. While no dissolution in artificial alveolar
fluid was observed, the pronounced solubility of metal-based nanomaterials in artificial
lysosomal fluid provides a plausible explanation.

Keywords
bioavailibility, solubility, pulmonary cell lines
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Acute ZnONP exposure induces oxidative stress responses in the olfactory sensory neurons
and alters olfaction-mediated behaviour in zebrafish embryos
Takesono A1, Dimitriadou S1, Tyler C1
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Introduction
Oxidative stress (OS) response is an important biological mechanism underlying the
toxicological properties of metal-based engineered nanomaterials (ENMs). Very little is
known however is about how ENMs react within a whole organism or about tissue specific
oxidative sensitivities. To investigate the oxidative activity of selected ENMs and identify their
target tissues, we exploited the application of oxidative stress biosensor transgenic zebrafish
model (Tg(EpRE:mCherry)) which allows for visualisation of OS responses (read-out as tissue
specific mCherry expression by microscopy) across the whole body of developing zebrafish
embryo.
Results
We observed dose-dependent OS responses to ZnONP (for exposures between 33 g 1000 g/L) in the forebrain specifically in olfactory sensory neurons (OSNs) which transduce
signals for sensing smell. In contrast, there were fewer numbers of OS responding OSNs in
zebrafish embryos exposed to Zn ion, suggesting a particle related effect. Applying a double
transgenic zebrafish embryo carrying both EpRE:mCherry and mpx (neutrophil specific
promoter):GFP reporter genes we were able to show that ZnONP exposure also induced
inflammatory responses at the responding target sites as evidenced by
accumulation/infiltration of neutrophils around OS responding OSNs. Furthermore, ZnONP
exposure caused alterations in olfaction-mediated avoidance behaviour.
Conclusions
Our data demonstrate that OS responses in OSNs can serve as a sensitive biomarker for the
effects of ZnONP on olfaction in zebrafish embryo-larvae. Our data highlight a potential
environmental hazard of ZnONP in fish, affecting olfaction a fundamental sense for survival.
Summary
Using an oxidative stress biosensor transgenic zebrafish, we found that acute ZnONP
exposure at sub-lethal doses induced OS responses specifically in OSNs in zebrafish embryo,
which resulted in inflammatory responses and alterations in olfaction-mediated behaviour.
Such effects of ZnONP for exposures during early-life may lead to a long-lasting influence on
olfactory sensing, thereby potentially affecting fitness and social/sexual behaviour in animals.
Acknowledgments
This work was conducted as part of the PATROLS project under Grant Agreement No 760813.
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Bioaccumulation potential of CuO nanoparticles following dietary exposure to rainbow trout
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Introduction
The bioaccumulation potential of CuO NPs in rainbow trout (Oncorhynchus mykiss) was
studied following the OECD TG 305. Fish were fed diets containing 70 or 500 mg CuO NPs
per kg body weight for 15 days and on control diets for a further 59 days. Cu concentrations
are being determined in the whole body and also in liver, gill, intestine, stomach, muscle,
brain and fish carcasses.
Results
During the uptake phase, there was only a significant increase in Cu concentration in the
whole body of fish fed high dose diets although higher levels respect to control were also
reached with the low dose. Steady state was attained the second day of uptake. In tissues of
the high dose group significantly higher Cu concentrations were found in the intestine,
stomach, gill and carcass of fish. Loss of Cu was rapid from the whole body over the first
days of depuration but significant amounts of Cu remained in the body at least 14 days after
depuration. In particular increases in Cu levels in the liver were evidenced.
Conclusions
The steady state of Cu concentration in fish exposed to dietary CuO NPs was reached only 2
days after exposure. The biomagnification factor (BMF) value was of 0.01 for the high
concentration. Fast but incomplete elimination from fish bodies together with a
redistribution of Cu among the tissues, was evidenced during depuration.
Summary
A concentration dependent uptake of Cu in fish was evidenced, with higher uptake at a
higher CuO NP exposure concentration. The low whole body BMF values suggest a low
bioaccumulation potential for CuO NPs. However important observations of redistributions
of accumulated Cu to the liver of fish later in the depuration phase point to distinct in vivo
biokinetics that warrants further investigation.
Keywords
rainbow trout, CuO, bioaccumulation
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Eco-friendly preparation of high-quality reduced graphene oxide via sonoluminescence with
a TiO2 photocatalyst
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Reduced graphene oxide (rGO) has been prepared using numerous techniques that are costeffective and efficient. However, conventional methods require high temperatures and highly
toxic reducing agents. Several researchers have tried to devise green reduction methods for
graphene oxide; however, the quality and yield of the finished products remain comparatively
low. The use of photocatalytic effects in semiconductor materials is a promising method, but
it incurs additional costs, such as a high-power pulsed laser, and results in non-uniform
reduction because only the area where the beam is incident is reduced. In this study, we used
a home-made focused ultrasound circulation system utilizing a synergy effect between
photocatalytic effect under sonoluminescence and free radicals dissociated by ultrasonic
reactions to reduce GO. This approach allows us to achieve a high reduction degree of the
sonicated rGO, including a carbon-to-oxygen ratio of 87.79% and an electrical conductance
of 9.15 μS, which are comparable to those of rGO from traditional reduction methods. As
inferred from Raman analysis, the sonicated rGO has a low I(D)/I(G) ratio, which confirms a
low density of defects and explains the excellent electrical properties of the sonicated rGO.
We succeeded in the mass production of high-quality rGO by an effective photochemical
reduction method using a circulatory system without adding external excitation sources; we
expect this technology to be used in high-efficiency electronic devices, energy storage,
sensors, and environmental industries.
This work was supported by the Nano Material Technology Development Program (No.
2016M3A7B6908929) of the National Research Foundation (NRF) funded by the Ministry of
Science and ICT.
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Lipid and iron nanobiomaterials only produce toxic effects in fish cell lines after a long-term
exposure
Hernandez-Moreno D1, Navas J1, Fernandez-Cruz M1
1Department of Environment and Agronomy, National Institute of Agriculture and Food
Research and Technology (INIA), Madrid, Spain
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Introduction
The short and long-term toxicity of different nanobiomaterials (NBMs) were evaluated in vitro
in different rainbow trout cell lines. The RTgill-W1, RTL-W1 and RTS-11 were exposed for 24h
to a range of concentrations (0.78 – 100 µg/mL) of lipid (SLN-nutra-Dis, SLN-nutra-Sol and LPeye) and Fe3O4PEG-PLGA NBMs. The RTgill-W1 was used for the long-term exposure to 20 and
100 µg/mL NBMs during 28d (weekly cell renewal). Recovery was also tested after a 14d
exposure and 14d recovery periods.
Results
None of the NBMs studied provoked cytotoxicity after 24h exposure at the used
concentrations (IC50>100 µg/mL). After 28 d exposure, none of the SLN-nutra NBMs exerted
a toxic effect. However, LP-eye and Fe3O4PEG-PLGA at the highest concentration caused a
50% decrease in cell viability. For these NBMs a concentration-related effect was observed.
Cells previously exposed to Fe3O4PEG-PLGA for 14 d showed an almost complete recovery
after 14 days in clean medium. However, cells exposed to 20 µg/mL of LP-eye recovered
completely whereas no recovery was observed for cells pre-exposed to 100 µg/mL.
Conclusions
These results evidence the need to test the long-term toxicity of NBMs and show differences
in cytotoxicity for different NBMs probably associated to different mechanisms of toxic
action. Rtgill-W1 cells are appropriate to screen short and long-term toxicity of NBMs
providing valuable information about NBMs toxicity in fish.
Summary
The NBMs assayed are not toxic after a short-term exposure for fish cell lines but the LP-eye
and Fe3O4PEG-PLGA produce concentration-dependent long-term toxicities which can only be
reversed in the case of the Fe3O4PEG-PLGA NBMs.
Acknowledgements: This work was funded from the European Union’s Horizon 2020
Programme under Grant Agreement No 760928 (BIORIMA - BIOmaterial RIsk MAnagement).
Colorobbia Consulting SRL Italy) and Nanovector SRL (Italy) supplied the iron and lipid NBMs,
respectively.
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Quantification of CeO2 nanoparticle uptake in algal cells using single cell ICP-MS and ICPTOFMS
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Introduction
A handful of studies have addressed uptake and/or adsorption of nanoparticles (NPs) to
algal cells, most in a qualitative rather than quantitative manner. Some methods suitable for
quantification of NP association to algae on a cellular level are Single Cell Inductively
Coupled Plasma Mass Spectrometry (SC-ICP-MS) and Single Cell ICP-Time of Flight-MS (SCICP-TOFMS). While SC-ICP-MS is limited to identifying one element at a time, ICP-TOFMS
allows simultaneous detection of entire range of elements, and can thereby be used to
determine the elemental “fingerprint” of cells. In this study, both SC-ICP-MS and SC-ICPTOFMS were utilized to quantify CeO2 NP uptake and/or adsorption to algae (Raphidocelis
subcapitata). Three exposure concentrations were used to cover both environmentally
realistic and ecotoxicology test relevant concentrations (1, 50 and 1000 µg CeO2/L). Algae,
at an initial cell density of around 106 cells/mL, were exposed to NPs for 24h, then
refrigerated to allow settling and separation of cells from the medium. The resulting pellet
was resuspended in deionized water, diluted and measured by ICP-TOFMS and ICP-MS.
Results
Results from both SC-ICP-MS and SC-ICP-TOFMS indicated that cell elemental “fingerprint”
has sufficient levels of P and Fe for identification of algae. Through ICP-TOFMS multielement analysis, incidence of cell fingerprint elements with Ce was assumed to be evidence
of CeO2 nanoparticle association with algae (either adsorption or uptake of NPs). For 50
µg/L exposure concentration, it was found that around 5% of cells were associated with
CeO2 NPs.
Summary & Conclusions
ICP-TOFMS is a promising technique to study NP uptake/adsorption to single cells through
multi-element analysis and requires minimal sample preparation. Results of this study
illustrate that CeO2 NPs are unlikely to be taken up or adsorbed to algal cells after 24h
exposure.
Acknowledgments
This work was conducted as part of the PATROLS project under Grant Agreement No
760813.
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Total Concept for Safe(r)-by (SbD for Nano(bio)enabled Replacement Hip Joints. A Model
for SbD for Medical Devices, Standardisation and Regulatory Approval
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Introduction
The increasing use of nano(bio)materials (NBMs) in medical devices (MD) and advanced
therapy medicinal products (ATMP) has offered great advancements in diagnostic and
therapeutic medicine clinical outcomes. They present new challenges for clinical
performance, manufacturing, standardisation and regulatory approval.
We presents a holistic approach for applying SbyD principles to a new concept in nanoenabled replacement hip joints designed to last a whole life in vivo without revision. This
was achieved by a bottom up process starting with raw materials, mechanical engineering
modelling, process development, robotic testing of prototypes, isolation of wear particles
and development of toxicological assays for wear nanoparticles. The design objective was to
achieve a step change reduction in morbidity and mortality associated with toxic wear
particles and metal ions produced by long term use of artificial hip joints. This was achieved
by plasma coating of CoCrTi metal ball and socket joints with multiple nanolayers of Silicon
Nitride (Si3N4). The latter has the additional benefits of: a) reduction in stress induced toxic
metal ions and b) wear nanoparticles that are potentially biodegradable in vivo and thus
readily eliminated.
Results
Accelerated testing of the new design of hip joints under simulated clinical conditions using
jackets containing BSA, Lubricin and isotonic blood electrolytes was undertaken. Wear
nanoparticles were tested in assays using peripheral blood mononuclear cells (PBMNC).
ROS, cytokines, cytotoxicity and genotoxicity results confirmed that the new design of hip
joints met all design objectives. To establish the EU’s leadership in this field, 2 CEN
standards were obtained on wear particle generation and toxicity testing respectively. Joints
so treated had substantially better lubricity and significantly lower wear particles than all
previous replacement joints currently in clinical use.
Conclusions
The research has produced world leading replacement hip joint technology and
manufacturing process to new international nano-SbyD standards. The technology is now
undergoing safety and clinical trials.
Acknowledgements: This work has received funding from the European Union’s Horizon
2020 Research and Innovation Programme under Grant Agreement No 760928 (BIORIMA BIOmaterial RIsk MAnagement) and the FP7 Grant Agreement NMP-310477 FP7 ( LLJ –
LifeLongJoints)
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its application for grouping using case studies
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Introduction:
The GRACIOUS Framework aims to support the practical application of grouping ‘similar’
nanoforms (NFs) in order to facilitate streamlined risk assessment and reduce the burden of
toxicity testing of individual NFs. Grouping decisions will be underpinned by scientifically
justified hypotheses, which identify descriptors relevant to grouping different NFs for a
specific purpose (e.g. safe(r)-by-design innovation, regulation).
Results: With respect to High Aspect Ratio Nanomaterials (HARN), the following grouping
hypothesis has been proposed: ‘Respirable, biopersistent, rigid HARN: Following inhalation
exposure and translocation of HARN to the pleura, mesothelioma development can occur’.
This grouping hypothesis, based upon the structure-activity relationship governing asbestos
carcinogenicity, is substantiated by an Integrated Approach to Testing and Assessment
(IATA) which guides relevant information gathering and experimental testing designed to
provide the necessary evidence to support the grouping decision (i.e. to accept or reject the
grouping hypothesis). The IATA prompts users to address relevant questions regarding the
morphology and biopersistence of the HARN which are linked to the potential to activate a
putative adverse outcome pathway (AOP) for mesothelioma development. The decision
nodes of the IATA are measurable with defined criteria to ensure a clear ‘yes’ or ‘no’ answer
and guide the user to assess whether the hypothesis can be accepted or rejected. The user
is guided to other hypotheses or testing when the HARN hypothesis is rejected.
A description of the HARN grouping hypothesis and supporting IATA will be presented here
alongside evaluation of its application and limitations with case studies from the literature.
Conclusion: Implemented in tiers of increasing specificity and complexity, the IATA will
reduce, refine and replace the need for animal testing by promoting the use of alternative,
non-rodent approaches such as in silico modelling, in vitro and cell-free tests in the initial
tiers to screen potentially harmful HARN enabling practical and more efficient risk analysis
while reducing the burden of testing.
Acknowledgement – GRACIOUS is funded by the European Commission, Grant Agreement
760840.
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AOP173 Key Pathway Predictor – Online application for the prediction of BDMLs of essential
transcriptomic pathway for the occurrence of the first KE in AOP173 induced by MWCNTs
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Prediction of the biological activity of nanomaterials that have not been
experimentally tested before is one of the main applications of nano-QSAR methods.
However, frequently the newly developed nano-QSAR models are not used in practice due to
the complexity of their algorithms and necessity to have experience in chemoinformatics. The
main purpose of presented research was to develop an easily accessible and user-friendly
web-based application that could enable prediction of ‘Agranulocyte adhesion and diapedesis
pathway’ level response (BMDL) that is essential for early key event induced by multiwalled
carbon nanotubes (MWCNTs) in Adverse Outcome Pathway for lung fibrosis (AOP173).
We have employed Python 3.81 and Dash by Plotly2 technologies to develop an easy to use,
publicly accessible web application based on a recently published model by Jagiello et al. 3.The
application requires the user to provide only two parameters describing the MWCNT, its
length and diameter. Based on these values, the application calculates aspect ratio (𝜅) of
given MWCNT, which allows to predict the specific pathway BMDL value by the AOP-anchored
Nano-QSAR model. Subsequently, the induced by MWCNTs changes of genes relevant for the
pathway are subjected to grouping analysis and assigned nanotubes to one of two groups:
high aspect ratio or entangled nanotubes. Additionally, the user will receive information on
which pathway associated genes will be down or up-regulated. The application generates
interactive tables and plots that enhance the user experience by presenting necessary
information encoded in the model, its applicability and most important information provided
by the user for prediction. Such web tools implementing nano-QSAR models allow to use
the advantages of the modelling for a wider group of users. Moreover, with the further
development of methodologies allowing for risk prediction in the context of essential
transcriptomic pathways, our application will be expanded to include more features and
models.
Keywords
AOP, MWCNTs, Nano-QSAR, web-based application,
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Assessing the toxicity of engineered nanomaterials in the male reproductive system:
Developing an improved testing strategy for hazard assessment
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Introduction
Concerns endure about Western Male fertility rates as they decline and the resultant use of
assisted reproductive techniques rises (Skakkebaek et al, 2019). It is proposed that
environmental exposures arising from modern lifestyle, rather than genetics, are the most
important factors in the observed trends. Emerging nanotechnologies present enormous
benefits alongside new risks, there is a clear need to understand and manage these potential
novel threats to male reproductive health. The animal burden associated with such research
is extreme; therefore, consideration of how the 3R’s in developmental and reproductive
toxicity (DART) testing is paramount. This research aimed to assess the toxicity of engineered
nanomaterials (ENM) in the male reproductive system and propose an improved testing
strategy for DART hazard assessment.
Results
Were validated for reliability and reproducibility against those generated using similar test
systems with cells from alternative organs of the body. Assessment of (TM3 & TM4) cell and
endocrine function also provided a deeper understanding of cellular responses following
acute sub-lethal ENM exposure. Comparison of outcomes in vitro to in vivo was enabled by
appraisal of tissues from animals exposed orally to the same ENM. The pathology observed
could be related to in vitro observations.
Conclusions
Through this, a new method by which to stage tubules for histopathological analysis was
developed, and for the first time a truly thorough morphological and stereological
examination of tissues for markers of effect provided. Assimilation of key findings made it
possible to conclude that silver ENM are reproductive toxicants and potential endocrine
disruptors.
Summary
The accumulated results were deemed useful to guide development of a novel approach using
in vitro tests and markers to predict pathology in vivo and potentially reduce animal testing.
This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 263215 (MARINA).
Keywords
Reproductive, validation, predictive, histopathology, endocrine
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Introduction - Novel nano-biomaterials (NBMs) find promising application in medical
devices (MD) and medicinal products, including Advanced Therapy Medicinal Products
(ATMP). But their use for diagnostic and therapeutic purposes, including regenerative
medicine, may be hindered by knowledge gaps regarding their safety both for the patients
and for healthcare professionals unintentionally exposed to the materials as well as
regarding their environmental implications. Therefore, a scientific strategy is needed to
identify, assess and manage the human health and environmental risks of nano-enabled
biomedical products.
Results To address this need, an overarching risk management framework (RMF) for NBMs
used in MD and ATMP was developed1, thanks to a collaborative effort of a team of experts
within the EU H2020 Project BIORIMA and incorporating relevant inputs from external
stakeholders. The RMF complements the benefit-risk analysis for patients with a complete
assessment of occupational and environmental risks associated with unintentional
exposure along the life cycles of the materials. Relevant exposure scenarios are addressed
for workers exposed to NBMs during production, use and end-of-life treatment as well as
for medical professionals (e.g., physicians, technicians, nurses and healthcare assistants).
The framework, in line with current EU regulatory requirements, is designed according to
state- of-the-art approaches to risk assessment and management and innovative
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Integrated Approaches to Testing and Assessment (IATA) are proposed to guide the
collection/generation of data according to tiered testing strategies.
Conclusions - The outputs of the framework enable stakeholders (e.g., manufacturers,
regulators, consultants) to assess human and environmental risks and to identify suitable
safe(r)-by-design alternatives and/or appropriate risk management measures, in order to
inform robust decision-making. The BIORIMA Decision Support System (www.sunds.gd)
implements the approaches laid down in the RMF and facilitates its practical application.
Acknowledgements: This work has received funding from the European Union’s Horizon
2020 Research and Innovation Programme under Grant Agreement No 760928 (BIORIMA
- BIOmaterial RIsk MAnagement).

Summary
▪ The risk management framework for NBMs used in MD and ATMP guides the
assessment and management of all human health and environmental risks along
the life cycle of nano-enable biomedical products.
▪ The collection and/or generation of data for risk assessment are supported by
dedicated IATAs.
▪ The BIORIMA DSS supports the application of the risk management framework in
practice.

1 Giubilato E. et al., Risk Management Framework for Nano-Biomaterials used in Medical
Devices and Advanced Therapy Medicinal Products. Materials 2020, 13(20), 4532;
https://doi.org/10.3390/ma13204532
Keywords
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Comparing the influence of physiological relevance (static vs. fluid-flow) towards an
advanced in vitro co-culture of the alveolar region for assessing engineered nanomaterial
hazard
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Abstract:
Introduction
The majority of studies focussing on the ENM-lung interaction are conducted using static
models grown at an air-liquid interface (ALI). To make these models more physiologically
relevant, fluidics and dynamic motion need to be considered. To target the first of these aims,
we used the Quasi VivoTM (Kirkstall Ltd.) system to implement fluidic conditions to a wellcharacterised in vitro alveolar co-culture (A549 and PMA-differentiated THP-1 (dTHP-1) cells).
We characterised the model under static, fluid-flow and dynamic breathing (DALI (Dynamic
model for ALveolar Interface) conditions, prior to DQ12 exposure (10µg/cm2) for 24 hours
(both static and fluidic conditions).
Results
Characterisation indicated that cell viability was impeded over time when under fluid-flow,
but this was not significant compared to the static model. No changes in viability were
observed between the static and the electrospun DALI Bionate® membranes. A decrease in
the concentration of IL-8 from the cell system when under fluid-flow and those grown on the
DALI membrane, compared to the static system, was noted. A decrease in IL-6 was also
observed from the co-culture when under fluid-flow when compared to the static system.
Following 24hrs DQ12 exposure (10µg/cm2), the Quasi VivoTM system elicited significant
increases (p<0.05) in IL-8, as well as significant decreases (p<0.05) in cellular viability
compared to the static model. The DALI membrane had similar IL-8 and cellular viability
responses to the fluid-flow model but elicited an increase in IL-6 compared to both the static
and fluid-flow systems.
Conclusions
In conclusion, the results of this study indicate that the addition of enhanced physiological
features to advanced in vitro models have the potential to influence the structure and
function of the cell cultures, whilst enhancing their sensitivity following ENM exposure.
Notably, static models should not now be discarded, but their limitations should to be
acknowledged when considering exposures with ENM.
Acknowledgements:
The authors would like to acknowledge that this research has received funding from the
European Union’s Horizon 2020 research and innovation program for the PATROLS project,
under grant agreement No.760813.
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Introduction
Several engineered metallic nanoparticles (NPs) including AgNPs and AuNPs have attracted
considerable attention in the field of nanotechnology due to their increased use in biomedical
applications, consumer products and cosmetics. As their applications are increasing,
toxicological effects and environmental hazard should also be considered especially given
their size-related properties. The recent literature is currently biased towards larger (>20 nm)
NPs, which are easier to study and characterise and there is currently a lack of reliable data
on the toxicity of sub-10 nm NPS. In this study, we investigate the cytotoxic effects of wellcharacterise 5 and 10 nm citrate-capped AuNPs to A549 cells. For comparison, we also
examined the effects of citrate-capped 10 nm AgNPs to the same cell line.
Results
Our data indicate that 5 nm AuNPs were more toxic to A549 cells than 10 nm AuNPs with
increasing concentration (5- 35 µg/mL) after 24 and 48 hours. Notably, when A549 cells were
incubated with 10 nm AgNPs they showed higher levels of toxicity, at 5 and 10 µg/mL than
both 5 and 10 nm AuNPs which further highlighted the more benign nature of AuNPs.
Conclusion
Our results demonstrated that decreasing particle size to sub-10 nm may be linked to
increased toxicity. Work is currently in progress to identify the specific mechanism of such
cytotoxicity, particularly focussing on NPs interaction with the cell membrane and subsequent
cellular uptake.
Summary
Our data has highlighted the need for further systematic investigation to understand the
potential hazardous effects of sub-10 nm NPs on cells.
Keywords
Cytotoxicity, nanoparticles, AuNPs, AgNPs, sub-10nm
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Introduction
There is increasing understanding that exposures prior to pregnancy might interfere with
fetal development. For particles, this could potentially occur if particles deposited in the
lung or translocated systemically might serve as a reservoir, even after termination of
exposure. Particles present in the uterus would for example be present in the tissues in
which the early embryo implants. To investigate the potential developmental toxicity of
preconception exposure to particles in a proof-of-principle study, we intratracheally stilled
naïve, mature female mice with 100 µg of carbon black Printex 90 nanoparticles. After one
month, the female cohabited with a naïve, mature male mouse to achieve pregnancy.
Females carried pregnancy to term, gave birth, and took care of their young during
lactation. Time-to-litter and litter parameters were registered. The central nervous system
has previously shown sensitive to developmental exposure to carbon black, therefore one
male and one female offspring/litter were weaned and assessed for behaviour (open field,
social behavior, acoustic startle response). Brains were dissected for histological analysis of
glial fibrillary acidic protein expression in 3D images in hippocampus (via optical tissue
clearing), and for parvalbumin-positive interneurons and their expression of parvalbumin in
the prefrontal cortex.
Results
There was no signs of effect on litter size, implantation loss, ratio of males to females nor
body weight of the offspring at birth. The remaining outcomes are undergoing analasys and
will be presented at the conference.
Conclusions
If exposure to carbon black prior to pregnancy interferes with fetal development, it might
not suffice to terminate exposure prior to pregnancy to prevent developmental toxicity.
Summary
Exposures prior to pregnancy might interfere with fetal development. To investigate this,
female mice were exposed to carbon nanoparticles one month prior to mating. Gestational
parameters were unaffected; indicators of developmental neurotoxicity (behaviour,
histology) will be presented.
Keywords
carbon, developmental neurotoxicity, preconception, instillation
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Introduction
The European Medicines Agency (EMA) regards the potential risks of human medicinal
products to the environment and their impacts are assessed, as well as management to limit
this impact. Hazard assessment of novel materials, which differ from conventional
chemicals, e.g. nanobiomaterials, poses testing challenges and represents a work‑
in‑progress with much focus on the optimization of required methodologies.
Results and Conclusions
For this work‑in‑progress, we here highlight where changes/updates are required in relation
to the main elements for international testing based on OECD guidelines, supported by
knowledge from the nanotoxicity area. The outline describes two major sections,
nanobiomaterials and environmental hazards, including its challenges and learned lessons,
with recommendations for implementation in OECD guidelines. Finally, the way forward via
a testing strategy is described.
Keywords
Medical devices, Nanomedicine, OECD standardization,
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Introduction: The liver is a key secondary exposure site for engineered nanomaterials (ENMs),
following systemic translocation after their injection, ingestion, inhalation or dermal
exposure. It is unlikely that the liver would be exposed to “pristine” ENM, as interaction with
molecules across multiple biological compartments can transform ENM physico-chemical
properties (e.g. surface chemistry, protein corona, dissolution), altering the materials
toxicological response. Furthermore, the ENM dosing regimen upon in vitro cultures may
influence their biological interaction. Therefore, this study’s objectives were to, 1) evaluate
the toxicological response of repeated, low-dose exposure regimes; 2), understand the
consequence of pre-treating (PT) ENMs with a series of physiologically relevant simulant fluids
(representing gastric-to-intestinal compartments and blood plasma), using in vitro 3D hepatic
cultures.
Results: It was determined that PT ENMs did not significantly impede liver functionality nor
induce elevated cytotoxicity or genotoxicity in 3D HepG2 liver spheroids. However, both
10.0µg/mL of PT TiO2 and PT Ag ENMs were shown to induce a significant (p<0.05) increase
in IL-8 and TNF-α release respectively following acute 24 hour exposure, compared to their
pristine counterparts. This data suggests that pre-treating ENMs in a series of sequential
simulant fluids elevates the release of (pro-)inflammatory mediators and may be influential
in mediating an acute inflammatory response. No significant difference in toxicological
response was seen whether a fractionated or bolus long-term ENM exposure regime was
applied.
Conclusion: This study demonstrates that the added complexity of undertaking daily
fractionated exposures using a 3D liver model is not necessary to fully evaluate long-term
ENM associated toxicity. However, notable differences are observed when comparing acute
(24hr) versus longer-term (120hr) exposure scenarios. Furthermore, when considering the
need to pre-treat ENM with simulant fluids prior to cellular exposures for hazard assessment,
a tiered testing approach should be taken whereby pre-treatment is only required when
substantial physico-chemical transformation of the ENM is observed.
Acknowledgements: The authors would like to acknowledge that this research has received
funding from the European Union’s Horizon 2020 research and innovation program for the
PATROLS project, under grant agreement No.760813.
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Due to the unique properties of nanomaterials (NMs), they have multiple industrial
applications. Nanotechnology development caused an increase of nanoparticles (NPs)
production and usage, thereby it leads to constantly growing their exposure to the
environment. Ecotoxicological effects of NMs differ from conventional chemicals, therefore
methods developed to predict risk related to classic chemicals cannot be straightforwardly
adapted for NMs. In effect, the influence of NPs on aquatic organisms is still uncertain.
Recently, an Adverse Outcome Pathway (AOP) that describes the relationships between
events leading to the adverse outcome was considered to be relevant in risk assessment.
The AOP frameworks for assessing the ecotoxicity effects induced by chemicals were
proposed. Considering that AOP is not chemically specific, refining of delivered so far
pathways for NMs is justified. The challenge would be to identify biologically plausible
events that are induced after NMs exposure and culminate in the manifestation of the
adverse outcome. Hence, the current focus is on developing the pathway of events induced
by NMs leading to adverse outcomes and refining, in consequence, the AOP frameworks to
be suitable for NMs.
Here, we present the preliminary results of data analysis that were aimed in verifying the
relationships between reproduction disorders of D. magna exposed to NMs and other
observed ecotoxic effects (i.e., acute toxicity, oxidative stress). This assay is the first step
that has been taken to find the nano-specific pathways of events, which may be included in
describing and understanding AOP#216.
Keywords
ecotoxicology, nano-AOP, reproduction disorder
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Introduction
Efficient and safe treatment of patients suffering Parkinson’s disease faces many challenges
such as poor blood brain barrier penetration and decreased response to therapy with time.
Nano-drug delivery systems may overcome these problems and can be designed to penetrate
through the blood-brain barrier and interact with the central nervous system without causing
any unwanted side effects. However, their efficiency largely depend on their stability in
biological fluids like human plasma. This study evaluated impact of serum albumin on ability
of novel gold nanoparticles (AuNPs) to be used as delivery system for dopamine or L-dopa
and evaluated on their binding abilities. For this purpose, AuNPs functionalized with
polyethylene glycol (PEG) and adamantane derivatives were prepared. Binding affinity of
dopamine and L-dopa for these AuNPs was evaluated in the presence or absence of serum
albumin using steady-state fluorescence spectroscopy.
Results
Differences in binding constants were observed for L-dopa/dopamine on differently
functionalized AuNPs. The observed quenching mechanism was static in nature for all novel
AuNPs. The presence of serum albumin interfered with L-dopa/dopamine binding on AuNPs.
Conclusions
Binding constants depend not only on the different functionalization of AuNPs, but also on
the presence of serum protein.
Summary
The results showed that the binding constants between AuNPs and L-dopa/dopamine depend
on the different coating. Serum proteins have a significant impact on interaction between Ldopa/dopamine and AuNPs and thus on the fate and effects of AuNPs in the body.
Keywords
albumin, L-dopa, dopamine, gold nanoparticles
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Introduction
Although pioneering studies provide evidence that ZnO nanoparticle (NP) exposure can
cause Zn accumulation in the brain and result in neurotoxicity, the underlying molecular
mechanism remains unclear. Moreover, the origin of the neurotoxicity, i.e. whether the
toxicity is derived from the particulate form of ZnO or from Zn2+ released from ZnO NPs is
unknown. Addressing these questions is fundamentally important to the risk assessment
and further safe-by-design of ZnO NPs.
Results
ZnO NPs were intranasally administered via a single dose to four-week-old SD rats, with
ZnSO4 as the ionic control, and analysis 7-days post exposure. The hippocampus was the
main target region of Zn deposition for both treatments and no particulate ZnO was found.
Cholinergic neurotransmission was the main biological process affected following both
treatments. Further analysis found increased release of the neurotransmitter acetylcholine
(ACh), enhanced ACh synthesis, upregulated expression of vesicular ACh transporter, and
suppression of the activity of ACh hydrolysis enzyme (AChE). Zn can either interact with
AChE or cause down-regulation of AChE expression.
Conclusions
ZnO NP and ZnSO4 exposure caused significant Zn accumulation in the hippocampus and
induced similar pathological changes and a cascade of signalling effects related to
cholinergic neurotransmission. ZnO NPs increased the release of neurotransmitter ACh by
enhancing ACh synthesis or transportation or by inhibiting the activity of AChE. ZnO NPs
suppressed AChE activity, possibly due to the interaction of Zn2+ with AChE altering its
secondary structure or via a transcriptional down-regulation mechanism.
Summary
The excessive Zn accumulation and consequent disturbance of cholinergic
neurotransmission in the brain indicate that inhalation of ZnO NPs may be a risk factor for
neurological disorders such as Alzheimer’s disease. The finding that Zn2+ released from ZnO
NPs was the main contributor to the observed biological effects provides a basis for safe-bydesign of ZnO NPs.
Keywords
ZnO NP, Neurotoxicity, Acetylcholine, Acetylcholinesterase
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Introduction
Anthropic activities in New Caledonia, such as mining amplify the natural erosion of
nickel mines soils leading to atmospheric emission of nickel oxide nanoparticles
(NiONPs). New Caledonia is particularly affected by nickel mining activities. Workers
and population living nears could be exposed to NiONPs. After inhalation, pulmonary
artery endothelial cells (HPAEC) could be a direct target of nanoparticles. Oxidative
stress and calcium homeostasis alterations are critical events involved in the
physiopathology of vascular diseases. Only a few studies have investigated the effect
of NiONPs on pulmonary vascular endothelial cells. The aim of this study was to
assess the mechanism of calcium homeostasis alterations after NiONPs exposure.
HPAEC were exposed to NiONPs (0.5-5 μg/cm²) during 4 or 24 h. Different endpoints
were studied (i) ROS production by fluorimetry (ii) calcium signaling and TRPV4
activity respectively by confocal microscopy and qPCR.
Results
NiONPs induced oxidative stress, characterized by an increase in ROS production,
and a basal cytosolic calcium level ([Ca2+]i) increase. A pre-treatment with antioxidant
enzymes reduced in a concentration-dependent manner the NiONPs induced calcium homeostasis alterations. Interestingly, the extracellular calcium
chelator (EGTA) and a TRPV4 channel antagonist (HC-067047) significantly reduced
the NiONPs-induced calcium alterations suggesting that NiONPs-induced ([Ca2+]I rise
involve mostly the extracellular source of calcium.
Conclusion
Our results seemed to show that NiONPs-induced intracellular calcium homeostasis
impairment is closely correlated to calcium channels disruption and partly to oxidative
stress what could present a cardiovascular disease risk.
Summary
The present study shows that NiONPs induced in HPAEC an intracellular ROS
overproduction leading to a [Ca2+]i rise. The disruption of intracellular calcium
homeostasis can be explained by oxidative stress and calcium membrane channels
alterations, particularly the TRPV4 channels. Thus, workers and population exposure
to NiONPs in New Caledonia may be a risk factor for the exacerbation of preexistent
vascular diseases.
Keywords
nanoparticles, calcium, ROS, endothelial cells
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Introduction: Increasingly male infertility and adverse endocrine disruption associated health
effects are growing global concerns. The BIORIMA project aims to assess the applicability of
current testing methodologies, including those incorporating male reproductive cell lines, for
market ready Bio-nanomaterials (BNMs) utilised in various medical applications. As BNM
exposure grows test methods must be further developed and validated with less reliance on
in vivo testing. We explored an extended in vitro exposure model and tested methods to
assess complex nanoforms. BNMs were tested in TM3 (Leydig) and TM4 (Sertoli) male
reproductive cell lines (0.125 to 100 µg/ml) for 24h. In vitro cytotoxicity was assessed using
LDH and WST-1 assays. Colony Forming Efficiency (CFE) assay was optimized with each cell to
determine its suitability for use.
Results: Metal based BNMs were cytotoxic to both cells in the following rank order;
silver>gold>iron, with Leydig cells more adversely affected than Sertoli cells at lower doses.
Lipid based BNMs were cytotoxic to both cell lines, with varying responses observed
dependant on cell type. Cells exposed to conditioned media from damaged and undamaged
PLLA fibre scaffolds incorporating HA negatively affected TM3 & TM4 cell viability. Whilst
conditioned media from damaged PLLA fibres disks incorporating AgNP only affected TM4
cells. Both cell lines successfully formed colonies and met all CFE test acceptance criteria.
Conclusions: Sertoli cells are pivotal in maintaining the blood-testis-barrier (BTB). Leydig cells
play no role in barrier function, possibly explaining TM3’s higher BNM sensitivity. We
conclude the WST-1 assay appears to be fit for BNM assessment, however the LDH assay was
less reliable.
Summary: For robust hazard assessment a combination of tests is recommended e.g. noncolorimetric assays (CFE) supported by colorimetric assays (WST-1). This project has received
funding from the European Union’s Horizon 2020 research and innovation programme under
grant agreement No 760928 (BIORIMA).
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The use of nanomaterials is becoming a standard in our everyday life. Nevertheless, the
toxicology of these new nanomaterials may be very different from the one of the
corresponding bulk material. Toxicology prediction using in-silico methods of this type of
materials is necessary due to the huge number of structures, compositions and size effects in
nanomaterials. To minimize the toxicology effects of materials, the clever engineering of
nanomaterials is gaining great relevance in establishing the relationship between the
descriptors of toxicology (used in the statistical analysis of toxicology as in Quantitative
Structure-Activity Relationship methods) and the physicochemical properties of
nanomaterials.
In this work, we have used new Molecular Dynamics simulations at finite temperature
coupled with Density Functional – Tight Binding method to study the interaction and the
structural surface parameters of bare and hydrogenated ZnO and TiO2 surfaces in
nanomaterials with water. Structural parameters include the analysis the relative position
among the atoms and chemical bonds on and below the surface, the Radial Distribution
Function for nanoparticles, and 1D distributions perpendicular to the surfaces as new possible
descriptors for toxicology prediction.
Including this new set of structural parameters in statistical models for toxicology prediction,
we expect to improve the quality of results previously obtained in the literature.1,2
This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 814426 (NanoInformaTIX).
Keywords
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T. Puzyn, et al. Perspectives from the NanoSafety Modelling Cluster on the validation criteria for (Q)SAR models
used in nanotechnology. Food and Chemical Toxicology, 112 (2018) 478-494.
2 R. Liu, et al. Development of structure–activity relationship for metal oxide nanoparticles. Nanoscale, 5 (2013)
5644–5653.
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Introduction
So far, rodent studies on the effects of engineered nanomaterials (ENM) on the gut
microbiome have led to a broad range of results. In two independent studies, C57BL6/J mice
were fed with ENM-containing pellets ad libitum. In substudy 1, female mice were exposed
to 1% SiO2 or 1% CeO2 in feed (w/w) for three weeks. In substudy 2, both female and male
mice were exposed to 1% TiO2 P25 or 0.2% Ag-PVP in feed (w/w) for four weeks. The
microbiome was analysed by 16S rDNA sequencing.
Results
Differences in β-diversity were shown between the female control animals of the two
substudies and between male and female mice in substudy 2. A decreased relative abundance
of the phylum Actinobacteria was observed in SiO2 treated mice. In female mice, the relative
abundance of the genus Roseburia was increased with Ag-treatment. We did, however, not
detect a significant ENM effect on overall α- or β-diversity.
Conclusions
The observed differences between the sexes and between the control mice of the two
substudies, which originated from distinct breeding facilities, emphasise the importance of
the study design when exploring ENM effects on the microbiome. The respective SiO 2- and
Ag-specific effects concern taxa that are pivotal for human gut homeostasis. Yet, the meaning
of the current findings for potential health risks needs further study.
Summary
In a realistic short-term exposure scenario, four well-investigated ENM did not cause major
effects on the murine gut microbiome. The ENM-specific effects on probiotic taxa demand
further investigation. Moreover, standardisation of microbiome studies to increase their
comparability is strongly needed.
This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 760813, the Seventh Framework
Programme under grant agreement No 310451, and the German Federal Ministry of
Education and Research (FKZ 031L0020).
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Introduction
The use of nanobiomaterials (NBMs) can support an enhancement of drug distribution,
resulting in increased drug penetration into key tissues. Experimental in vitro data can be
integrated into computational approaches to simulate NBM absorption, distribution,
metabolism, and elimination (ADME) processes and provide quantitative pharmacokinetic
predictions. The aim of this study is to develop a novel mechanistic and physiologically based
pharmacokinetic (m-PBPK) modelling to predict the biodistribution of NBMs focusing on
Doxil. A whole-body m-PBPK rat model was designed in Simbiology v. 9.6.0 (MATLAB R2019a).
The main processes underpinning NBM ADME were represented considering molecular and
cellular mechanisms such as stability in biological fluids, passive permeability, and uptake
activity by macrophages.
Result
The predicted maximum concentration (Cmax) of Doxil after 24 hours in the spleen, lungs, liver,
kidney, heart, and skin were 6.2 µg/g, 4.4 µg/g, 5.4 µg/g, 0.32 µg/g, 0.14 µg/g and 0.07 µg/g
compared to observed Cmax of 7.2 µg/g, 1.6 µg/g, 1.3 µg/g, 1.3 µg/g, 1.7 µg/g and 0.46 µg/g,
respectively. The predicted plasma Cmax and AUC0-inf of Doxil were 22 µg/mL and 560 µg.h/mL
compared to observed Cmax and AUC0-inf of 15 µg/mL and 610 µg.h/mL.
Conclusions
Despite underestimation of Doxil concentrations in the spleen and kidney and overestimation
in the lungs and liver, the m-PBPK model provided a valuable estimate of NBM accumulation
in organs with the presence of macrophages (spleen, lungs, and liver) as described in the
literature. The m-PBPK represents a predictive platform for the integration of in vitro and
formulation parameters in a physiological context to quantitatively predict the NBM
biodistribution.
Summary
The developed m-PBPK model was applied to predict Doxil biodistribution and estimate the
accumulation into key tissues, representing a flexible framework to rationalise the design,
optimisation, and assessment of NBMs.
Keywords
Doxil, PBPK, nanoparticle, distribution
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Introduction
Metal oxide nanoparticles (NP) have a wide variety of applications in consumer products and
biomedical practices. Recently, salivary leucocytes have been proposed as non-invasive
alternative to peripheral blood leucocytes to evaluate the toxic effects of recent exposure to
environmental contaminants, particularly those involving inhalatory or oral exposure routes.
The present study aimed at evaluating the potential genotoxicity of titanium dioxide (TiO2)
NP, frequently present in consumer products, in salivary leucocytes in vitro. Primary and
oxidative DNA damage were evaluated by the standard alkaline comet assay and the hOGG1
enzyme incubation modification, respectively. Possible interferences of the NP with the
methodological procedure or the OGG1 activity were addressed prior to analyses.
Results
TiO2 NP did not interfere with the assay methodology or OGG1 enzyme activity. Agreeing
with previous studies employing a number of different cell types, results obtained in this work
showed a progressive and significant increase of both primary and oxidative DNA damage
after TiO2 NP treatments.
Conclusions
Data obtained contribute to increase the knowledge on the impact of metal oxide NP on
human health, and to support the need of proper regulation of nanomaterials’ use in
consumer products and biomedical applications. Moreover, our data support the use of
salivary leukocytes as a proper biological sample for genotoxicity studies of nanomaterials, as
well as reinforce the importance of testing the suitability of standard toxicology protocols for
risk assessment of nanomaterials exposure.
Summary
TiO2 NP genotoxicity was tested in salivary leucocytes. They induced primary and oxidative
DNA damage, but did not interfere with the methodology used. These results support the use
of salivary leucocytes as suitable biomatrix for assessing nanomaterials genotoxicity.
Acknowledgments
Xunta de Galicia [ED431B 2019/02], Ministerio de Educación, Cultura y Deporte
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Introduction
The potential application of nanoparticles (NPs) in medicine has been subjected to several
challenges, especially in terms of their interaction with biomolecules. Despite the numerous
published data on nano-bio interactions, the role of protein glycosylation on the formation,
characteristics, and fate of such nano-bio complexes is almost completely neglected, although
most serum proteins are glycosylated. This study aimed to investigate the effect of
glycosylation on the protein corona formation on surface of different AuNPs. For this purpose,
we compared the mechanism of binding between different AuNPs to non-glycosylated
proteins such as bovine serum albumin (BSA) and recombinant non-glycosylated transferrin
(non-glycoTRF), with the glycosylated form of transferrin (glycoTRF).
Results
Differences in binding strengths were observed between proteins and AuNPs of different
sizes. Correspondingly, changes in binding were observed upon interaction with AuNPs of the
same surface structure, but different shape. Changes in the secondary structure and binding
strength were not the same for glycoTRF and non-glycoTRF, after interaction with the same
type of NPs.
Conclusions
Formation of the biomolecular corona, and thus biological fate of NPs depend not only on the
physico-chemical properties of NPs, but also on the glycosylation status of proteins.
Summary
The results showed that the binding strength between AuNPs and proteins, and the changes
in the secondary protein structure that occur due to binding, largely depend on the physicochemical properties of nanoparticles as well as on protein glycosylation. Comparing the
binding properties between glycoTRF and non-glycoTRF with different NPs showed that
glycosylation can have a significant impact on biomolecular corona formation and thus on the
fate of NPs in the body.
Keywords
nanomedicine, biomolecular corona, BSA, Transferrin
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Introduction
Advanced manufacturing fuses polymer microparticles into 3-D-printed parts. Since this
application of primary microplastics destroys their particle shape, it is derogated from the
ECHA restriction of primary microplastics. Nevertheless, taking into account for potential
spills and losses, their environmental fate and degradation needs to be investigated. Here we
adapt the ISO22293:2020 NanoRelease protocol, which was originally developed to quantify
the release of fragments from plastic parts under weathering, to assess the formation of
nanoplastics from microplastic powders of polyamide-6 (PA-6) and thermoplastic
polyurethane (TPU). We developed protocols for size-selective quantification and chemically
selective identification of fragments generated by abiotic weathering and by microbial
degradation in soils or composts.
Results
Most polymer powders, except for aliphatic TPUs, showed an increase in carbonyl/hydroxyl
groups, changes in morphology (holes/structures under the surface), and a molar mass
reduction with increasing UV dose. The released fragments after UV aging were separated via
filtration or sedimentation. We observed a lag time before fragmentation, in accordance with
earlier studies on macroscopic coatings. With increasing duration of UV irradiation, a larger
amount of smaller fragments was formed.
Conclusions
Microplastic degradation depends on the chemical composition, e.g., the morphological and
structural properties of aged TPU differ from PA. Furthermore, TPU ethers/esters as well as
aromatic/aliphatic TPUs show differences in their lag time and the sizes of released
fragments. The presented results enable a correlation to the fragmentation of microplastics
down to nanoplastics.
Summary
Raw materials used for advanced manufacturing (PA-6 and TPU powders) might be emitted
by spills, and can then degrade by abiotic (UV) or microbial processes, partially releasing
nanoplastics. Reaction rates remain to be determined.
Keywords
microplastics, nanoplastics, release, aging, fragmentation
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Introduction
Fused Filament Fabrication (FFF) is the most widely accessible Additive Manufacturing (AM)
technique. FFF is extensively applied on an occupational setting, as well as practiced by a large
worldwide non-professional community. Implementation of FFF manufacturing in high
performance applications is introducing the need for development of specialized nanoenabled filament feedstock materials. Use of Nanomaterial containing filaments can offer
unique properties such as electrical conductivity and enhanced mechanical strength. Hazards
identified in FFF AM are ultrafine (<100nm) particle and VOC emissions.
Methodology
In this work, we explore an FFF production cycle design case study from the perspective of
the assessment of nanoparticle emission potential. Three different prototype filament
materials have been selected as potential candidates for microfluidic device manufacturing
(2 PLA-based copolymers and 1 nanoparticle reinforced -Reduced Graphene Oxide- PLA
filament).
Results
A comparative emission assessment study for the three candidate materials was performed,
using portable equipment for measurements of airborne particle concentrations, and
representative occupational exposure scenarios were formulated, using the results of the
measurements and the projected work practices as input. The impact of a crucial emission
determinant -the nozzle temperature- was studied.
Conclusions
The output of the emission assessment activities was the identification of high-emission
phases of the print process, the definition of the highest emitting materials and generation of
supportive information on the safest material/printing setup configuration. These all led to
the development of an array of practical recommendations for enhancing occupational safety
in nano-enabled filament 3D printing processes.
Summary
This study consists of an emission assessment between three different candidate materials
for a highly specialized manufacturing process. The output of this work is supportive for
designing inherently safer FFF processes. A similar approach can be implemented for the
assessment of ultrafine particle/nanomaterial release from operations employing thermal
processing of nano-enabled composites.
Keywords
exposure assessment, 3D printing, rGO
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Introduction
Synthetic amorphous silica (SAS), or E 551, is the second most produced food additive and
widely used due to its anti-caking properties. Nevertheless, in 2018 the European Food Safety
Authority considered the available data on oral toxicity of food-grade E 551 to be still
insufficient for a reliable risk assessment. This study essentially contributed to close this gap.
It investigated the impact of food-grade SAS materials on two human in vitro intestinal barrier
models of increasing complexity and in vivo relevance: differentiated Caco-2 monocultures
and a mucus-secreting Caco-2/HT-29/Raji co-culture model. Potential structure-activity
relationships were addressed using a panel of SAS differing in size, surface area and
production route and a set of mucus-compatible in vitro assays.
Results
Upon treatment for 48 h with up to 50 µg/ml SAS, a dose range relevant to dietary exposure,
cell viability, barrier integrity or the formation of reactive oxygen species were not affected
in either model. In addition, the co-culture model revealed no impact on microvilli function
and the release of inflammatory cytokines. Few SAS elicited marginal biological responses on
iron uptake and gene expression levels of mucin-1 and G-protein coupled receptor 120.
Conclusions
Despite differences in production routes and material characteristics, food-relevant SAS do
not elicit acute toxic responses in both in vitro models. The observed minor biological impact
cannot be clearly correlated to distinct SAS properties.
Summary
We provide novel insights on the short-term influence of distinct E 551 on the intestinal
epithelium. The range of intestine-specific functional endpoints highlights the importance of
using advanced co-cultures of all relevant cell types as well as a protective mucus barrier to
comprehensively understand the biological response of food additives at the intestinal barrier
in vitro.
Keywords
in vitro, intestinal co-culture, dosimetry
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Introduction
Titanium dioxide (TiO2) nanoparticles (NPs) are increasingly used as UV-protective substances
in sunscreens. To prevent photocatalytic effects and enhance their dispersibility in water- or
oil-based lotions, TiO2 NPs are engineered with different surface chemistries. Literature
reports an abundance of sunscreen components in natural water bodies, giving rise to
concern that exposure of aquatic organisms, such as fish, occurs. To this date, little is known
about the toxicity of TiO2 NP-based UV filters, and even less on their interaction and combined
effects with other co-existing pollutants, such as organic UV filters.
Results
In this study, we determined the toxicity of three types of TiO2 NP-based UV filters (Eusolex®
T-Avo: SiO2-coated; T-Lite™ SF: Al(OH)3/PDMS-coated; and Eusolex® T-S: Al2O3/stearic acidcoated) applied alone and as binary mixture with organic UV filters (Octinoxate, Avobenzone,
Octocrylene) to fish gill cells (RTgill-W1) using fluorescence-based assays measuring effects
on metabolic activity, plasma membrane damage, lysosomal integrity. In addition, NP uptake
by the cells was examined by TEM. All TiO2 NPs were not cytotoxic at the concentrations
tested (0.1-10 µg/ml; 24 h). The organic UV filters, in contrast, showed dose-dependent
cytotoxicity between 3.1-100 µM. For the mixtures, lower toxicity was generally observed
than for the single substances, and the level of decrease depended on both NP-type and
concentration. Furthermore, T-Avo was endocytosed but the hydrophobic NPs T-Lite SF and
T-S were not.
Conclusions
The degree of interaction between nanoparticulate and organic UV filters co-existing in
sunscreens/the environment, and cellular uptake of the NPs/NP-chemical complexes
depends on their respective physico-chemical properties. More research is needed to
understand the interaction kinetics under varying conditions and the mechanisms underlying
combination effects.
Summary
It was assessed if the surface chemistry of TiO2 NP-based UV filters influences the interaction
and cytotoxicity of co-existent organic UV filters. The results corroborated the hypothesis.
Keywords
engineered nanoparticles, mixture toxicity
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Introduction
The growing industrial and commercial production of graphene related materials (GRMs) and
GRM-based products has led to an increased risk of potential human exposure, and
subsequently raised scientific and public concern about human health and safety. Even
though human exposure GRMs can occur via different pathways, the main exposure route for
airborne GRMs is through the lungs, thus placing the respiratory tract at particular risk.
Occupational exposure to GRM might occur repeatedly over a prolonged period of time,
therefore it is crucial to obtain a mechanistic insight into the lung toxicity of long-term,
repeated, low dose administration. Another aspect to consider in GRM occupational exposure
is that exposed individuals might suffer from respiratory bacterial infections, caused by for
instance Streptococcus pneumoniae (SP). With this study we aim to investigate the chronic
consequences of GRM exposure in both healthy and SP-infected reconstituted primary
human bronchial epithelium and to assess if GRMs increase the susceptibility to lung
infections.
Results
Our findings revealed that long term (up to three weeks), repeated exposures at realistic low
GRM concentrations did not affect cell viability or membrane integrity in healthy cells, but it
did induce significant alterations in inflammatory/immune signalling. In addition, SPinfections on long-term GRM exposed cultures resulted in significant decrease in
mitochondrial activity, notable basolateral bacterial transmigration as well as evident
inflammatory responses as demonstrated by cytokine profiling measurements.
Conclusions
SP-infected cells revealed stronger long-term effects following long-term pre-exposure to
GRMs compared to healthy cells indicating that exposed individuals may be more susceptible
to SP bacterial lung infections. Whole genome transcriptomic profiling via RNA sequencing
technology is currently ongoing to gain detailed insights in deregulated genes and pathways
following chronic GRM administration and to determine whether chronic exposure to GRMs
is critical for the invasiveness of lung infections.
Keywords
Graphene, lung, infections, chronic exposure
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Introduction
Engineered nanomaterials interact with biological systems for better or worse. There is a
broad consensus in the nanotoxicology community concerning the importance of careful
characterization of the physico-chemical properties of nanomaterials including chemical
composition, size, shape, surface charge, rate of dissolution, and so on. Indeed, it is axiomatic
that the interface between nanomaterials and biological systems (intra- and extracellular
structures) is defined by the surface of the nanomaterial in question.
Results
Recent studies on a large panel of engineered nanomaterials of varying composition and with
different surface modifications have disclosed that the nanomaterial surface is a key driver of
toxicity; in particular, immunotoxicity/inflammation, as evidenced using both in vitro and in
vivo models. Using transcriptomics-based approaches, surface-dependent perturbations of
specific pathways were identified at low dose exposures to nanomaterials (defined as doses
at which very low or no cytotoxicity was seen). Furthermore, recent studies using a panel of
amorphous silica nanoparticles with varying surface chemistries demonstrated that silica
nanoparticles drive a pro-inflammatory cell death in monocytes that is distinct from other
known modes of cell death (apoptosis, necroptosis, ferroptosis) while surface modification of
the particles served to mitigate these effects, suggesting a safe-by-design strategy for this
class of materials.
Conclusions
Taken together, our studies have shown that the surface properties of engineered
nanomaterials play an important role both in vitro and in vivo, though a role for the core
chemistry of the material cannot be discounted. Furthermore, we have shown that
transcriptomics approaches coupled with bioinformatics analysis may aid in deciphering the
biological effects of engineered nanomaterials especially at low dose exposures.
Funding
This work was supported by the European Commission through FP7-NANOSOLUTIONS, grant
agreement no. 309329; H2020-BIORIMA, grant agreement no. 760928, and the Swedish
Foundation for Strategic Environmental Research (MISTRA).
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Introduction:
The topic of microplastics has been increasingly investigated in recent years due to the
extensive public interest in the fate of plastic waste and possible transfer into the human food
chain with unknown impact on human health. Microplastics is widely defined as polymer
particles of different materials in a size range between 1 µm (0.001 mm) and 5 mm. Although,
methodological challenges still exist for these particles, the scientific knowledge on their
intestinal toxicity has increased. According to current knowledge, particles bigger than 1.5 µm
are unlikely to be bioavailable and effects are only detected in overload situations, decades
above realistic exposure scenarios. The situation for particles smaller than 1 µm, however, is
much more challenging.
Results:
The BfR conducts research projects to compare microplastic particles of food-relevant
materials (polyvinylchloride, melamin resin, metacrylate, polylactic acid, polystyrene) with
particles with sizes below 1 µm, down to 25 nm. Cellular particle uptake and transport over
the intestinal barrier as well as toxicological endpoints are investigated using human in vitro
cell models. Aim is the investigation of possible mechanisms which could have an impact on
human health, to achieve a better understanding of the risks which could be caused my
submicron- and nanoplastic particles.
Conclusions / Summary:
According to experiences from nanotoxicology, an increased uptake and biodistribution is
possible for smaller particles in the submicron- and nano-range. While no intentionally
produced nanoplastics are known, it is plausible that these particles can emerge from bigger
plastic particles by weathering and decomposition, although quantitative investigations are
very limited due to insufficient analytical methods for these small polymer particles. The fate
of such particles remains still unclear, making it necessary to investigate particles below 1 µm
in size in toxicological approaches.
Keywords
Microplastics, Nanoplastics, Oral, Risk Assessment
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Introduction - In the context of the H2020 BIORIMA project, we have developed a
framework for the occupational risk assessment of nano-biomaterials used in medical
devices and advanced therapy medicinal products. This framework was implemented in a
software-based Decision Support System (DSS): https://sunds.gd. To demonstrate the DSS
we applied it to investigate the occupational risks of magnetite (Fe3O4) nanoparticles
coated with PLGA-PEG block copolymer used as contrast agent in magnetic resonance
imaging (MRI) and classified as medical device.
Results - Exposure scenarios for each life cycle stage were developed based on
information from the literature, inputs from BIORIMA industry partners and results of a
questionnaire, which was distributed to healthcare professionals (i.e., physicians, nurses,
technicians) who use the contrast agent for MRI imaging in their daily routine. Routespecific exposure estimates were obtained either from predictive exposure models or
monitoring campaigns performed at the premises of our industrial partners. The
comparison of the measured/estimated exposure levels with Derived No-Effect Levels
(DNELs) resulted in quantitative risk estimates for each scenario. The analysis also
included probabilistic assessment of the uncertainty in the obtained results. The risk
assessment results revealed negligible risks for workers along the life cycle of the Fe3O4based MRI contrast agent. However, the assessment also revealed relatively high levels of
uncertainty, mainly due to the derivation of DNELs from animal studies through
extrapolation factors.
Conclusions - The study demonstrated the BIORIMA DSS as a powerful tool for
occupational risk assessment of nano-biomaterials used in medicine. The study concluded
that the occupational risks of Fe3O4-based biomedical product are acceptable, mainly due
to the generally negligible release of magnetite nanoparticles along the lifecycle. Indeed,
the substance was synthesized, formulated, used and disposed following strict procedures
and the adopted risk management measures were adequate to protect workers, and
therefore avoid unacceptable occupational risks.
Summary
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•
•

The applicability of the BIORIMA DSS was demonstrated in a real case study by
quantifying occupational risks of magnetite nanoparticles coated with PEG-b- PLGA
used as contrast agent for MRI imaging
Predictive exposure models and data from monitoring campaigns were used to
estimate route-specific exposures
The risk assessment results revealed negligible risks for workers along the life cycle
of this nano-enabled MRI contrast agent due to the adoption of risk management
measures.
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Introduction
The number of ecotoxicity studies on nanoplastics and microplastics has been increasing
steadily. This emphasizes the importance to provide assessment criteria for the quality of
studies to be used for different purposes.
Results
Existing criteria for studies of engineered nanomaterials were evaluated regarding their
applicability to nanoplastics. We applied the GUIDEnano and DaNa criteria to polystyrene
nanoplastic (PS NPs) studies (n=47) which currently represent the majority of nanoplastics
studies. While most of the studies complied with criteria addressing general aims of the
study, many criteria regarding the particle properties were not met. Among those, some
criteria were not entirely relevant for PS NPs and other primary nanoplastics in its original
formulation: stability of substance in terms of dissolution (as leaching is more relevant for
nanoplastics), acidity/basicity, and KoW. The GUIDEnano criteria resulted in stricter scoring
for PS NPs studies; roughly 40% of studies were unacceptable according to GUIDEnano
criteria for regulatory decision making. In case of using DaNa criteria, only 19% of studies is
unacceptable for knowledge communication.
When the nanoplastics irrelevant questions were removed from the GUIDEnano list more
studies were found acceptable, implying a need for a refinement of existing nanomaterial
criteria for nanoplastics. Based on the evaluation of the PS NP studies, additional
nanoplastic specific criteria were suggested: polymer chemical composition, source and
protocol for nanoplastics production and field collection, impurities, chemical additives and
their leaching, density, hydrophobicity, colour.
The final list provided here is intended as a starting point for further elaboration, taking
different purposes for an evaluation into account.
Conclusions
We conclude that existing quality evaluation approaches originally developed for
nano(eco)toxicology studies can be adopted to the evaluation of nanoplastics studies. Study
quality evaluation criteria depend on the purpose of data usage. The future development of
criteria for secondary nanoplastics as well as for microplastics is planned.
Acknowledgement: Part of this work was funded by the German Federal Ministry for
Education and Research (BMBF) under grant nos. 03X0131 (DaNa2.0 project) and 03XP0282
(DaNa4.0 project). Additional funding was provided by NANORIGO - Establishing a
Nanotechnology Risk Governance Framework, Grant Agreement no. 814530.
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Introduction
A QSAR model was developed to predict the response (immobilization) of Daphnia magna
following exposure to metal and metal oxide nanomaterials. A combination of the Hill
equation to quantify the dose-response relationship and a QSAR model obtained from CORAL
software (www.insilico.eu/coral) was employed for this purpose. The values of the
descriptors representing the physicochemical properties and experimental conditions were
coded according to the simplified molecular-input line-entry system (SMILES). Dose-response
data were used in fitting Hill coefficient (nH) and then plugged in Monte Carlo optimization
which is represented by the CORAL software.
Results
For a preliminary study, simple linear regression of nH was employed as the basis of the
modelling, after which more complex Monte Carlo optimization was performed. The model
showed highly satisfactory statistical results R2 of 0.982 and 0.971 for the training and testing
dataset, respectively, as shown in Fig. 1.
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Fig. 1 Simulation of Dose-response relationships of 4 metals and 5 metal oxides nanomaterials
for Daphnia magna immobilization. All available experimental dose-response combinations
for the nanomaterials studied, are included in this figure.

Conclusions
The precision of simulation of Dose-response relationships of metals and metal oxides
nanomaterials onto Daphnia magna immobilization are dependent on the accuracy of nH
simulation. Provided that the value of nH of various nanomaterials is well correlated with the
physicochemical properties of the nanomaterials employed and the experimental conditions,
the developed model is to be classified as a realistic model that is well capable of predicting
responses of D. magna towards metallic nanomaterials.
Summary
A State-of-the-Art model was developed to simulate Dose-response relationships of metals
and metal oxides nanomaterials onto Daphnia magna immobilization. The model is based on
a combination of the Hill equation and a QSAR model obtained from CORAL software. The
pilot model simulation showed excellent statistical results with average R 2 above 0.95.
Keywords
Dose-response relationships, QSAR-model, Daphnia magna
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Introduction
In the NanoInformaTIX project we are developing a sustainable data management and multiscale modelling framework to optimise the (eco)toxicity and exposure assessment of
engineered nanomaterials (ENMs) for both risk assessment and safe by design purposes. This
framework will be implemented as a web-based platform specifically tailored to the needs of
stakeholders from industry, regulatory bodies and academia.
Results
The platform will be implemented as a digital EU hub connecting relevant databases to insilico models (i.e. Materials, Exposure, Physiologically-Based Pharmacokinetics (PBPK),
Quantitative-Structure-Activity Relationships (QSAR) and System Biology) with the objective
to support specific tasks of relevance for nanomaterials’ risk assessment and safety by design.
Such tasks include, but are not limited to dose-response assessment, vitro-in vivo
extrapolations (IVIVE), grouping and read-across.
To enable the user to design chains of data sources and models corresponding to specific
analyses (e.g. prediction of genotoxicity, dose-response assessment, IVIVE), the databases
and models will be linked to the platform by means of a common Application Programming
Interface (API). The interoperability between models and/or data repositories is performed
following the Modelling Data Elements (MODA) scheme of the European Materials Modelling
Council. Results of the analyses will be presented as both dynamic charts and textual reports.
To obtain optimal confidence in the use of the platform, the models, their inputs and outputs,
their applicability domains, and the steps to create the model chains will be carefully
documented according to established standards and Good Practices. Specific protocols to
integrate new models in the future will also be developed. The technical implementation of
the platform is graphically described in Fig. 1. All the services described in Fig. 1 are running
in Docker containers.
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Fig. 1: Schematic overview of the technical implementation of the current version of the
platform. The frontend is based on Meteor and React, while the backend is based on
FastAPI, and currently supports executing models programmed in R, Python or JavaScript.
Data is stored in MongoDB.
Conclusions
The NanoInformaTIX framework and the platform are currently under development. A first
prototype of the platform is already available to project partners, while the final version will
be released in 2023.
Summary
- In the NanoInformaTIX project we are developing a sustainable data management
and multi-scale modelling framework to facilitate the (eco)toxicity and exposure
assessment of engineered nanomaterials (ENMs) towards more cost-effective risk
analysis and safety by design.
• This framework will be implemented as a web-based platform specifically tailored to
the needs of stakeholders from industry, regulatory bodies and academia.
• The NanoInformaTIX framework and the platform are currently under development.
A first prototype of the platform is already available to project partners and
stakeholder, while the final version of the platform will be released in 2023.
Keywords
Modelling, Databases, Software infrastructure, Nanoinformatics
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Introduction
For toxicity testing of airborne NPs, air-liquid interface (ALI) exposure systems have been
developed for in vitro tests with lung cell cultures to mimic realistic exposure conditions. We
have chosen the VITROCELL Cloud system, and the human bronchial epithelial cell line, Calu3. These cells can be cultured at ALI conditions for several weeks while retaining a viable and
stable monolayer with formation of tight junctions. To further improve physiological
relevance, we added macrophages derived from human blood monocytes or from human
THP-1 monocytes, to the Calu-3 cell layer.
Results
As a first step to advance these models towards regulatory use we initiated interlaboratory
studies with PATROLS partners and external ones. The first study compares deposition upon
aerosolization of quartz silica particles (DQ12) and TiO2 (NM-105) NPs. First results show
similar deposited doses between the participating laboratories. The results are also used to
select an appropriate particle concentration for the cell-based experiments (second study) in
which exposure effects of DQ12, TiO2 NPs and LPS (as positive control for the responsiveness
of macrophages) are compared. Trans-epithelial electrical resistance (as measure of barrier
function), cell viability (WST-1 and LDH), and secretion of IL-6, IL-8, and TNF-α are measured.
Conclusion
First results show adequate intra-laboratory reproducibility. Investigations are ongoing and
interlaboratory reproducibility is being evaluated.
Summary
In an interlaboratory study, in the first stage, deposition of DQ12 and TiO2 NPs is compared
in the VITROCELL Cloud-system. In the second stage, the human bronchial epithelial cell line,
Calu-3, is exposed to these particles at the air-liquid interface in the presence or absence of
macrophages derived from primary monocytes or a monocyte cell line. First results show
similar deposited doses between the participating laboratories. Investigations are ongoing;
interlaboratory reproducibility is evaluated.
Funded by EU-project PATROLS (Physiologically Anchored Tools for Realistic nanomaterial
hazard aSsessment), No. 760813.
Keywords
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Introduction
Traditional Human Health Risk Assessment and Life Cycle Assessment (LCA) rely on animal
studies to provide information about nanomaterials toxicity. The reduction of such studies
due to their costs, ethical issues, and reproducibility concerns represents a challenge for
these methodologies. In a previous work, we identified dosimetry as a mature in silico tool
that could support the use of in vitro toxicity data in place of in vivo studies. In vitro
dosimetry simulates the deposition of particles on the cells in submerged systems, while
lung dosimetry simulates the deposition of particles in the respiratory tract. While such
models already exist, they are stand-alone and time-consuming to apply to big data sets.
Results
We developed a Combined Dosimetry model (CoDo) that estimates the exposure levels
corresponding to the concentrations used in vitro in submerged systems, accounting both
for in vitro and lung deposition processes. CoDo includes multiple exposure scenarios and
allows batch processing. Using the model, we evaluated the last five years of publications
about Titanium dioxide toxicity on lung cells in vitro and compared the estimated exposure
levels to the Occupational Exposure Limits. The results show that the doses used in vitro are
representative of longer exposure times, e.g. one year of exposure in the workplace.
Instead, when considering the same exposure times as in vitro, only a third of the doses
used are realistic.
Conclusions
Identifying which in vitro doses are realistic can help to select the data that provides
relevant information for Risk Assessment and LCA, and avoid overload conditions.
Moreover, CoDo can be used to link in vitro toxicity to human exposure, by estimating the
exposure levels corresponding to in vitro doses.
Summary
- CoDo simplifies the evaluation and choice of in vitro doses.
- Most doses used in vitro represent long exposure times
Keywords
Inhalation, OEL, dosimetry
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In vitro-in vivo correlations of pulmonary toxicity caused by MWCNT
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Introduction: In this talk, I will present a study where we assessed pulmonary
inflammation (Interleukin-8 expression, IL-8) and genotoxicity (DNA strand breaks) of multiwalled carbon nanotubes (MWCNT) with different physical-chemical properties in vitro and
correlated these to previously published in vivo data. We tested seven MWCNT; two
long/thick (NRCWE-006 and NM-401), two short/thin (NM-400 and
NM-403), a pristine (NRCWE-040) and two surface modified (hydroxylated: NRCWE- 041 and
carboxylated: NRCWE-042), and carbon black Printex90 (CB) as benchmark material. Human
alveolar epithelial cells (A549) and monocyte-derived macrophages (THP-1a) were exposed
to nanomaterials (NM) in submerged conditions. Co-cultures of A549, THP-1a and lung
fibroblasts (WI-38) were exposed to NM-400 and -401 in an air-liquid interface (ALI) system.
Effective doses in submerged conditions at 24h were quantified by thermo-gravimetric
analysis (TGA). In vitro-in vivo comparison of genotoxicity was performed with a scoring
system based on a categorization of effects into standard deviation (SD) units, with
assignments of categories (<1, 1, 2, 3 or 4 standard deviation increases) for the increasing
genotoxicity.
Results: TGA analysis showed that NM in suspension have deposition rates between 20 and
53%. In submerged conditions (A549 and THP-1 cells), NM-401 and NRCWE-006 caused the
strongest inflammatory response. In the ALI-exposed co- cultures, only NM-401 caused
inflammation. Strong correlations were obtained between in vitro and in vivo inflammation
when doses were normalized by surface area. Significantly increased DNA damage was
found for all NM in THP-1a cells, and only for short MWCNT in A549 cells. No change was
observed in DNA strand break levels in the ALI-exposed co-cultures. Good concordance in
genotoxicity was obtained between THP-1a cells in submerged conditions and BAL cells
(83%).
Conclusions: With this study we demonstrate that A549 and THP-1a cell monocultures could predict inflammation, and THP-1a cells the genotoxicity, caused by
MWCNT in mouse lungs.
Keywords
Inflammation, genotoxicity, in vitro-in vivo-correlation
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Neutrophil responses to nanomaterials in vitro: comparing primary human neutrophils
with the HL-60 cell line
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H1
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Introduction
Assessment of nanomaterial (NM)-induced inflammation has largely relied on rodent
testing, though there is a drive to seek out alternative and relevant testing models. Here, we
investigate in vitro models for assessing the stimulation and resolution of NM-mediated
inflammation, with a focus on the neutrophil. We have compared responses between the
human neutrophil-like HL-60 cell line and human primary neutrophils following exposure to
silver (Ag), zinc oxide (ZnO), copper oxide (CuO) and titanium dioxide (TiO2) NMs. We
assessed NM cytotoxicity and neutrophil activation by measuring cellular metabolic activity,
cytokine production, respiratory burst, and release of neutrophil extracellular traps.
Results
HL-60 cells and primary neutrophils exhibited a similar pattern of inflammatory responses;
however, some neutrophil functions were compromised in the cell line. Ag NMs were the
most potent inducers of neutrophil activation, with CuO NMs inducing similar though
comparatively weaker responses. TiO2 NMs did not induce a neutrophil response in either
cell type. Interestingly, ZnO NMs readily induced activation of HL-60 cells but did not appear
to activate primary cells. The ability of these NMs to induce pulmonary inflammation has
been investigated previously in vivo, with a similar pattern of toxicity observed to this in
vitro study.
Conclusions
Our findings are relevant to the development of a tiered testing strategy for NM hazard
assessment which promotes the use of non-rodent models, aligning with the 3Rs principles.
Further investigation into the ability of HL-60 cells to predict primary cell responses is
required, however we recommend their use for initial screens of NM-induced inflammation.
Primary human neutrophils can subsequently be used for more focused assessments of
neutrophil activation before progressing to in vivo models where necessary.
Summary
In vitro models are useful tools that can be used for initial screens of NM-induced
inflammation as part of a wider, tiered testing strategy.
Keywords
neutrophil, inflammation, HL-60, human
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repeated nanomaterial exposure studies
Torres A1,2,4, Dalzon B3, Collin-Faure V2, Rabilloud T3, Sergent J5
1CEA/IRIG/DIESE/LCBM/ProMD, Grenoble, France, 2Solvay/ Lyon Etoile Part-Dieu/GBU Silica,
Lyon, France, 3IRIG/CBM, UMR CNRS 5249, Grenoble, France, 4Université Grenoble Alpes,
Grenoble, France, 5Solvay SA/Toxicological and Environmental Risk Assessment unit,
Brussels, Belgium
Parallel Session 3.2 - Alternative methods for nanomaterial hazard testing, April 21, 2021,
11:15 - 12:25
Introduction
Synthetic Amorphous Silica (SAS) nanomaterials are largely used in various
applications such as food additive, cosmetics or in tires. From January 2020,
the REACH regulation has been amended with specific additional requirements
tailored for nanomaterials (or nanoforms under this legal framework).
Considering these uses, encountered in daily life, the classical study of
toxicology, in an acute exposure mode, may not be the most relevant scheme
to assess the effects of consumer exposure. Therefore, the effects of repeated
exposure of macrophages to SAS and colloidal silica, have been investigated
(DOI: 10.3390/nano10020215).
Results
Our in vitro systems of mouse macrophage cell line have shown an
accumulation of the SAS particles when applied several times, and different
inflammatory responses to SAS particles applied after one acute dose or in four
split doses. The macrophage cell line brought some interesting preliminary
results, such as a decrease of 20% in phagocytic activity after repeated
exposure when there is a decrease of 50% of phagocytic cells and 70% of their
activity after the acute mode. In addition, SAS mediates an intrinsic
proinflammatory effect with an increase of TNF secretion (3 fold in repeatedand 5 fold in acute exposure).
Conclusion
Our repeated exposure scenario shows that the responses to SAS are
dependent upon the mode of exposure, further confirming the need for
improved exposure scenarii for studying consumer exposures with in vitro
systems. Our cell line model appears relevant to study the long time effects of
SAS particle exposure, and has already been tested with silver nanoparticles
(DOI: 10.1039/c9en01329f). Our model, being applied as a Tier approach
appears as a good predictor for in vivo mouse model. Therefore, we believe
that this in vitro approach may represent a screening approach tool to test a
large number of nanoforms or combination of substances.
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Transcriptomic-based and AOP-informed structure-activity relationships to predict adverse
outcomes induced by nanomaterials.
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In 2011, conventional Quantitative Structure-Activity Relationships (QSAR) method
was adopted for modelling the relationships shared between the nanomaterial properties and
the associated toxicity responses and was referred to as “Nano-QSAR”. This strategy
identified the structural features responsible for the toxicity of the nanomaterial measured,
however, only at the phenotypic level. Because of the complex mechanisms involved, the
predictions based on the isolated phenotypic changes were not deemed effective. The
relevance of predicting the phenotypic change to an eventual adverse effect manifested at
the organism level was not clear. Thus, instead of targeting the apical changes, the ideal path
forward for the new generation of Nano-QSAR models would be to target the early or
upstream biological changes of the toxicity mechanism as endpoints that are biologically
plausible and essential for the occurrence of an eventual adverse outcome (AO) at the
organism level.
Here, we present a novel strategy that employs Nano-QSAR model for predicting
transcriptomic pathway level response using lung tissue inflammation, an essential key event
(KE) in the existing Adverse Outcome Pathway (AOP) for lung fibrosis. In this study, the
pathway dose-response values associated with the KEs, which are essential for the initiation
and manifestation of the AO, were correlated with the structural properties of nanomaterials
in the frame of the Nano-QSAR model.
The study provides new insights into predicting the AO by quantitatively expressing
the changes in structural properties of nanomaterials that are detrimental to inducing
perturbation in pathways associated with early upstream KEs essential for the occurrence of
the AO. This newly proposed AOP-anchored methodology of building predictive models
creates an opportunity to develop a modern computational nanotoxicology paradigm that is
predominantly based on toxicity pathways and mechanisms.

Acknowledgements:
Funding has been received from the European Union’s Horizon 2020 research and innovation
programme under Grant Agreement No 760813, PATROLS project.
Keywords
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Dietary exposure to TiO2 and silver nanoparticles in zebrafish (Danio rerio): Evaluating the
bioaccumulation and depuration kinetics using single particle-ICP-MS analysis
Yang J1, Lu H1, Lin J2, Hou W1
1Department of Environmental Engineering, National Cheng Kung University, Tainan, Taiwan,
2Department of Environmental Engineering and Science, Feng Chia University, Taichung,
Taiwan
Parallel Session 3.3 - Environmental hazard characterisation, April 21, 2021, 11:15 - 12:25
Abstract
Increasing evidence/consensus indicates that dietary exposure is relevant for engineered
nanomaterials (ENMs) to bioaccumulate in the ecosystem. This study evaluated the
bioaccumulation and depuration kinetics of 35 nm silver nanoparticles (AgNPs) and P25 TiO2
nanoparticles (TiO2NPs) through the dietary route to zebrafish (Danio rerio). Dietary exposure
to ionic Ag (as AgNO3) was used to compare the bioaccumulation behavior of zebrafish to
AgNPs. The bioaccumulation in zebrafish was analyzed with enzymatic digestion as the
sample pretreatment prior to single particle-inductively coupled plasma-mass spectrometry
(spICP-MS) analysis that allows to quantify mass and number concentrations, as well as the
size distribution of the test ENMs in zebrafish tissues simultaneously. The bioaccumulation
and depuration data were fitted to a one-compartment toxicokinetic model to derive the
assimilation efficiency. The spICP-MS method performance test result indicates that the mass
recovery of TiO2NPs, AgNPs and ionic Ag were generally greater than 88% from spiked tissue
samples, while those for the number concentrations were higher than 90%. There was no
alteration (i.e., dissolution or particle formation) of AgNPs and AgNO3 in spiked samples
during the enzymatic digestion. Preliminary bioaccumulation result shows that zebrafish
significantly bioaccumulated TiO2NPs, AgNPs and ionic Ag from food to (3.0 ± 0.4) × 10 11
#/kgww (1.0 ± 0.08 mg TiO2/kgww), (71.8 ± 2.9) × 1011 #/kgww (0.7 ± 0.02 mg Ag/kgww) and 0.9 ±
0.03 mg Ag/kgww, respectively, in 16 days. Interestingly, the dietary bioaccumulation levels of
TiO2NPs, AgNPs and ionic Ag were relatively similar. The depuration result indicates rapid
decreases in body burdens to background levels for both ENMs and ionic Ag in 6 days. The
bioaccumulated ENM sizes show some decreases with slight AgNP dissolution. For ionic Ag
exposure, particulate Ag signal could be observed, suggesting AgNP formation in zebrafish.
The bioaccumulation data adequately fit the TK model (R2 = 0.85).
Keywords
spICP-MS, nanoparticles, bioaccumulation, toxicokinetic

149 | P a g e

Effects of suspended titanium dioxide nanoparticles on microbiota of early-life stage zebrafish
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Introduction
From their first life stage onwards, teleost fish acquire microbiota that contribute to their
health and development. Colonizing microbes initially establish on the egg’s surface, and
from there, partially recolonize the hatched larva. We hypothesized that suspended
nanoparticles adhere to the same external surface of fish eggs as colonizing microbes,
thereby interfering with early microbial colonization. To test this hypothesis, we exposed
zebrafish eggs for 24-h to 2, 5 and 10 mg nTiO2·L-1 (NM-105) and assessed the effects
thereof on microbiota of eggs and larvae using a three-step experimental approach.
Results
Firstly, using particle-induced X-ray emission analysis and two-photon multifocal
microscopy, we confirmed that suspended nanoparticles accumulate on, but do not cross,
the protective egg surface. Secondly, with a combination of imaging- and culture-based
microbial techniques we showed that nTiO2 exerted antimicrobial effects, yet increased the
overall abundance of microbiota on eggs. Notably, pathogenic aeromonads tolerated the
antimicrobial effects of the particles. Thirdly, we found that the effects of nTiO2 on microbial
abundance persisted upon hatching.
Conclusions
In view of the low stability of nTiO2 in our test medium, our results may be explained by the
formation of heteroaggregates of microbes and nTiO2 that settle on the egg surface. Given
the tolerance of pathogenic aeromonads against the antimicrobial properties of nTiO 2, such
aggregation dynamics could come at the expense of increased dispersal of pathogenic
bacteria through aquatic ecosystems, as well as across different life stages of oviparous
animals.
Summary
- Suspended TiO2 nanoparticles adsorb and accumulate onto zebrafish eggs
• No detectable amounts of nanoparticles crossed the protective membranes of eggs
• Pathogenic aeromonads tolerated the antimicrobial effects of TiO2 nanoparticles
• TiO2 nanoparticles increased the total abundance of colonizing microbiota on eggs
• The effects of TiO2 nanoparticles on colonizing microbiota persisted upon hatching
Acknowledgments
This work was conducted as part of the PATROLS project under Grant Agreement No 760813.
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Introduction
Ecotoxicological studies with soluble chemicals have demonstrated that extrapolating
findings from laboratory to field-realistic conditions often leads to underestimation of chronic
ecological effects. Based on this notion, we hypothesized that an ecotoxicological assessment
of non-soluble nanomaterials under field-realistic conditions would also reveal discrepancies
from assessments under laboratory conditions due to (1) altered exposure dynamics, (2) cooccurrence of natural stressors and (3) species interactions. To test this hypothesis, we
applied a field realistic concentration of 20 µg nTiO2·L-1 in naturally assembled outdoor
freshwater model ecosystems and assessed changes in their zooplankton and
macroinvertebrate communities over a three month period. Furthermore, we applied the
same test setup to assess whether the fungicide carbendazim embedded in a nTiO 2 matrix
(i.e. nano-carbendazim) exhibits different ecotoxicological effects from conventional
carbendazim when applied at a concentration of 3 µg carbendazim·L-1.
Results
Our results show that while zooplankton abundance and the number of zooplankton taxa
were not affected after nTiO2 or nano-carbendazim treatments, both endpoints were
negatively affected after carbendazim treatments. Furthermore, three months post
application of the stressors, functional diversity of the macroinvertebrate community in terms
of feeding types (e.g. filter feeder, shredder, etc.) and aquatic zone (e.g. benthic, pelagic, etc.)
differed in all treatments in comparison to control. Interestingly however, no differences
were observed in these endpoints between carbendazim and nano-carbendazim treatments.
Conclusions
Our findings indicate that naturally present variables in the field may contribute to
ecotoxicological effects of nanomaterials. Furthermore, our findings suggest that
embedding nano-properties into conventional chemicals can alter their ecotoxicological
characteristics, although this was not observed in all assessed endpoints.
Summary
- nTiO2, nano-carbendazim and carbendazim affected the taxonomic and functional
composition of macroinvertebrate communities under ecologically relevant
conditions
• Zooplankton abundance and the number of zooplankton taxa showed stronger
reductions after treatment with conventional carbendazim than after treatments
with nano-carbendazim
Keywords
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Nanobiomaterials (NBMs) are a special category of nanomaterials as they are used in
medical devices and medicinal products. The advantages of NBMs compared to
conventional pharmaceuticals lie in the improved interactions with biological systems,
improved biocompatibility and reduced adverse effects. As the application of NBMs is very
similar to pharmaceuticals, their release patterns are likely similar as well. Different
pharmaceuticals have been detected in surface waters all over the world. Therefore, there
exists a need to identify possible exposure routes of NBMs into the environment. European
averages of worst-case predicted environmental concentrations of nano-silver and PLGA in a
medical context were calculated before. However, as the application of NBMs is only carried
out at specific locations (hospitals), average predicted environmental concentrations do not
accurately represent their release to the environment. NBM releases from medical
applications are likely going to occur in locations of high population density and presence of
large hospitals. Additionally, the size of the surface water compartment receiving the
treated wastewater from these hospitals is playing an important role, as well as the
dissolution of NBMs is affected by the flow rate. In this study, we estimate the local release
of PLGA to Swiss rivers and lakes by using population as well as the type, size and location of
hospitals as proxies. The releases from hospitals are distributed to their connected
wastewater treatment plant. During wastewater treatment, the majority of NBMs are
expected to be removed, however a small portion will be released to rivers and lakes. Using
the flow rate of the river or lake volumes, the predicted environmental concentrations at
the release point can be calculated. This can give important information towards release
hotspots of NBMs, which can be useful for further exposure minimization efforts or be used
to predict local environmental risks.
Keywords
nanobiomaterials, exposure assessment, local release
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Tracing the environmental and biological fate of nanomaterials: application of isotope
labelling and synchrotron radiation-based techniques
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Introduction
Engineered nanomaterials (ENMs) are dynamic in environmental and biological media due to
their high reactivity. As a consequence, transformations of ENMs such as hetero-/homoaggregation, redox reactions, phase replacement, dissolution, and corona formation may
occur; all these transformations may take place at different rates, and will affect the
transport, fate and biological impacts of ENMs. Our objective is to use isotope labelling to
trace ENMs and to apply synchrotron radiation based techniques to understand the
transformation processes.
Results
57Fe O and 68ZnO, were synthesised, and used to trace translocation in plants. With isotope
3 4
enrichment, 57Fe3O4 nanoparticles and 68ZnO nanoparticles can be detected in plant, with
detection sensitivity enhanced by 100-1000 times. A dedicated labelling protocol was
developed for a range of ENMs (Figure A). Synchrotron radiation based XAFS technique was
used to analyze ENM transformation CeO2 which was previously considered stable can
dissolve and transform to CePO4 and Ce carboxylate after interaction with a plant, and the
plant root can act as an important site for the transformation (Figure B). In animal
experiment, ZnO NPs transformed to Zn-histidine, resembling Zn compounds found in rat
brain after intranasal exposure. By comparing with ZnSO4, the particle-specific effects on
metabolism in rat liver and brain were observed.
Conclusion
- ENMs are highly dynamic thus can transform in environment and biological media.
1. The transformation was affected by physicochemical properties of ENMs (e.g.,
composition, size and shape) as well as the organism’s speciation.
2. Synchrotron radiation-based techniques are highly sensitive tools for studying ENM
transformation.
Reference
(1) Zhang et al., Nature Protocols 2019, 14, 2878. (2) Zhang et al., Environ. Sci. Technol.
Lett. 2017, 4, 380-385. (3) Zhang et al., Environ. Sci.: Nano 2019, 6, 60-67. (4) Guo et al.,
Environ. Int. 2020, 136, 105437. (5) Guo et al., Nano Today 2020, 35, 100977

154 | P a g e

Keywords
nanomaterial, labelling, tracing, synchrotron, transformation

155 | P a g e

Uptake of manufactured CeO2 NPs by freshwater shrimps – A dual-radiolabelling study
Schymura S1, Rybkin I1, Rijavec T2, Mansel A1, Lapanje A2, Franke K1, Strok M2
1HZDR - Institute of Resource Ecology, Leipzig, Germany, 2JSI - Environmental Sciences,
Ljubljana, Slovenia
Parallel Session 3.3 - Environmental hazard characterisation, April 21, 2021, 11:15 - 12:25
Introduction
The risks associated with manufactured nanoparticles greatly depend on the transformation
of said particles. Fast dissolving NPs can be treated as dissolved species while persistent NPs
can be treated as particles. Slowly dissolving particles, such as CeO2, form a special case as
transport and uptake can happen in particle form to deliver toxic ions to organisms via a
Trojan horse effect. We developed an isotopic dual-radiolabelling strategy to shed light on
uptake pathways of anthropogenic cerium in organisms. Radiolabelling of CeO2 NPs with both
Ce-141 and Ce-139 allowed us to track uptake and excretion of anthropogenic cerium in
freshwater shrimps with a sensitivity to dissolution effects.
Results
CeO2 NPs were radiolabelled with Ce-141 via neutron irraditation. Subsequently this was
followed by an in-diffusion labelling with cyclotron-produced Ce-139. A different distribution
of the radiolabels in the particles – equally distributed vs. surface near – allows us to track
dissolution effects as the radiolabel release rates differ.
Freshwater shrimp were exposed to the so-labelled particles and the uptake and excretion of
cerium was monitored over a month. The excretion of the cerium follows an exponential
decay that levels-off to a near constant cerium concentration. The ratio of the radioisotopes
stays almost constant over this exponential excretion process indicative of the excretion of
particles. After the CeO2 NPs are excreted the radioisotope ratio jumps an order of magnitude
revealing the irreversible uptake of dissolved cerium.
Summary
Uptake and almost total excretion of CeO2 NPs was observed in freshwater shrimp. The
Nanoparticles were successfully removed from the organisms over the course of several
feeding steps in a manner that follows an exponential decay. However, a small amount of
cerium got taken up irreversibly through a dissolution based pathway.
Keywords
CeO2, uptake, shrimp, radiolabelling
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establishing advanced ecotoxicity testing and cross-species models
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Introduction
To date, environmental ENM hazard assessment is typically restricted to short-term exposure
of a small selection of cell lines or organisms. This approach lacks environmental realism in
terms of exposure as well as it simplifies ecological realism. Within the PATROLS-project,
cutting-edge science to develop advanced models for ecological safety assessment of nanomaterials was adopted.
Results and conclusions
There is a battery of different ecological assays developed (Fig.1) to allow for collection of
dose-response data for ecological species and to predict what occurs at the longer exposure
duration. The collected data fit within a tiered approach; going from simple single species
experiments performed under laboratory conditions to experimental cosms studies
performed outdoor. To overcome the challenges of time consuming chronic exposure studies
with limited application, alternative endpoints including molecular initiating events have
been identified as early warning signals that link adverse outcomes to fitness of individual
organisms.

Fig.1: experimental and in silico approaches (right) to ecological outcomes (right)
As a case study, the results as obtained for TiO2NP (and in some cases other metal-based NPs)
will be discussed in the presentation.
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Chronic toxicity assays have been developed for algae and TiO2NP is shown to induce
a shedding-effect. The studies undertaken showed that the use of pigment
identification and quantification may account for shading effects caused by ENMs.
Induction of the marker sod1 was detected in zebrafish larvae exposed to
nanomaterials and might be indicative of NP-mediated oxidative stress within the
organism, although not yet conclusive because a media-specific response was
observed. The biosensor transgenic zebrafish models, EpRE:mCherry models enable
visualisation of oxidative stress (OS)-induced transcription (through genetically
encoded fluorophores, and via fluorescence/confocal microscopy) across the whole
body of developing zebrafish embryos. These transgenics are promising early marker
in vivo models to investigate health exposure effects of NPs, including for effects on
sensory systems, biomarkers of inflammatory responses and the gut microbiome.
Exposure to TiO2NP affected the microbiome on the chorion of fish embryos subsequently altering the microbiome of the zebrafish larvae leading to altered fitness
of the zebrafish larvae.
Exposure to TiO2NP did not significantly impact daphnids for two generations;
however less clear vitality was seen over multiple generations on daphnids at chronic
exposure.
In outdoor experimental assays performed with natural colonized aquatic
communities, the environmental relevant dosage of TiO2NP did not affect the number
of zooplankton taxa significantly. However, stress-on-stress impacts and subtle
alternations at the community levels and functional responses were detected.
Quantifying the fate of the ENMs is of huge importance, because the nanomaterials
are prone to kinetically based destabilization processes like aggregation,
sedimentation, and irreversible attachment to biological surfaces and subsequent
transfer through the food web.
Driven by the experimental data as collected, robust computational methods for ENM
exposure and dose modelling, as well as in silico models for nanosafety prediction
were created by the PATROLS consortium.

Acknowledgements: The author would like to acknowledge that this research has received
funding from the European Union’s Horizon 2020 research and innovation program for the
PATROLS project, under grant agreement No.760813
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Introduction: Although TiO2 is broadly used in many applications, some TiO2 powders are classified
as suspected carcinogen via inhalation. A REL for UF TiO2 was set at 0.30 mg/m3 whereas ANSES has
proposed a Toxicological Reference Value of 0.12 g/m3 for TiO2-NPs as a threshold to prevent
chronic effects.
In 15 workers handling TiO2 powders (average a.d. 0.27 m; SSA 56.2 m2/g) for paints production
(exposure duration 3-32 years) and in 20 controls, we assessed a panel of pro-inflammatory
cytokines (IL-1, TNF-, IL-10, IL-17), surfactant protein D (SP-D) and KL-6 (a mucin-like glycoprotein
reflecting lung interstitial changes) in exhaled breath condensate collected at the beginning and at
the end of the week. Ti in urine (Ti-U) was determined as biomarker of exposure. Information about
health status, habits and occupational history were recorded. Airborne inhalable/respirable
fractions of dusts and TiO2 were quantified, whereas a NanoTracer™ recorded backgroud and PNC
of UFP generated during the activities.
Results: In spite of the low mass concentration of respirable dusts (<0.1 mg/m3) TiO2 was detectable
in pbz filters (0.11-0.44 g/m3). Baseline Ti-U was >2.5 higher in exposed than in controls. IL-1 and
IL-10 values were significantly higher in exposed workers, whereas SP-D was significantly lower
(p<0.001). KL-6 was significantly higher in workers than in controls (14.95+7.87 vs. 6.78+2.82 U/ml;
p< 0.01). Neither smoke habits nor weekly exposure accounted for such differences.
Conclusions: These findings suggest the need of an integrated approach relying on both personal
exposure and biomarkers assessment to improve the hazard characterization in occupational
settings in which TiO2 is handled.
Summary: Exposure to TiO2 containing dusts well below the OELs, but close to the threshold for
preventing fibro-proliferative lung alterations, is associated with subtle alterations of lung
pathobiology. Changes in biomarkers along with their health significance must be evaluated in a
long-term perspective.
Keywords
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Introduction
We evaluated currently available control banding and risk assessment tools for nanoforms
(NFs) for their suitability to support a safe-by-design (SbD) process. The tools included in our
study were compiled from previous EU projects (e.g. caLIBRAte) and other information
available to the SAbyNA consortium. Specifically, we analyzed how existing tools predicted
or assessed human health hazards of NFs.
Results
Risk assessment tools usually require the user to enter DNEL values for the material under
assessment or provide support in deriving a DNEL based on toxicological study results. Such
data may not be available at early stages of NF development. Control banding tools assign
hazard bands based on the physicochemical composition and/or functional properties of the
NFs. CLP classification of the bulk material or the NF is commonly used for hazard banding.
However, current criteria for CLP classification would often be unable to distinguish
between different NFs. In addition, CLP classifications are mostly available only for data-rich
materials and not for novel materials. Other properties considered of concern are, from
highest to lowest frequency: high aspect ratio shape, (bio)persistence, reactivity, smaller
size, and presence of surface coating. However, we consider that some of these criteria may
not always imply higher hazard. Generally, the available tools only give an indication of the
hazard of a category of NFs.
Conclusions
None of the currently available tools is suitable by itself to finetune a novel NF’s
physicochemical properties to decrease its hazard. As such, their value for SbD purposes is
limited. Prediction of the hazard profile of novel NFs for SbD purposes may be possible if
elements of various tools are combined with data retrieved from various sources.
Summary
An enterprising use of elements of existing risk assessment and control banding tools could
support SbD of NFs.
Acknowledgements: SAbyNA is funded by the EC Grant Agreement 862419.
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Introduction
The possible interference of nanomaterials (NMs) with dyes or reagents motivates the search
for interference-free high-throughput toxicity screening methods. Impedance-based
methods provide a viable solution by being label-free and non-destructive to cells. Here, we
assessed the cytotoxic effects of TiO2 and ZnO NMs, widely used in various applications,
including sunscreens, that end up in oceans and can affect marine organisms. The
proliferation, adherence, and viability of cells were monitored in real-time via measurements
of changes in electrical impedance.
Rainbow trout gut cells (RT-gut-GC) were seeded in 96-well e-plates and exposed to ZnO
(<100nm, Sigma), TiO2 (anatase <25nm, Sigma) and TiO2 (rutile-anatase, 15-24 nm, JRC) NMs
at 2, 10, 20, 50, and 100 μg/mL. Their viability was monitored in real-time for up to 72 hrs
using an xCELLigence impedance-based system (ACEA Biosciences). Data were processed as
specified in the NANoREG D5.07 SOP 0.2. The size distribution was measured at the beginning,
during, and after exposure by dynamic light scattering (DLS) using a Zetasizer (Malvern
Panalytical).
Results
All NM dispersions remained stable over 5 days in culture medium. Impedance-based
monitoring shows a time- and concentration -wise decrease of viability and proliferation of
RT-gut-GC exposed to the NMs (Fig. 1).

*

*
*

Figure 1: Viability results obtained by impedance-based monitoring (two-way
ANOVA-Tukey-HSD, *p <0.05).
Conclusion
RT-gut-GC viability and proliferation were affected when exposed to the NMs for longer times
at the highest concentrations.
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Introduction
Silver nanoparticles are one of the most commercialized types of nanoparticles, with a wide
range of applications owing to their antimicrobial activity. However, there is a lack of data on
cumulative toxicity of silver nanoparticles used with polymeric materials, especially polymer
nanoparticles. In this study, toxicity of PVP-coated silver nanoparticles (AgNP) combined with
polystyrene nanoparticles (PSNP) was tested on Jurkat cells.
Results
Silver and polystyrene nanoparticles reduced cell viability through generation of reactive
oxygen species (ROS), depletion of cellular GSH, and damage to cellular structures and
mitochondria. Nanoparticle treatment also reduced cell stiffness, measured by Atomic Force
Microscope (AFM), which is indicative of changes in cytoskeletal structure. Cellular treatment
with combinations of non-toxic AgNP and PSNP concentrations resulted in significant
induction of oxidative stress and reduction of cell viability.
Conclusions
AgNP share the mechanism of toxicity with PSNP and results for combined AgNP/PSNP
treatments can be understood as compounded effect of overloading cellular mechanisms for
managing oxidative stress. These results have important implications for use of these
materials in medical contexts, particularly for long-term medical implants.
Summary
Biological effects of PVP-coated silver nanoparticles combined with polystyrene nanoparticles
were tested on Jurkat cells. Both AgNP and PSNP induced oxidative stress and subsequent
reduction of cell viability, with AgNP being more toxic than PSNP. AgNP/PSNP combinations
were more toxic than their individual components, and significantly reduced cell stiffness,
measured by AFM. Electron and confocal microscopy was used to confirm AgNP and PSNP did
not form aggregates, and entered cells via endocytosis independently. Results presented here
show that toxicological profiles of nanoparticle mixtures can differ significantly from profiles
of individual nanoparticle types, which needs to be taken into account during development
of novel nano-enabled materials for medical applications.
Keywords
nanoparticles, silver, polystyrene, cytotoxicity, Jurkat
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Introduction
Nanoscale zero-valent iron (nZVI) has been recognized for its effectiveness in remediating
the environmental hazards, mainly chlorinated ethenes and BTEX in polluted aquifers. With
the increasing use of nZVI, there is still uncertainty with respect to its potential toxicological
effects caused to the freshwater algae especially at the transcriptomic level. Therefore, in
the current study, we aim to elucidate the potential effect of two iron-based nanoparticles:
nFe3O4, and nZVI on the freshwater green microalgae, Chlamydomonas reinhardtii CC-5325
and Raphidocelis subcapitata ATCC 22662. Microalgae response (total chlorophyll and total
carotenoids content, and chlorophyll fluorescence) to the nanoparticles exposure was
monitored up to 120 hours.
Results
Total carotenoid concentrations have doubled approximately to 8.13 µg/l for nZVI exposure
in C. reinhardtii and 7.11 µg/l for nZVI exposure in R. subcapitata after 24 h.
Conclusions
Based on all the analyses performed, no evidence can be found that the nFe3O4, and nZVI
have caused detrimental effect to the cells but physiological alteration was observed to be
more prominent in C. reinhardtii showing altered membrane integrity and lower chlorophyll
fluorescence.
Summary
Following the physiological studies performed, transcriptomic analysis using high
throughput RNA sequencing was performed on R. subcapitata to reveal hidden patterns of
the cellular response.
Keywords
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Introduction
Due to the expansive applied use and consequential increased human exposure risk of TiO 2,
the toxicological profile of this material requires imperative evaluation. This study aimed to
assess the ability of five industrially-relevant TiO2 particles (a nano-sized anatase, two
pigmentary anatase, a nano-sized rutile and pigmentary rutile) (size range 10 nm to 1 m) to
promote cytotoxicity in relation to their interaction with lymphoblast (TK6) and type-II
alveolar epithelial cells (A549).
Methods
Prior to undertaking exposure with the test materials (sonicated using the NanoReg protocol)
for cytotoxicity assessment, TK6 were seeded (1x105 cells/ml) in 12-well plates, whereas A549
were seeded (5x105 cells/ml) on 12-well transwell membrane inserts and cultured at the airliquid interface. Treatment with the test materials was undertaken at a concentration range
of 1–100 g/cm2 (24 and 72h exposure). Cytotoxicity assessment was undertaken by 1)
propidium iodide analysis via flow cytometry (measure of cell death), 2) relative population
doubling (measure of cytostasis and proliferation) and 3) trypan blue staining (measure of cell
viability). TiO2 interaction with both cell types was visualised by transmission electron
microscopy, supported by energy-dispersive X-ray analysis to confirm the presence of the
element Ti.
Results
None of the TiO2 materials tested promoted any cytotoxicity from either cell type at the
concentrations applied. All materials were observed to interact with the A549 cells and were
further noted to be internalised notably in the cytoplasm following 24h exposure. In the TK6
lymphoblasts, only the pigmentary rutile was observed to be internalised (24h-exposure).
Summary
No cytotoxicity was noted across both cell types used and TiO2 concentrations tested. Yet,
internalisation of all TiO2 particles were observed inside A549 epithelial cells (24h exposure).
Only the bulk pigmentary rutile TiO2 however, was observed within TK6 lymphoblasts. These
results indicate, when at sub-lethal concentrations, a specific cell-type dependency of the cell
interaction of the industrially relevant TiO2 particles tested here, occurs.
Acknowledgements: Funded by the Titanium Dioxide Manufacturers Association and EBRC
consulting.
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Introduction: In this work the fate, e.g. cellular uptake and translocation, of nanomaterials
(NMs) across an A549 lung cell monolayer was evaluated by measuring elemental distribution
in different cell compartments, e.g. apical, apical wash, intracellular and basal, using
inductively coupled plasma optical emission spectrometry (ICP-OES).
Results: Single exposure measurements were performed for BaSO4, CeO2, TiO2 and ZnO NMs
using 100 µg/mL. After 24 h of exposure, most of the materials were detected in the apical
and apical wash fraction. A different outcome was observed for crystalline SiO2 (DQ12), where
the major fraction of the material was found intracellularly. The NM content in the cellular
fraction decreased from 24 h to 80 h post-incubation for all materials used.
Repeated exposure measurements were performed exposing the cells on 4 subsequent days
to 25 µg/mL (total 100 µg/mL) and sample collection was performed at 24, 48, 72 and 80 h.
After 80h BaSO4, CeO2, TiO2 and ZnO NMs was again mainly detected in the apical fraction,
while for DQ12 a significant concentration was measured in the cell fraction.
Conclusions: The NM cellular fractions after 80h upon one exposure to 100 µg/mL and
repeated exposures to 25 µm/mL are comparable, independent of the exposure scenario. In
addition, we observed a NM dilution in the cellular fraction within time indicating NM loss by
cell division, NM exocytosis and / or NM dissolution in lysosomes.
This work is funded by EU-project PATROLS (Physiologically Anchored Tools for Realistic
nanomaterial hazard aSsessment), No. 760813.
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Introduction
In the EU project PATROLS, NRCWE conducted an oral rat study with focus on quantitative
uptake of CeO2 nanoparticles in liver and spleen.
Female Sprague Dawley rats (N=4) were exposed to 0, 1.4 or 13 mg/rat per day of cerium
oxide (CeO2 NM-212) via oral gavage or snack for 10 days with 14 days recovery. For gavage,
CeO2 was dispersed in 2% serum. The snack was CeO2 mixed in Nutella. Samples for tissue
distribution were collected from lung, liver, spleen, kidney, intestine, blood and faeces.
Results
Inductively coupled plasma mass spectrometry (ICP-MS) showed statistically significantly
increased levels of cerium in liver after 5 and 10 days of dosing at the highest dose level by
both gavage (1.8±0.5 and 3.6±1.5 ng/g) and snack (1.5±0.4 and 1.9±0.4 ng/g). In spleen, the
cerium concentration was 2 to 6 fold lower than in liver.
During the 14-day recovery, the cerium content in liver decreased for all groups, except for
2 of 4 rats in the high dose gavage group. In spleen, the average cerium level also decreased
for the snack groups, but increased for the gavage groups.
There was no statistically significant difference in cerium content in liver or spleen after
gavage compared to snack dosing.
One day after 10 days of exposure, faeces content of cerium was 73.6±64.6 µg/g for high
dose gavage and 60.3±11.1 µg/g for high dose snack as compared to 0.4 ±0.1 µg/g for
control groups. Blood levels of cerium was below the detection limit except for rats dosed
by gavage at the highest dose (0.14±0.06 ng/g).
Conclusions
Repeated oral exposure of rats to cerium oxide nanomaterial via daily snack and gavage
resulted in comparable and dose and time dependent uptake in liver of about 0.2-0.3 ppm
of the total administered dose.
Funding:
This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 760813.
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Introduction
The emergence of metallic nanoparticles (NPs) for biomedical uses prompted the need for
detailed evaluation of their safety, interactions and fate in biological media. The interactions
of NPs with biomolecules may result in biotransformations of both species, with unforeseen
consequences for the human body.(1) Metallic NPs are particularly prone to reacting with
thiols, due to the high affinity of sulphur for metals.(2) Here, we examine the binding and
oxidative dimerization of cysteine, a model biothiol, during the formation and incubation of
silver and gold NPs in cysteine-rich environment. The interaction is modelled using in silico
methods and the reaction mechanism is proposed.
Results
The mechanistic insight into the nano-bio interface is offered by means of computational
methods: quantum chemistry and molecular dynamics. The quantum chemical approach,
conducted with Gaussian software, yielded the optimized complexes of cysteine monomers
and dimers with Agn and Aun (n=2,4) clusters and the transition states of the dimerization
reaction. The optimized complexes confirmed the tendency of cysteine to interact with Ag
and Au through the thiol and carboxyl groups, and the transition states allowed for the
calculation of energy barriers of the dimerization reaction. Molecular dynamics calculations,
conducted with Amber software, demonstrated stable attachment of cysteine monomers
and dimers on the Ag or Au surface and provided the binding energies.
Conclusions
The lowering of energy barriers for dimerization is observed in the presence of metal
clusters, therefore the mechanism of mechanism of cysteine dimerization catalysed by NPs
is proposed. The dimerization is followed by binding to NP surface, which is shown to be
spontaneous for both cysteine species.
Summary
This study presents the in silico methods of exploring the nano-bio interface and
demonstrates their usefulness for elucidating NP-ligand biotransformations through
examination of cysteine interaction with silver Au and Ag NPs.
References
1.
Feliu et al. Chem Soc Rev 2016;45(9):2440–57.
2.
Vangala et al. J Phys Chem C 2012;116(5):3645–52.
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Introduction
Nanocelluloses, obtained from different sources and by various methods and holding
different functionalization are innovative environmentally friendly materials in both pure and
composite forms that hold great promise for industrial or advanced biomedical applications.
Based on previous knowledge on other nanofibers e.g., carbon nanotubes, revealing toxicity
at cellular and organismal levels, there is a need to evaluate the toxic potential of new
nanocelluloses, particularly cellulose nanofibrils (CNF), before entering the market. In this
work, three different nanocelluloses produced from Eucalyptus globulus bleached kraft pulp
but differing in physicochemical properties such as the carboxyl content (CCOOH), degree of
polymerization (DP), morphology, specific surface area and size of fibrils, were investigated
regarding cyto- and genotoxic effects in human alveolar cells (A549 cells) and in a co-culture
of A549 cells and THP-1 differentiated macrophages.
Results
A preliminary evaluation of the cytotoxicity in A549 cells by the MTT assay revealed that all
samples showed no toxicity over the examined concentration range during a 24h exposure
period. Their genotoxicity was assessed through the cytokinesis-blocked micronucleus assay
in A549 co-cultured with THP-1 cells and exposed to 1.5, 3, 6, 12.5, and 25 μg/cm2 of each
nanocellulose for 24h. Preliminary results showed no alterations in the frequency of
micronucleated binuceated cells for all tested concentrations of one sample of CNF produced
with a catalytic oxidation with TEMPO (2,2,6,6-tetramethylpiperidine-1-oxyl) radical (TEMPOCNF). Moreover, the cytokinesis-block proliferation index of exposed A549 cells did not show
differences as compared with non-exposed cells, in line with the MTT results, suggesting that
the tested CNF does not affect A549 cells proliferation.
Conclusions
Preliminary results suggest that the TEMPO-CNF sample does not present cytotoxicity or
genotoxicity in the examined concentration range and exposure time, as compared to
controls. The other two samples are still being investigated.
Summary
Three nanocellulose samples were investigated for their in vitro toxicity.
No major cytotoxic or genotoxic effects were detected for the TEMPO-CNF in alveolar cells
co-cultured with THP-1 macrophages.
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The (Q)SAR/(Q)SPR modeling is a non-testing method applied to predict the key properties of
substances i.e. their physicochemical properties, biological activity, or (eco)toxicological
characteristics. The (Q)SAR/(Q)SPR modeling paradigm is based on the relationships between
chemical structures represented numerically by so-called “descriptors” and observed
properties of substances obtained with experimental measurements or theoretical
simulations. The (Q)SAR/(Q)SPR model development is based on the limited datasets, but the
identified relationships can be used to estimate a modeled parameter for other substances
for which the interesting data are not available. One condition should be here met – for the
interpolation of the predicted parameter these substances have to be within the applicability
domain of the model. The credibility of the (Q)SAR/(Q)SPR modeling is confirmed with a series
of statistical parameters. As a whole, the reliability of (Q)SAR/(Q)SPR predictions is ensured
by the compliance with the OECD principles adopted in November 2004 by the OECD Member
Countries and the Commission. These principles state that every properly developed
(Q)SAR/(Q)SPR model must have: i) a defined endpoint, ii) an unambiguous algorithm, iii) a
defined applicability domain, iv) appropriate measures of goodness-of-fit, robustness and
predictivity, and v) a mechanistic interpretation. However, due to the specificity of
nanomaterials, special adjustments are required.
The presentation aims to demonstrate the response to the regulations introducing the
“nanomaterials” (EU, 2011/696) and “nanoforms of substances” (EU, 2018/1881) definitions
by supporting the adaptation of the (Q)SAR/(Q)SPR approach to the estimations of their
material properties (Nano-(Q)SAR/(Q)SPR). The presentation will be focused on critical
aspects in Nano-(Q)SAR/(Q)SPR modeling as well as a practical guideline for the development
of reliable and valuable Nano-(Q)SAR/(Q)SPR models for regulatory, manufactory, and
scientific purposes.
Keywords
Nano-(Q)SAR/(Q)SPR, guideline, non-testing method
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Introduction
Classification of nanomaterials (NMs) based on toxicological properties is generally a complex
and time-consuming multi-assay task. Useful to grouping and read across within or outside of
known classes and types of NMs, such undertakings have potential to minimize societal
application of hazardous variants under a safe-by design principle, serving ultimately the
purpose of ensuring human and environmental safety.
Results
To assess and rank the toxicological mode-of-action (MoA) of a broad set of NMs within the
PATROLS EU-funded project, we applied high-throughput screening (HTS) methodology, liver
(HepG2) and lung (BEAS-2B and A549) cell line models and an assay concept termed “Tox5”
which separately determines rates of growth or cell death, energy state, genotoxicity and
oxidative stress. Time series up to 72h for 23 NMs variably indicated dose-time issues and
dose-dependent/cell model-driven fluctuations. Silver (several forms), ZnO (several forms),
DQ12, Mitsui-7 and TiO2-E171 caused high cytotoxicity although with potency differences
among the cell lines. Silver NMs were more toxic in HepG2, TiO2-E171 was more toxic in Beas2B and Mitsui-7 was more toxic in A549. Potency differences were also seen for NM types,
e.g., NM 300k-silver was generally more toxic than other silver NMs, and Mitsui-7 was
generally more toxic than other MWCNTs and carbon black. As expected, the MoA effect
spectra differed, e.g., ZnO influenced primarily growth and viability, DQ12 influenced
primarily apoptosis rates and TiO2-E171 influenced primarily oxidative stress.
Conclusions
Applying overall 50 000+ data points, NM-specific toxicity MoAs served effectively to drive
the Tox5 score-based ranking and grouping efforts, although absence of overt effects from
certain NMs also made grouping of these imprecise.
Summary
Overall, the application of a multi-model in vitro Tox5-scoring HTS approach served effectively
for its task with coverage of differing NM effect patterns and sensitivities among tested
models.
Keywords
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Introduction
Synthetic amorphous silica (SAS) nanoparticles, are widely employed in pharmaceutics,
cosmetics, food or concretes. A better assessment of their toxicity is needed. Workers are
mostly exposed via respiratory route and the challenge is to simulate the in-vivo situation
through optimized in-vitro models. In the deep lung airborne, nanoparticles (NPs) first
encounter alveolar lining fluids such as the pulmonary surfactant (PS) before being in contact
with innate immune cell. Consequently, the interaction of PS with inhaled particles may
influence subsequent biological outcomes through corona formation.
Dendritic cells (DC) capture and present sampled antigens in an immunogenic or tolerogenic
way. In the presence of “danger signals”, DC undergo a maturation process resulting in their
migration to regional lymph nodes where they activate naive T-lymphocytes. Our hypothesis
is that nanomaterials could be considered as danger signals. The aim of this work was to
determine whether PS could affect DC response to SAS.
Results
Human DC were exposed for 16 hours to 12.5 and 25 μg/mL fumed silica NPs, with or without
a PS substitute (Curosurf®). Our preliminary results showed that pyrolytic SAS alters DC
phenotype with a significant increase of CD80 and CD86 co-stimulation markers and of the
CD83 maturation markers. When DCs were incubated with the PS substitute, neither an
increase in cell death nor modifications in the CD80, CD83 and CD86 markers expressions
were observed. However, when NP were pre-coated with the PS substitute, the resulting DC
markers expressions were 20% lower compared to pristine NPs’ phenotypic modifications, in
a PS concentration-dependent manner and at both NP concentrations tested.
Conclusion
As Curosurf® concentrations increase, the mechanism leading to DC activation following NP
treatment seems to be prevented.
Summary
The pulmonary surfactant, which could affect NP corona composition and biological identity,
modulates DC activation in response to SAS.
Keywords
amorphous silica, dendritic cells, surfactant
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Macrophage-assisted dissolution of gold nanoparticles
Mccarrick S1, Karlsson H1, Carlander U1, Midander K1
1Karolinska Institutet, Stockholm, Sweden
Poster Session 4, April 21, 2021, 13:30 - 14:15
Introduction
Gold nanoparticles (AuNPs) have potential to be used in various biomedical applications party
due to the inertness and stability of gold. Upon human exposure, AuNPs will encounter
macrophages of the mononuclear phagocyte system. The NP-macrophage interaction will
likely affect the stability of the AuNPs, however this is rarely investigated. We have developed
an in vitro method that allows us to quantitatively investigate the role of macrophages in the
bio-dissolution of AuNPs by inductive coupled mass spectrometry (ICP-MS). We used both
murine (RAW264.7) and human monocyte derived (THP-1) macrophages as models and
explored the impact of size and coating of the AuNPs. In addition, we elucidated mechanisms
involved including role of particle uptake and inflammatory state of macrophages as well as
the involvement of reactive oxygen and nitrogen species.
Results
We found an evident increase in the dissolution of AuNPs in the presence of macrophages
and the dissolution was clearly most pronounced for the smallest (5 nm) AuNPs. In
experiments with murine macrophages, the dissolution increased substantially upon LPStriggering and reached 14wt% after one week. Results from short-term (24h) exposure of
THP-1 cells suggested similar extent of dissolution for citrate and PEG-coated AuNPs and that
the dissolution appear to mainly take place extracellularly. Both oxygen and nitrogen species
could initiate dissolution, but ligands are required to keep the dissolved gold in solution.
Conclusions
We have shown that AuNPs often viewed as “inert” can dissolve in contact with macrophages.
These findings could be important for applications and risk assessments of AuNPs as well as
for the understanding of the biological fate of NPs in general.
Summary
We have developed a novel in vitro assay for quantitative assessment of nanoparticle
dissolution in contact with macrophages. The dissolution of AuNPs was demonstrated to be
size-dependent and enhanced in the presence of macrophages.
Keywords
bio-solubility, dissolution, metal-release, fate, gold
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NanoPharos: A multi-layered nanomaterials database to support machine learning
modelling and the development of Alternative Testing Strategies and Integrated Approaches
to Testing and Assessment
Papadiamantis A1,2, Tsoumanis A1, Voyiatzis E1, Anastasiou C1, Ha M3, Yoon T3,4, Jänes J5,
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Generation Material Design, Hanyang University, Seoul, Korea, 5nstitute of Chemistry,
University of Tartu, Tartu, Estonia, 6Faculty of Medicine and Health Technology, Tampere
University, Tampere, Finland, 7BioMediTech Institute, Tampere University, Tampere, Finland,
8Institute of Biotechnology, University of Helsinki, Helsinki, Finland, 9School of Chemical
Engineering, National Technical University of Athens, Athens, Greece
Poster Session 4, April 21, 2021, 13:30 - 14:15
The risk assessment of nanomaterials (NMs) requires the development of Alternative
Testing Strategies (ATS) and Integrated Approaches to Testing and Assessment (IATA) that
can support in vivo experimental data. Besides in vitro approaches, robust and validated
computational strategies can help decode the mechanisms of action (MoA) of NMs. To
achieve this, sufficient amounts of high-quality nanosafety-related datasets are required,
although currently these remain fragmented and inaccessible or are unusable due to the
lack of sufficient metadata.
Here we present the development of a novel database (DB), NanoPharos
(https://db.nanopharos.eu/), offering harmonised, ready-for-modelling open-access
nanosafety and nano-biological interactions data. NanoPharos allows the uploading of all
types of nanosafety data, including NMs’ physicochemical characterisation and details of the
systems in which they are interacting. Users can enrich their physicochemical, exposure,
interactions and transformations, hazard and risk assessment data with structural, atomistic
and molecular descriptors, making it possible to study the NMs MoA from the atomic level
through to biomolecule, organelle, cell, organism, population and ecosystem levels, to
support the development of Adverse outcome Pathways (AOPs) and a wide range of
nanoinformatics, artificial intelligence and machine learning approaches.
Currently, the NanoPharos DB offers users the opportunity to import and/or enrich NMsrelated datasets with 113 distinct descriptors, comprising 30 physicochemical descriptors
(including 18 that can be extracted from TEM images), 3 structural descriptors, 18 molecular
descriptors and 62 atomistic descriptors. The exposure, interactions, hazard and risk
assessment part of the DB allows the importing of all relevant data and assay-related
information that may influence the acquired results and the metadata needed for the
development of predictive models (e.g. assay type, exposure dose).
The study was funded by the H2020 NanoSolveIT (Grant agreement: 814572) and
NanoCommons (Grant agreement: 731032) projects and the European Regional
Development Fund and the Republic of Cyprus, Research and Innovation Foundation (POSTDOC/0718/0070).
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Overview on Nano Risk Assessment Tools and Models from an SME Point of View
Zabeo A1, Basei G, Carisi M1, Rosada F1, Chiarot G1, Pizzol L1, Hristozov D1
1Greendecision, Venice, Italy
Poster Session 4, April 21, 2021, 13:30 - 14:15
Introduction
This presentation gives an overview of the state-of-the-art on decision support systems for
risk assessment and management of engineered nanomaterials used in consumer products
and medical technologies mostly developed by our company GreenDecision S.r.l. in a number
of European R&D projects such as the H2020 GRACIOUS, caLIBRAte, REFINE, BIORIMA and
Safe-n-Medtech.
Results
The experience gained by GreenDecision in the aforementioned projects led to the creation
of a nanosafety data and modelling infrastructure in the EU-H2020 NanoInformatix project,
which will be established as a digital European hub to ease the access of stakeholders to
data repositories and tools for predictive modelling, as well as risk assessment and
management of nanomaterials.
Conclusion
In over a decade of experience in developing nanosafety modeling and decision support tools
we have made the following conclusions: i) big steps have been made in collecting and
organizing data in data repositories, but data curation efforts are still in their infancy; ii) there
has been significant progress in developing nanosafety assessment models, but they have not
been sufficiently tested in real life; iii) there’s a tendency of merging the existing nanosafety
databases and assessment tools in web-based platforms, but a truly integrated data and
modelling nanosafety decision support infrastructure is still missing.
Acknowledgements: This work has received funding from the European Union’s Horizon 2020
Research and Innovation Programme under Grant Agreements: No 686239 (caLIBRAte),
760840 (Gracious), 760928 (Biorima), 814426 (NanoInformaTIX), 761104 (REFINE), 814607
(SAFE-N-MEDTECH).
Keywords
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Performance of advanced in vitro models from permanent rainbow trout cell lines for
assessing fate and toxicity of nanomaterials in fish
Lammel T1, Baun A2
1Department of Biological and Environmental Sciences, University of Gothenburg, Göteborg,
Sweden, 2Department of Environmental Engineering, Technical University of Denmark , DK2800 Kgs. Lyngby, Denmark
Poster Session 4, April 21, 2021, 13:30 - 14:15
Introduction
The aim of this research is to assess the performance of advanced (organotypic) in vitro
models based on permanent cell lines from rainbow trout gut and liver to determine the
potential fate and effects of nanomaterials in fish, specifically, RTgut-GC transwell cell
cultures –an in vitro model of the intestinal barrier, and three-dimensional (3D) RTL-W1
spheroids/microtissues –an in vitro model of the fish liver. The nanomaterial exemplarily used
for this purposes is nanoparticulate titanium dioxide (TiO2 NPs) (Aeroxide® P25).
Results
RTgut-GC cells cultured on ThinCert™ cell culture inserts for three weeks formed a tight
epithelial cell layer (indicated by increase in transepithelial electrical resistance and limited
Lucifer Yellow leakage) and showed signs of polarization (microvilli, lateral cell-cell junctions).
TEM analysis showed that individual TiO2 NPs were able to migrate into lateral intercellular
spaces. Furthermore, TiO2 NPs were endocytosed by RTgut-GC cells. Confocal laser scanning
microscopy showed that NP co-localisation with lysosomes (LysoTracker™) was limited,
suggesting that NP-containing vesicles may not be routed to degradative compartments. NPcontaining vesicles were found throughout the cytosol, including close to the basal plasma
membrane. In addition, sp-ICP-MS analysis of medium samples of the receiver well (i.e., lower
compartment of the transwell system) indicated the presence of TiO 2 NPs (0.013 ± 0.013
µg/mL; 112.0 ± 18.4 nm), suggesting NP translocation across the ”intestinal barrier”. TiO2 NP
uptake was also observed in RTL-W1 cell 3D microtissues (spheroids). Their further fate within
the microtissues (outside-inside migration, and vice versa) and long-term effects are currently
investigated.
Summary and conclusions
RTgut-GC transwell cell cultures and RTL-W1 spheroid microtissues may be suitable models
to obtain qualitative and quantitative information on the fate and effects of nanomaterials in
fish intestine and liver. The assessment of their performance deserves further investigation.
Keywords
fish, organotypic, in vitro, aquatic
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Proteomics-driven data fusion workflow to identify mode-of-action of nanomaterial toxicity
Plate K1, Ibrahim C1, Haase A1, Dumit V1
1Department of Chemical and Product Safety, German Federal Institute for Risk Assessment
(BfR), Berlin, Germany
Poster Session 4, April 21, 2021, 13:30 - 14:15
The overall aim of our project is to unravel the mode-of-action (MoA) for nanomaterials (NMs)
by using proteomics data. Unfortunately, the analysis of proteomics data is often hampered
due to missing standardization. Therefore, the overall aim of this work was to develop
standardized bioinformatics workflows that allow the analysis of various different types of
omics data in a standardized manner and that thereby enable the meta-analysis and
integration of different data sets. For the development of the workflow, we used publically
available datasets from the PRIDE repository. We evaluated and compared multiple
downstream data processing strategies using different kinds of normalization methods,
techniques for handling missing values, and other relevant parameters. Implementation
includes KNIME analytical platform, general programming languages like python and R for
flexible enhancement options, as well as established proteomics specific software, like
MaxQuant and Perseus.
We can show the results from applying our workflow on different data sets, including both in
vitro and in vivo experiments, covering different organisms or cell types, different conditions
and treatments. The analyzed data sets also employ different types of labelling (e.g. SILAC or
TMT) or use label-free approaches (e.g. LFQ). The key and major contribution of this work is
that it allows for the comparability of data across studies, which is based on the overarching
information considering not only protein identities and their levels, but also biological
pathways, Gene Ontology (GO) terms among other descriptors. Found descriptors allow us to
relate evaluated conditions to key events based on altered protein profiles, and the successive
linkage to the MoA of each NM treatment. This work aims to make proteomics data applicable
on a routine level for hazard and risk assessment and is part of EU NanoInformaTIX (grant
agreement N° 814426).
Keywords
nanotoxicity, mode-of-action, MS-based proteomics, nanoinformatics
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SbD approaches based on surface modifications applied to ENMs and NEPs to minimise risk
to human and environmental health
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L3, Andreu O4
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Istanbul, Turkey, 3International Iberian Nanotechnology Laboratory (INL), 4715-330 Braga,
Portugal, 4Xenobiotics S.L, 46980, Paterna-Valencia, Spain
Poster Session 4, April 21, 2021, 13:30 - 14:15
Introduction A major challenge for the global nanotechnology sector is the development of
safe and functional engineered nanomaterials (ENMs) and nano-enabled products (NEPs).
Safe-by-Design (SbD) strategies allows the minimisation for the risks associated with their use.
The concept address safety issues during the research and development aiming at the
development of functional and safe ENMs and NEPs. Therefore, to minimise risks to human
and environmental health during the engineering of NEPs, different approaches based on
surface modifications strategies are being defined and applied to industrial target ENMs in
the framework of SbD4Nano Project.
Results According to the ENMs’ final application (declared by industrial partners), several
strategies based on surface modifications -doping, coating, functionalisation- are being
designed and developed to reduce their direct and indirect adverse effects. The selection of
the strategy in each case consider different parameters, key in application stage like:
biocompatibility, formulation stability, chemical suitability, dissolution, size, surface
chemistry and chemical nature, aggregation, and cost-benefit criteria. For that, properties of
the surface modified particles are being assessed to support the evaluation of the effects of
the modifications conducted. Validation of the mitigation of potential risk generated by ENMs
on health and environment is also carried out through (eco)toxicological in vitro studies based
on OECD standards. Depending on the nature, physicochemical profile, and application of the
ENMs are given.
Conclusions Considering case-by-case the different parameters that influence the
applicability of ENMs when applying SbD strategies to minimise health and environmental
risk, and their release potential, is key to success performance.
Summary
- There is a need to minimise risks to human and environmental health related to
ENMs and NEPs, and SbD strategies are useful
• Strategies must consider various parameters to be viable for their application
• The physicochemical characterisation of modified ENMs and their (eco)toxicological
validation is key to industrial success
• Keywords
• Engineered nanomaterials, safe-by-design strategies, safety,
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Sex-related response of mice to silver nanoparticles after sub-acute exposure
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Introduction
The extensive use of silver nanoparticles (AgNPs) represents a public concern in regards to
safety and health risk (1). Production of reactive oxygen species (ROS) has been considered
as one of the molecular initiating event linked to their mode of action (2 - 4). Some studies
reported that adverse health effects of AgNPs could depend greatly on the formation of
protein corona (5 - 8). We aimed to investigate the sex-related differences in the
biodistribution and oxidative stress response in adult mice after sub-acute exposure to lowdoses of polymer- vs. protein-stabilized AgNPs.
Results
Intact and gonadectomised male and female mice were treated intraperitoneally with
polyvinylpyrrolidone (PVP)-coated or transferrin (TRF)-coated AgNPs in a dose of 1 mg Ag/kg
b.w. during 21 day. After treatment, the Ag levels and oxidative stress biomarkers were
determined in different tissues. In addition, changes in steroid hormone (aldosterone,
cortisone,
corticosterone,
testosterone,
androstendione,
progesterone,
dehidroepiandrostendione and 11-deoxicorticosterone) serum levels were measured .
Sex-related differences were observed in tested parameters in almost all tissues.
Concentration of Ag was significantly higher in the liver of females compared to males, and in
the lungs of intact males compared to gonadectomised group. The most evident difference
was in lungs where female mice responded more intensively to AgNPs exposure. There were
no significant differences in levels of hormones in the AgNP-exposed animals compared to
controls.
Conclusions
The AgNP distribution and toxicity effects are sex-related. Protein corona did not prevent
oxidative stress, but induced a sharper response compared to PVP-AgNPs.
Summary
- favourable AgNP deposition in female compared to male liver
- most apparent sex-differences in oxidative stress response observed in the lungs
- exposure to TRF-AgNPs resulted in higher levels of ROS/GSH in kidney and liver
compared to PVP-AgNPs
1. Li Y, Cummins E. Hazard characterization of silver nanoparticles for human exposure
routes. J Environ Sci Heal - Part A Toxic/Hazardous Subst Environ Eng. 2020;55(6):704–25.
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Standardisation of mutagenicity testing approaches, tailored to the evaluation of
engineered nanomaterials
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Introduction: The hypoxanthine-guanine phosphoribosyltransferase (HPRT) forward
mutation assay is a standardised method for assessing mutagenicity induced following
exposure of mammalian cells to chemicals. However, this assay has not been harmonised for
the assessment of engineered nanomaterials (ENMs). The present study therefore aims at
achieving this harmonisation for testing ENM mutagenicity using the HPRT assay. An
interlaboratory approach was employed incorporating two OECD-approved cell lines; Human
lymphoblastoid (TK6) and Chinese hamster lung (V79-4) cells to investigate the mutagenic
effects of titanium dioxide (TiO2 #JRCNM01005a990582) & zinc oxide (ZnO) (Sigma
#MKCJ4155).
Results: TK6 cells showed significant (p<0.05) cytotoxicity at 10 & 20µg/ml following 24-hour
ZnO exposures and at 50µg/ml following TiO2 exposures. No significant mutagenicity was
observed at any tested concentration for these ENMs; the chemical positive control, methyl
methanesulfonate (MMS), however consistently induced significant mutagenicity. V79 cells
showed no significant cytotoxicity at any tested concentration of ENMs. However, significant
(p<0.05) mutagenicity was observed at 10 & 20µg/ml with ZnO exposures and 10, 25, 50 &
100µg/ml following TiO2 exposures.
Summary: The data gathered thus far shows that TK6 cells show significant cytotoxicity but
no mutagenicity following ENM exposures and that V79 cells show no cytotoxicity but
significant mutagenicity. This has identified differences in the sensitivity of the cell type
responses. A more comprehensive evaluation utilising a wider range of ENMs with this test
must now be performed. This could identify assay limitations which may arise due to the
physico-chemical features of some ENMs.
Acknowledgements: The authors would like to acknowledge that this research has received
funding from the European Union’s Horizon 2020 research and innovation program for the
RiskGONE project, under grant agreement Number 814425.
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The development of a HepG2 3D spheroid model for the preclinical assessment of
nanobiomaterials (NBMs)
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Introduction:
Despite the exciting properties and wide-reaching applications in human health and medicine
of nanobiomaterials (NBMs), their translation is slow with a critical issue being unintended
off target effects, in particular liver accumulation and toxicity. In vitro 2D cell-based assays
and in vivo testing are the most popular and widely used methods for assessing liver toxicity
at preclinical stages; however, these methods have many limitations in assessing NBM
hepatotoxicity. One potential way of overcoming this caveat is by adopting more humanrelevant models, such as in vitro 3D hepatic spheroids. These have shown great promise in
detecting, in a predictive manner, the effects of various hepatotoxins in human, with their
enhanced human-specific structure and functionality when compared to conventional 2D
monocultures.
In this work, spheroids were adopted for assessing viability, liver-specific spheroid structure
and functionality. Following this, their functional relevance to an AuNP NBM was assessed
using commonly used in vitro assessment assays, namely cytotoxicity, ATP quantification and
genotoxicity, with comparisons made to 2D monolayer cultures
Results and conclusion: Results indicate that 3D hepatic spheroids display in vivo-like cellular
morphology, secondary structure formation, expression of localized hepatic transporters, and
enhanced liver-specific functions when compared to 2D cultures. 2D cultures are more
sensitive to the cytotoxic effects of AuNPs, with 3D HepG2 spheroids exhibiting greater
resistant, in a similar manner to what is observed in vivo. HepG2 spheroids are also more
sensitive to the genotoxic effects of AuNP. Overall this work shows the huge potential in vitro
3D models to bridge the gap between conventional 2D cell cultures and animal modes, acting
as promising advanced in vitro models for toxicity assessment of NBMs
Keywords
spheroids 3D NBMs 3Rs hepatotoxicity
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Toxicity of particulate matter emitted from biomass burning in Thailand
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Each year, Chiang Mai, a major city in northern Thailand, experiences severe haze (smoke)
pollution for a period of several weeks, due to the biomass burning. The haze is made up of
numerous air pollutants, but a major component is airborne particulate matter (PM), of
varied size and composition. The toxicity of PM emitted from traffic derived sources has
been extensively investigated in epidemiology and laboratory studies. However, there are
currently uncertainties regarding the toxicity of PM that is emitted from biomass burning.
The present study aims to compare the toxicity of PM samples taken during and after haze
events occurring in Chiang Mai, to compare the potential toxic effect of haze and non-haze
PM. In addition, diesel exhaust particles (DEP) and ultrafine carbon black (ufCB) were used
as reference particles as their toxicity has been extensively investigated when studying the
adverse health effects of traffic-derived particles. The physico-chemical properties of the
PM samples were characterised and evaluated for their ability to induce cytotoxicity,
changes in cellular morphology and pro-inflammatory responses, in the murine J774A.1
macrophage cell line, which was used as a surrogate of alveolar macrophages. On the basis
of preliminary cytotoxicity data the following hazard ranking was established: ufCB > hazederived PM > DEP. In addition, light microscopy examination revealed that haze-derived PM
induced vacuole formation in J774A.1 cells.
Furthermore, we have utilised non-protected wild type zebrafish embryos to assess the in
vivo developmental effects of ufCB and DEP by assessing endpoints such as embryo
morphology, hatching, somite formation, and mortality following exposure to ufCB and DEP.
Retinoic acid was included as a positive control. Preliminary results indicate that DEP is of
greater toxicity than ufCB, with higher incidences of embryo abnormalities and mortality
observed. Future work will investigate the inflammatory response stimulated by ufCB and
DEP in transgenic zebrafish embryos by monitoring neutrophil and macrophage responses
over time.
This study will provide important information on the toxicity of biomass burning derived
PM, which can be used as an evidence base to protect public health.
Keywords
PM, Air pollution, toxicity, Thailand
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Introduction
Air monitoring approaches are vitally important in determining worker exposure to
engineered nanomaterials (ENM) during manufacturing. Further, directly relating such
exposure concentrations towards hazard identification studies is crucial in determining the
true risk of ENMs to human health. The objective of this study therefore was, i) to measure
the real-time ENM exposure levels at an ENM production facility, and ii) to investigate the
associated biological interactions/impact of these proportionate human exposure levels using
an in vitro model of the innate immune system.
Daily particle number concentrations were measured at a graphene manufacturing facility
using a DiSCmini (Testo) particle counter. The average monthly air quality within a graphene
ENM processing room was 12,377.66 particles/cm3. This, in addition to ENM aerodynamic
diameter and modelled regional deposition in the human lung (MPPD) enabled a dosimetry
estimation extrapolated to an in vitro dose of 0.3-43.2μg/ml addressing a feasible low-high
dose range. As a model of the human innate immune system, monocyte-derived
macrophages (dTHP-1) differentiated with 20nM phorbol-myristate acetate (PMA) were
used. These were exposed to 0.3-43.2μg/ml of the graphene ENM previously measured within
the occupational setting, as well as 3.9-31.19μg/ml Printex 90 carbon black as a comparative
control, for 6- and 24- hours under submerged conditions. The impact of the ENM were then
determined against specific key events within published Adverse Outcome Pathways (AOP)
e.g. AOP173.
Results
At sub-lethal concentrations, the graphene ENM did not engage macrophage (M1)
maturation (CD86+) above the untreated control. However, an increase in (pro-) inflammatory
mediators IL-18, CCL5, CEBPB, IL-15, TNF-a, MIP-2α and IL-1β, as well as the ROS regulator
SOD-2 was observed after 24-hour exposure at all concentrations, similar to that of Printex
90 particles.
Conclusions
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In conclusion, occupationally relevant concentrations of an industrially produced ENM type
causes a significant (pro-)inflammatory response, potentially mediated by an oxidative burst
in vitro.
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Introduction
Due to the rapid development of a diverse array of engineered nanomaterials (ENM),
exposure to ENM is inevitable and the development of robust, predictive in vitro hazard
testing systems is essential. Adverse Outcome Pathways (AOP) describe the sequence of key
events (KEs) that are associated with a resultant pathological event, or Adverse Outcome
(AO). The aim of this study was to develop a novel panel of biomarkers to detect KEs that are
indicative of liver carcinogenesis to better support in vitro predictive toxicology.
Results
3D HepG2 liver spheroids were exposed to either TiO2 or Ag for up to 120hrs prior to RNA
extraction. A total of 88 genes associated with liver carcinogenesis were screened by RT-qPCR.
Following 24hr exposure to TiO2, IGFBP3, TGFB1 and WNT5A genes were upregulated (Table
1). In contrast, at 120hrs ESR1 was upregulated, however, TGFBR2, MMP3, IL10 were
downregulated. Interestingly, these same genes were also altered by Ag at 120hrs, indicating
an EMN specific effect. This data demonstrates that longer-term exposure to Ag and TiO2
results in transcriptional alterations that are important in driving hepatocellular carcinoma.
Table 1: Novel biomarker panel highlighted to detect KEs of liver hepatocarcinoma
progression.
24 Hours
Ag (1.0 & 5.0
TiO2 (1.0 & 5.0
µg/ml)
µg/ml)

120 Hours

RXRA
/
/
Ag (1.0 & 5.0
µg/ml)
IL10
CD44
CDNK1A
ESR1
MMP3
TGFBR2

IGFBP3
TGFB1
WNT5A
TiO2 (1.0 & 5.0
µg/ml)
IL10
/
/
ESR1
MMP3
TGFBR2
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Conclusions
Through RT-qPCR analysis we have highlighted a set of genes that are associated with liver
inflammation and fibrosis (known precursors of liver cancer), as well as carcinogenesis, using
an in vitro 3D liver model. Transcriptional changes that occur after 24hr Ag exposure appear
to be reversed by 120hrs suggesting long-term effects are not imposed by ENMs that readily
dissolve. For ENM with much slower dissolution profiles (e.g. TiO2), transcriptional changes
are more prominent over longer exposure times and could be associated with driving AO.
Changes in gene expression are time specific; for example, at 24hrs, short term changes were
mostly related to inflammation and fibrosis, whereas after longer exposures, transcriptional
changes appeared to be more relevant to carcinogenesis.
Keywords
AOP, nanomaterial, biomarkers, Liver carcinogenesis
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Applications of ZnO nanomaterials in various consumer products such as building materials,
sunscreens, moisturizers, food packaging as well as in the biomedical field have raised
concerns in terms of environmental and health effects. Physicochemical characteristics,
namely smaller size and increased surface area of engineered nanomaterials (ENMs) are
assets for technological applications, while contributing to increased cellular reactivities.
ZnO nanoforms were recently identified by the New Substances Assessment and Control
Bureau (NSACB) of Health Canada as one of the ENMs in commerce in Canada that required
toxicity information for risk analysis. A set of well-characterized ZnO nanoparticles (NPs) of
varying sizes and surface-modifications (e.g uncoated 30, 45, 53 nm; coated with silicon oil,
stearic acid and triethoxysilane derivatives) were therefore screened for in vitro cytotoxicity
in two cell types, namely, human lung epithelial cells (A549) and mouse monocyte
/macrophage (J774) cells. ZnO (bulk) and ZnCl2 were used as reference particles in this work.
Cytotoxicity endpoints analysed 24 h post exposure were, CTB (cell viability), ATP (cellular
energy metabolism) and %LDH released (cell membrane integrity). Oxidative stress
measurements were also done by analysis of conversion of GSH to GSSG in these cells.
Exposure dose-, cell type- and assay-specific responses were observed with the markers of
cytotoxicity (e.g. membrane integrity, energy metabolism) as a result of NP exposure. Size
and surface coatings influenced solubility and potentially NP-cell interactions thus impacting
on cellular cytotoxicity of these ZnO nanoforms. Also, oxidative stress appeared to be one
of the mechanisms by which these NPs elicited cytotoxic responses. Furthermore,
physicochemical properties of NPs, namely, surface area, agglomeration and metals were
associated with cytotoxic potencies. These findings support health risk analysis and inform
on selection of safer materials for technological applications.
Keywords
ZnO-nanoforms, in-vitro cytotoxicity, oxidative stress
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Introduction
Inhalation of nanoparticles (NPs) can induce a pro-inflammatory response of the lung,
characterized by the influx of neutrophilic granulocytes into the airspace. However, the
spatio-temporal events taking place in the early phase of NP induced neutrophil recruitment
from the pulmonary microvasculature to the alveolar compartment remain largely elusive.
Results
Carboxyl Quantum-Dots (cQDs, 20 nm diameter) - which served as fluorescent model NPs became visible within seconds after the onset of inhalation of 2.8 µm cQD suspension droplets
and accumulated as distinct fluorescent spots at the alveolar walls. Already at 45 min after
inhalation, a deposited NP dose of 16 cm2/g (geom. surface area of NPs / mass-lung),
determined by quantitative fluorescence measurements, elicited an increase in neutrophil
numbers (immunolabeled with fluorescent anti-Ly6-G) in the area of observation, as
compared to the control group. Neutrophils preferentially arrested in microvessels in close
proximity to the NPs, where they exhibited a probing/crawling behavior. The number of
alveolar localized neutrophils, i.e. after trans-endothelial and trans-epithelial migration, was
significantly increased 60 min upon NP inhalation, compared to the control group, receiving
vehicle. Interestingly, we frequently observed alveolar localized neutrophils with ingested
NPs.
Conclusions
These data may point towards a contribution of neutrophils in the alveolar clearance of NPs.
In addition, our results suggest a specific immune function of cells of the alveolar walls in
response to NPs, including crosstalk with microvascular endothelium, facilitating rapid and
site-specific recruitment of neutrophils.
Summary
To visualize and measure in real-time the cellular pulmonary innate immune response
simultaneously with NP dynamics, we apply state of the art intravital microscopy (IVM) on
the alveolar region of the murine lung, in combination with ventilator-assisted inhalation of
nebulized NP aerosols.
This novel approach enables the study of (sub-)cellular dynamic events, which were
inaccessible up to now.
Keywords
nanoparticles,intravital microscopy,early alveolar neutrophil dynamics
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Introduction
Comprehensive characterization of nanoparticles (NPs) is essential for environmental
and health risk assessments. It is challenging to characterize the composition and
morphology of nanoparticles in the environment, as they are usually very complicated.
Thus, it is imperative to develop methods to characterize exposure and fate of NPs in the
working environment and natural systems. This study presents the development of an
atomizer-DMA-spICP-MS method and evaluates its performance using various sized gold
NPs (AuNPs). spICP-MS is an emerging method that converts the detected single-particle
mass to sizes and can characterize trace NPs in complex aqueous solutions. Yet, its
characterization of sizes remains challenging, especially for (hetero-)aggregates and
transformed NPs. Thus, additional approaches are needed. DMA is a common analytical
method in aerosol research field, and it can accurately select particle sizes by their
electrophoresis behaviors in an applied electric field in the air.
Results and Conclusions
The preliminary results indicate that the size distributions of different sized AuNPs (30
nm and 50 nm) measured by spICP-MS versus DMA are similar to those measured with TEM,
manifesting their sizing capabilities when they are hyphenated. A tailing in size distributions
from DMA analyses was observed and this was overcome by heating (to dry aqueous)
samples before DMA, suggesting that water droplets likely contributed to the tailing. A
sample containing mixed 30 nm and 50 nm AuNPs was evaluated with the DMA-spICP-MS
method and the result shows a comparable size distribution resolution of 30 nm and 50 nm
AuNPs from spICP-MS and DMA analyses, indicating adequate resolution of polydisperse
NPs. The transfer efficiency of the method was measured to be 3.35% and it can readily
measure 5.0 × 105 to 5.0 × 107 # AuNPs/mL in water.
Summary
The development and applications of the method will be discussed in this talk.
Keywords
orthogonal analysis、two-dimensional size analysis、heteroaggregated-nanoparticle
analysis
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Introduction
The wide use of metal oxide nanoparticles (MONPs), such as TiO2 NPs and ZnO NPs, have led
to an increased human exposure; the respiratory airways are considered the main route of
exposure. Despite that the relevant respirable MONPs concentration is uncertain some of
their mechanisms in alveolar cells have been described; the inflammatory response and
oxidative stress play an essential role in MONPs induced cellular damage, additionally a
possible disruption of metabolic pathways leading to an increase in lipid synthesis among
other metabolic damages has been proposed. Our study aims to describe the nano-bio
interaction between the TiO2 NPs and ZnO NPs and the alveolar epithelial cell line A549 as
well as the possible disruption of the metabolic pathways involved in the lipid synthesis and
the insulin response.
Results
Exposure to non-cytotoxic concentrations of TiO2 NPs and ZnO NPs (2.5 – 10 g/cm2) in the
air/liquid interface (Cloud, Vitrocell ) showed the presence and a possible increase of lipid
droplet formation in A549 cells cytoplasm (determined by the Oil Red O staining). Also, the
nano-bio interaction of MONPs and the A549 cells was determined by Atomic Force
Microscopy (AFM), showing the presence of the NP’s surrounding the cells and a possible
uptake.
Conclusions
The nano-bio interaction between the A549 cells and the MONPs could lead to an increase in
the synthesis of lipids in the cells. The use of tools as the RNA sequencing could help to
determine the possible modifications of canonic pathways as oxidative stress, inflammatory
response and insulin pathway associated with the cell metabolism and their alteration after
exposure to TiO2 NPs and ZnO NPs.
Summary
Interaction between A549 cells and the MONPs lead to an increase in the synthesis of lipids.
RNA sequencing will help to determine the modifications of the metabolic canonic pathways.
Keywords
NPs, interaction, metabolic pathways, disruption
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Introduction
Toner-based printing equipment (TPE) emits emit high levels of nanoparticles (PM0.1) during
operation. Although it is well established that toners contain multiple engineered
nanomaterials (ENMs), little is known about release and inhalation exposures to these
nanoparticles and work practices in printing centers. In this report we present a
comprehensive inhalation exposure assessment of indoor microenvironments at six
commercial printing centers in Singaporeusing real-time personal and stationary monitors,
time-integrated instrumentation and multiple analytical methods.
Results
Extensive presence of ENMs, including titanium dioxide, iron oxide and silica, were detected
in toners and in airborne particles collected from all six centers studied. We documented
high transient exposures to emitted nanoparticles (peaks of ~500,000 particles/cm3, lung
deposited surface area of up to 220 m2/cm3, and PM0.1 concentrations of up to 16 g/m3)
with complex PM0.1 chemistry that included 40-60 wt% organic carbon, 10-15 wt%
elemental carbon, and 14 wt% trace elements. We also recorded 271.6 – 474.9 pmol/mg of
United States Environmental Protection Agency-priority polycyclic aromatic hydrocarbons.
Conclusions
These findings highlight the potentially high occupational inhalation exposures to
nanoparticles with complex compositions resulting from widespread usage of nano-enabled
toners in the printing industry, as well as inadequate ENM specific release and exposure
control measures in these settings. These real-world occupational exposure data are being
utilized to support our ongoing molecular epidemiology and mechanistic studies aiming to
further understand the nano-bio interactions, exposure-dose-effect relationships and
potential adverse health consequences within the occupational cohort recruited from these
participating printing centers.
Keywords
photocopy centers, engineered nanomaterials, toners
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Introduction
The studies of risks and mitigation of the presence of engineered nanoparticles in the
environment are lagging far behind the rate of utilisation, which represents a critical
environmental and safety challenge. Given the importance of the aquaculture sector for the
Atlantic Area, studying the risks associated to NPs in the Atlantic area aquaculture is of high
importance. Turbot (Scophthalmus maximus) is one of the most relevant fish species in
aquaculture and extensively consumed in the European Union. In this work we studied the
accumulation of one of the most used titanium dioxide NPs, P25, on turbot, by dietary
exposure.
Results
Turbots were fed daily with pellets contaminated 1.5 with mg/Kg during 90 days. Muscle,
liver, kidney and intestine were analysed by transmission electron microscopy (TEM) after 0,
55 and 90 days of exposure. No TiO2 NPs were observed in any tissue. However, an enlarged
rough endoplasmic reticulum and swollen mitochondria in the turbot kidney exposed at 1.5
mg/Kg TiO2 was observed. An analysis of the faeces from the turbot tanks by energy
dispersive X-ray spectrometry (EDX)-scanning electron microscopy (SEM) demonstrated the
massive elimination of the TiO2 NPs by this route.
Conclusions
As in studies using other studies TiO2 NPs do not seems to significantly accumulate in any
relevant organ of turbot after dietary exposure, however, some the ultrastructural analysis
of kidney cells seems to indicate a relevant sub-acute toxicity involving the endoplasmic
reticulum and mitochondria. Further studies on the toxicity mechanisms by transcriptomics
and metabolomics are being conducted.
Summary
Initial bioaccumulation studies of P25 TiO2 on the aquacultured species turbot indicate that
are not significantly accumulated in the major organs, however, some ultrastructural
alterations in organelles of kidney point out that a more in deep analysis of sub-acute
toxicity should be carried out.
Keywords
nanoparticle; TiO2; turbot; bioaccumulation; aquaculture
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Introduction: Carbon-based nanomaterials are attracting great interest in the field of
biomedicine, due to their extraordinary intrinsic properties. However, there are numerous
challenges related to their synthesis, particularly the extreme reaction conditions, poor yield,
and batch to batch variability, that limit their large-scale production. Moreover, aside from
their efficacy in preclinical studies, their translation into the clinic has been negatively
affected by toxicity related issues.
Results: Here carbon-based nanoparticles (CNPs) were prepared and subjected to in-depth
characterization. CNPs were obtained by a facile, reproducible and green synthesis approach
and were found to be monodispersed, negatively charged and almost spherical in shape. CNPs
exhibited antioxidant properties as suggested by the inhibition of the production of ROS and
NO in LPS-activated macrophages, in dark conditions. In contrast, following NIR irradiation,
CNPs were able to generate singlet oxygen and heat in cell-free experiments. The efficacy as
therapeutic agent was tested in vitro toward human lung adenocarcinoma cells (A549). When
activated by NIR, CNPs induced rapid cell death, characterized by an elevation of heat shock
proteins and the induction of DNA lesions, as a consequence of their photo-thermal (PT)
activity.
In order to evaluate their biocompatibility, CNPs were administered to non-transformed
human lung epithelial cells (BEAS-2B) and primary human monocyte-derived macrophages.
CNPs did not induce any cytotoxic effects. Finally, CNPs were susceptible to biodegradation
by recombinant human myeloperoxidase (MPO) and by primary human neutrophils
expressing MPO.
Conclusions: Overall, the results suggest that CNPs represent a promising agent for PT
therapy of lung cancer. Further studies including studies in relevant animal models are
needed.
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Introduction
IARC classify amorphous silica (AS) as a Group 3 material, and the FDA consider amorphous
silica as ‘generally recognized as safe’ (GRAS). However, recent studies have identified in vitro
toxicity of numerous AS particles, leading to suggestions that IARC and FDA conclusions were
reached without considering a wide range of silica forms. Size driven toxicity has been
suggested; however, there is a lack of knowledge concerning AS surface effects. Our study
aimed to elucidate the impact of AS surface chemistry on toxicity and in particular whether a
high surface silanol density could mimic crystalline silica toxicity.
Methods
Stöber derived nano-silica particles (30-320 nm), were tested alongside the positive controls
crystalline silica (DQ12), and fumed silica (A200). Characterisation of the silica particles was
undertaken using nitrogen sorption, FTIR and thermogravimetry. Toxicity was investigated
using the red blood cell (RBC) haemolysis assay, and by assessing cell viability, cytotoxicity
and cytokine secretion (IL-8 and IL-1β) following 24 hour exposure to human lung epithelial
cells (A549) and PMA-differentiated human macrophages (THP-1), with and without the
presence of foetal calf serum (FCS).
Results
In the absence of FCS considerable RBC haemolysis was observed for both control particles,
DQ12 and A200, alongside significant cytotoxicity and pro-inflammatory responses in both
cell lines tested; Stöber spheres also induced these same effects, in a size-dependent fashion.
However, in the presence of FCS, although both positive controls materials retained their
toxicity in all assays, the Stöber spheres were shown to induce no such responses.
Summary
Although all forms of the silica particles tested induced toxicity, the presence of molecules
such as proteins diminish the hazard of certain silica forms. These studies detected acute
responses, suggesting that responses are governed by surface chemistry. Characterisation is
ongoing to determine which impacts can be attributed to which surface features.
Keywords
amorphous silica, toxicity, silanol, nanoparticle
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Introduction
The genotoxic effects induced by nanomaterials in vivo are not well understood. To assess the
DNA damaging potential of nanomaterials in animal tissues after different modes of exposure,
we used a retrospective meta-analysis to estimate a weighted average of effect over 107
animal studies using 26 different engineered nanomaterials.
Results and Conclusions
A total of 148 studies were initially identified through detailed literature data base search.
After screening and application of inclusion criteria, 107 studies were considered as
appropriate for quantitative analysis. Overall, 1832 relevant data points were assembled and
harmonized to allow for a quantitative comparison of extracted data. These data points were
categorized based on three different species, nine different application types, three different
dose categories and four different categories for study duration times. DNA damage was
found in cells and tissues from 11 different organs and with six different test methodologies
assessing a variety of genotoxicity endpoints including chromosomal aberrations, DNA strand
breaks, micronuclei formation and gene mutations. Our results allow us to identify
nanoparticles with high DNA damaging potential and to suggest in vivo genotoxicity test
systems suitable and reliable for hazard assessment of nanoparticles. Moreover, this
systematic approach has the capacity to determine characteristics of nanoparticles and
exposure settings that may contribute to genotoxicity and to detect organs most vulnerable
to genotoxic effects.
Summary
- The present study examined and quantitatively analyzed published evidence for
nanomaterial-induced DNA damage in animals.
- A retrospective meta-analysis to estimate a weighted average over 1832 data points
identified nanomaterials with high DNA-damaging potential associated with different
modes of exposure.
- Results obtained in this study will help to unravel exposure routes/times and organ
sites of high sensitivity for genotoxic effects of specific nanomaterials.
Keywords
Nanomaterial genotoxicity, animal studies, meta-analysis
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Introduction
Fe3O4-PEG-PLGA nanoparticles (Fe3O4-PEG-PLGA-NPs) are promising bionanomaterials due
to its potential application in medical areas. The present study investigated pulmonary
effects of exposure to Fe3O4-PEG-PLGA-NPs and role of Nrf2 in them.
Results
Male C57BL/6JJcl wild-type and Nrf2-/- mice were given a single dose of 0, 10, or 30µg Fe3O4PEG-PLGA-NPs by pharyngeal aspiration. To confirm effects on human cells, air-liquid
interface cultures of the bronchial epithelial cell line Calu-3 were treated with equivalent
doses (20 and 60µg/cm2). 14days after the exposure, mice were euthanized and
bronchoalveolar lavage fluid (BALF) was collected. Total protein, total and differential cell
counts in BALF were examined. Lungs were sectioned and stained with Prussian-Blue. Gene
expression of proinflammatory cytokines in mice lung and human cell cultures were
examined with qPCR. Cytotoxicity, barrier function and cytokine release were also evaluated
in Calu-3 cultures.
Exposure to 30µg Fe3O4-PEG-PLGA-NPs increased total cells and macrophages in wild-type
mice, total protein, lymphocytes, neutrophils and eosinophils in Nrf2-/- mice, and basophils
in both genotypes. Prussian-Blue staining showed internalization of Fe3O4-PEG-PLGA-NPs by
lung macrophages in both genotypes. Exposure to Fe3O4-PEG-PLGA-NPs increased dosedependently pulmonary expression of TNF-α, KC and MIP-2 only in Nrf2-/- mice, SOD-1, GcLc,
GcLm, MMP2, and TGF-β only in wild-type mice. No alteration of cell viability or barrier
function were observed in human epithelial cell cultures and analysis of human cytokine
release and gene expression are in progress
Conclusions
The results suggest that exposure to Fe3O4-PEG-PLGA-NPs induces infiltration of
inflammatory cells in the lung of mice, and Nrf2 plays a role in regulation on leucocyte
migration and inflammatory response induced by Fe3O4-PEG-PLGA-NPs.
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Introduction: A key challenge related to efficient risk assessment of nanoforms (NFs) is the
design of grouping and read-across approaches that allow to optimally use the scarcely
available data on fate and (eco)toxicity. Similarity assessment is potentially a useful tool
within grouping and read-across approaches, albeit that this kind of assessment is still in its
initial stage of development for the specific case of nanomaterials. In this contribution an
approach to similarity assessment of metal-based nanomaterials is highlighted. It takes
account of the physico-chemical particle characteristics, the dissolution rate of the particles
as dependent on the experimental kinetics, and the toxicokinetics of the particle suspensions.
Three spherical moderately soluble Cu particles of different sizes (25, 50, 100 nm), one quickly
dissolving spherical ZnO NF (25 nm) and one slowly dissolving BaSO4 NF (100 nm) were
selected. Dissolution kinetics were determined in batch mode as well as in a flow through
system. Time-dependent toxicity was determined using root elongation of lettuce, bacteria
growth inhibition, and mortality and behaviour inhibition of the sediment dwelling worm
species Lumbriculus variegatus as the endpoints. The corresponding metal ions were tested
as a positive control.
Results: The mere fact of NF solubility hinders the direct assessment of the inherent toxicity
of any NF as the toxicity of suspensions of soluble metallic NFs is dependent on the rate of
ion release and the relative toxicity of metal ions and NFs. Based on these considerations, first
of all a model for assessing suspension toxicity of soluble NFs as a function of time was
developed and validated. The model allows to quantify the specific toxicity of the NFs.
Subsequently, particle size and chemical composition were used as the basic NF properties
for developing similarity rules of NFs for the endpoints studied. Apart from the mathematical
description of the similarity rules, also their specific application in grouping and read-across
approaches will be highlighted.
Conclusions: This study demonstrates that similarity assessment of soluble NFs can be built
up by properly combining fate and ecotoxicity testing. Proof of concept is verified by a rather
straightforward selection of a small set of particles of different size and composition. The
concept can fairly easily be expanded to additional particle properties like morphology and
crystallinity.
Acknowledgements: The GRACIOUS project has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant agreement No 760840.
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Introduction. Each nanoform (NF) of the same substance may modulate the exposure and
hazard profile. To reduce the need to test all NFs, data requirements may be fulfilled by
grouping approaches, if similarities in physicochemical properties, toxicokinetic behaviour,
(eco)toxicological behaviour support the assumption of similar hazard.
Results To be in a group all NFs need to be sufficiently similar to each other. A pairwise
comparison of NF similarity using a triangle plot is central to all our approaches. We develop
concepts to assess similarity before or after data reduction. Descriptors such as median size,
iso-electric point, median aspect ratio reduce complexity and increase robustness from the
underlying distributions (of size, charge, shape). Analogously, toxicity is compared by
descriptors such as EC50, BMD20, mBOD, or by the underlying dose-response curves.
Algorithms to quantify dissimilarity include Bayesian model assessment, unsupervised
distance learning, x-fold-difference, and different options for visualization of similarity, which
are particularly helpful for simultaneous evaluation of similarity in multiple properties.
Benchmark materials delimit the biologically relevant range, and the total dynamic range of
each assay or measurement method. Similarity methods reduce the need for banding-based
groups, as exemplified on extrinsic properties and in vitro assays.
Conclusions The limits of acceptable similarity depend on the grouping purpose (regulatory
or safer-by-design), but can only be established via quantified similarity of benchmark
materials and NF case studies. Separate abstracts elaborate on reactivity, on dissolution, etc.
Here, we propose a generic concept to calibrate the acceptable similarity in data matrices by
comparing similarity in in vitro testing to similarity by in vivo testing.
Summary We demonstrate methods to compare the biological behaviour of NFs by data
matrices of one or more descriptors, focusing on quantified similarity of physicochemical
parameters and in vitro screening methods.
GRACIOUS (GA_760840) is funded by the EC.
Keywords
Grouping, similarity, descriptors, properties, invitro
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Keynote Speaker 5, April 21, 2021, 15:40 - 16:25
An EU regulatory approach to address the risk of nanomaterials under REACH
Rodriguez A1
1Echa, Helsinki, Finland
Keynote Speaker 5, April 21, 2021, 15:40 - 16:25
The EU REACH regulation addresses the import, manufacture and use of chemical substances,
and their potential impacts on both human health and the environment.
On 1 January 2020 the amended REACH Annexes to specifically address nanomaterials
entered into force. These amendments address the safe use of nanomaterials for human
health and environment, i.e. chemical safety assessment, information to be submitted for
registration and evaluation purposes, and downstream user obligations. The revised REACH
text inserts the concept of ‘set of similar nanoforms’, which can be used if the boundaries
(characterisation parameters) are clearly defined and a justification is provided showing that
hazard, exposure and risk assessment can be performed jointly.
Industry is updating their registrations regarding nanomaterials to comply with the revised
legislation.
To advise registrants in their new obligations, the European Chemicals Agency (ECHA) is
updating its registration procedure and guidance. As a result, ECHA manuals and guidances
are being developed. The ECHA registration manual How to prepare registration dossiers
covering nanoforms describes, e.g. the minimum information to be provided on the
composition and characteriation of the nanoforms registered.
In the human health ECHA Guidance on Information Requirements and Chemical Safety
Assessment update (currently at an advanced stage), solubility and dissolution rate have
been identified as key elements for structuring the hazard assessment approach. This is also
a key element to be discussed in the dedicated environment ECHA Guidance on Information
Requirements and Chemical Safety Assessment update, currently under drafting. The
environmental guidance includes a further challenge, as the development of standard test
guidelines and guidance documents applicable to nanomaterials is still ongoing for several
ecotoxicological and fate endpoints.
During the presentation, the implementation of these new information requirements through
a regulatory and scientific pespective will be presented.
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A co-culture model of the human respiratory tract to discriminate the toxicological
responses induced by carbon dot nanoparticles
Arezki Y1, Cornacchia J1, Rapp M1, Lebeau L1, Pons F1, Ronzani C1
1Laboratoire de Conception et Application de Molécules Bioactives, UMR 7199 CNRSUniversité de Strasbourg, Faculté de Pharmacie, Illkirch, France
Poster Session 5, April 22, 2021, 09:05 - 09:50
Introduction: This study aimed at discriminating with sensitivity the biological effects induced
by nanomaterials, called carbon dots (CDs), by assessing multiple toxicological responses
evoked by these nanoparticles in mono- and co-culture models of the human respiratory
tract.
Results: Epithelial cells (A549) and macrophages (activated THP-1) were seeded alone or as
co-cultures of different ratios (A549:THP-1: 5:1; 2:1; 1:1 or 2:1). After 48 h, the co-cultures
contained from 5 to 50% of macrophages. The ratio 2:1 was selected to assess CDs, as it
mimics better the in vivo conditions. We then characterized the cellular responses induced by
one anionic CD and three cationic CDs of different zeta potential and charge density (µmol of
amine/mg of material) in the mono- and co-culture models. The anionic CD (CD-COOH, -43.3
mV) did not induce any effect whatever the model. Regarding cationic CDs, an IL-8 secretion
was measured in the mono-cultures with the high charge density CD (CD-PEI600 (+31.8 mV;
4.70 µmol/mg), but none with CDs of lower density (CD-PEHA (+29.2 mV; 3.30 µmol/mg) and
CD-DMEDA (+11.1 mV; 0.01 µmol/mg)). In contrast, an IL-8 secretion was observed in
response to all cationic CDs in the co-culture model, with the following ranking: CD-PEI600 >
CD-PEHA > CD-DMEDA. Macrophage was the main CD target within the co-culture, as CDPEI600 was greatly internalized in this cell type compared to epithelial cells. CD-PEI600 uptake
by macrophages was associated with ROS production, lysosomal dysfunction and cell
necrosis.
Conclusions: The co-culture model used in this study represents a sensitive model to
discriminate the lung toxicological responses induced by cationic nanoparticles of different
charge density.
Summary: By associating epithelial cells and macrophages within a co-culture model, it is
possible to sensitively assess the safety of nanoparticles. Cationic nanoparticles with a high
charge density induced more effects than those with a lower density.
Keywords
Nanoparticles, Respiratory co-culture model, Sensitivity
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A NEW APPROACH TO UV PROTECTION BY DIRECT SURFACE FUNCTIONALIZATION OF
NANOSIZED INORGANIC FILTERS
Cesa E1, Vertuani S1, Manfredini S1
1University Of Ferrara, Ferrara, Italy
Poster Session 5, April 22, 2021, 09:05 - 09:50
Introduction
Cosmetic pleasantness of product containing inorganic UV filters depends on an unwanted
whitening effect which is inversely correlated to their size. To overcome this effect,
diameter has been reduced to nanosize but thus increasing the surface area and biological
reactivity and carrying questions about the safety of towards human and environment.
Following a “safe by design” approach we designed a new class of optimized sunscreen UV
filters by chemical functionalization of ZnO and TiO2 with polyphenols, both natural and
synthetic (Oxisol, Ellagic Acid and Ferulic Acid) in the aim to reduce side effects due to
photocatalytic activity of the above filters.

Results
The characterization of adducts (ATR–FTIR, SEM, and SEM–EDX analysis) confirmed a
complexation (i.e. a covalent bond) of nano-metal oxides instead of a coating. If compared
with the simple physical mixture, the new filters show different properties and act as
multifunctional molecules revealing an higher SPF (ISO 24443:2012), a better cytotoxic
profile (MTT and NRU assay), a radical scavenging action (PCL assay) and unattended antiacne activity. Safety profile of metal oxide greatly improved with a strong reduction of
photocatalytic activity (Acid blue 9 test) due to the activity of the ligand on band gap, where
those “boosters” act as scavengers for ROS or photogenerated holes/electrons.
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Conclusions
Functionalization of nano-metal oxide with aforementioned polyphenols leaded to several
benefits: especially a booster activity to UV protection (by means of synergistic antioxidant
effects) advantageous to reduce the quantity of inorganic filter in sunscreens and the
photocatalytic activity. So, this “safe by design” approach resolves negative aspects of nano
UV filters and generates multiperformance ingredients (both UV filter and antioxidant) with
a view to formulation minimalism.
Summary
These results present a new generation of coated inorganic filters bonded with booster
molecules that enhance the UV protection and resolve negative aspects especially due to
photocatalytic activity of nano-metal oxide.

Keywords
TiO2, ZnO, molecular combination, safety
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Assessment of endothelial, and monocyte-derived macrophage, models for investigating the
mechanisms of nanoparticle biodistribution.
Howarth A1, Wood A1, Tolitt B1, David C1, Main L1, Loier E1, Camotti Montanha M1, Kinvig H1,
Klinkenberg G2, Mørch Y2, Schmid-Baumberger R2, Liptrott N1, Siccardi M1
1University Of Liverpool, Liverpool, United Kingdom, 2Sintef, Trondheim, Norway
Poster Session 5, April 22, 2021, 09:05 - 09:50
Introduction
Defining the success of therapeutic nanobiomaterials (NBMs) necessitates the
characterisation of their biodistribution in the human body. The suitability of current in vitro
biodistribution assays requires validation and methods modified or refined or replaced
where required. The biodistribution of NBM results from multiple processes mediating the
NBM penetration in tissues and elimination. The objective of this study was to develop
assays to support an experimental evaluation of key biodistribution processes including the
NBM permeability through the vascular barrier and uptake by phagocytic cells.
Results
The human umbilical cell line EA.hy926 was treated with a range of nanomedicine materials
including Doxil, a lipid-based nanomedicine that is approved for clinical use. We identified
concentration dependent cytotoxic effects to varying degrees with the greatest effect in
cells treated with poly(2-ethyl-butyl cyanoacrylate) (PEBCA) with propidium iodide stained
cells 2-fold higher at a treatment dose of 100µg/ml. Total cell numbers were significantly
reduced with PEBCA treatment with 3.3-fold and 4.7-fold fewer cells in those treated with
10µg/ml and100µg/ml respectively. EA.hy926 monolayer integrity was compromised
following exposure to Doxil; monolayer permeability was 1.5-fold increased compared to
Doxebo control treated cells and 2.4-fold greater than untreated cells. Monocyte-derived
macrophages, derived from human volunteer blood samples, exposed to PEBCA
nanomaterials had fewer propidium iodide-stained cells.
Conclusions
EA.hy926 cells and patient derived macrophages might serve as a model for vascular
permeability and phagocytic uptake of nanomaterials with modification to account for the
concentration-dependent effects on cytotoxicity and monolayer integrity in the vascular
cells. The variability of these responses indicates requirement of a targeted assessment of
each material before applying them to the assays.
Summary
There is a need for reliable and validated in vitro assays to assess biodistribution of
nanomedicines in the human body. The assays considered here have promise and require
further optimisation to establish suitability across a range of nanomaterials.
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Cellular effects of Titanium Dioxide Nanoparticles in the intestine
Rolo D1, Pereira J1,2, Matos P1,2, Gonçalves L3, Bettencourt A3, Jordan P1,2, Silva M1,4, Louro
H1,4
1National Institute of Health Dr. Ricardo Jorge, Lisbon, Portugal, 2BioISI –Biosystems &
Integrative Sciences Institute, Faculty of Sciences, University of Lisbon, Lisbon, Portugal,
3Research Institute for Medicines (iMed.ULisboa), Faculty of Pharmacy, Universidade de
Lisboa, Lisbon, Portugal, 4ToxOmics – Centre for Toxicogenomics and Human Health, NOVA
Medical School, NOVA University, Lisbon, Portugal
Poster Session 5, April 22, 2021, 09:05 - 09:50
Introduction
The increased use of titanium dioxide nanoparticles (TiO2-NPs) as a food additive demands a
thorough assessment of their potential risk for human health. Via oral exposure they may lead
to adverse local or systemic outcomes, and few studies have focused on the cellular
internalization mechanisms (endocytosis) of TiO2-NPs. The objective was to analyze the
mechanisms by which TiO2-NPs (NM-102, NM-103 and NM-105, JRC repository) translocate
by the intestinal epithelium layer, using monolayers of human intestinal cell lines (Caco-2 and
HT29-MTX), as well as polarized Caco-2 cells, and co-cultures of both cells.
Results
We evaluated cell differentiation by transepithelial resistance measurements and the
translocation of TiO2-NPs tagged with alizarin through the intestinal barrier by confocal
microscopy and we confirmed the internalization of the TiO2-NPs in both cell line models. Colocalization studies suggested that the smallest TiO2-NPs were internalized into EEA1-positive
early-endosomes and accumulate in late endosomes (Rab7), with only a small fraction
following the degradative pathway to the lysosome (LAMP1). This suggested that at least part
of the TiO2-NPs could be redirected to the secretory pathway. Consistently, we detected
fluorescence passing from the apical (AP) to the basolateral (BL) chamber, depending on the
characteristics of cell model and TiO2-NPs tested.
Conclusions
Small TiO2-NPs were endocytosed by Caco-2 cells, with an increase in particle diameter
suggesting intracellular aggregation, whereas larger agglomerates deposited mainly
extracellularly. Following endocytosis, TiO2 NPs were trafficked through different intracellular
compartments including early and late endosomes/endo-lysosomes, with part being
subjected to AP to BL transport.
Summary
- TiO2-NPs may be translocated across the intestinal epithelium layer.
• This study contributes to a better mechanistic understanding of in vitro TiO2-NPs
kinetics as well as their potential fate and effects on humans.
• It is expected that such an approach will reduce uncertainties in the hazard
assessment of ingested TiO2-NPs for human health.
Keywords
TiO2, Ingestion, Uptake, Translocation, Endocytosis
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Cellular repair mechanisms triggered by exposure to silver nanoparticles (AgNPs) and ionic
silver (AgNO3) in embryonic zebrafish cells (ZF4)
Carrazco Quevedo A1, Valsami-Jones E1, Lynch I1
1University Of Birmingham, Birmingham, United Kingdom
Poster Session 5, April 22, 2021, 09:05 - 09:50
The potential risks of silver nanoparticles (AgNPs) to the environment and humans require
advanced toxicological studies to understand the cellular mechanisms triggered by organisms
in response to nanoparticles (NPs) exposure. As part of our ongoing efforts to confirm the
utility of the embryonic zebrafish cells (ZF4) as a potential in vitro aquatic model, we
evaluated the molecular mechanisms implicated in the cytotoxicity and cellular repair
mechanisms triggered by exposure of AgNPs under cell culture conditions. Results
demonstrated the crucial role of the surrounding medium as a mediator in the cytotoxicity
and changes in the physicochemical properties, such as hydrodynamic size and zeta potential,
of three different PVP-coated AgNPs (10, 30, and 100 nm). The assessment of the NPs
internalisation demonstrated differences based on time; after 2 hours of exposure, the NPs
were likely attached to cell membranes as part of the first NP-cell encounter, whereas after
24 hours the NPs were found in the lysosomes and nucleus. Similarly, the three different AgNP
sizes and the AgNO3 treatments demonstrated size-related toxicity in all the evaluated
responses, with high percentages of total ROS, disruption of the intracellular Ca 2+ balance,
and DNA breaks for the smaller size (10 nm) AgNPs and their ionic counterpart (AgNO3),
followed by the medium (30 nm) and large (100 nm) AgNPs. ZF4 cells were also able to
activate defence mechanisms to repair the damage, such as cell cycle arrest to provide time
to the cell to overcome the induced DNA damage.
Overall, our work showed high sensitivity and variability in cellular responses depending on
the state (ionic vs particulate) and size of Ag nanoforms delivered to ZF4 cells, suggesting the
potential use of ZF4 cells to screen the toxicity of AgNPs, providing insights about the adverse
outcome pathway framework as well as supporting the 3Rs initiative for the replacement,
reduction and refinement of animal in experimentation.
Keywords
silver nanoparticles, embryonic zebrafish cells
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Converting grouping Integrated Approaches to Testing and Assessment (IATAs) for the
effective risk assessment of nanobiomaterials with medical applications
Gillies S1, Powell L1, Fernandes T1, Murphy F1, Costa A2, Blosi M2, Bouwmeester H3, Sarimveis
H4, Prina-Mello A5, Hristozov D6, Stone V1
1Heriot-Watt University, Edinburgh, United Kingdom, 2Institute of Science and Technology for
Ceramics, CNR, , Italy, 3Division of Toxicology, Wageningen University, Wageningen, The
Netherlands, 4National Technical University of Athens, Athens, Greece, 5Trinity College Dublin,
The University of Dublin, Dublin, Ireland, 6University Ca’ Foscari, Venice, Italy
Poster Session 5, April 22, 2021, 09:05 - 09:50
Abstract:
Introduction
The unique characteristics of nanobiomaterials (NBM) has driven their increased use in
medical applications, such as medical devices (MD) and advanced therapeutic medical
products (ATMP). Thus, NBMs must be assessed to ensure their safety. However, it can be
challenging for non-nano experts to determine the safety testing necessary. Integrated
approaches to testing and assessment (IATA) could guide the gathering of relevant
information for safety assessment. Within the GRACIOUS project, over 40 IATAs have been
generated to aid the grouping of similar nanoforms (NFs) following exposure via a variety of
routes (e.g., oral, inhalation, dermal). We aim to edit these existing grouping IATAs to develop
risk assessment IATAs for NBMs.
Results
We selected an IATA from the GRACIOUS framework that is based on the inhalation of high
aspect ratio nanomaterials (HARN). The IATA was modified by replacing the hypothesis step
with a framework to gather basic information to assess the relevance of the IATA to risk
assessment. As such, assessment of similarity was removed, as well as steps confirming
acceptance of a grouping hypothesis. The steps highlighting the relevant endpoints of toxicity
were modified to question nodes which guide the user to gather appropriate data. The risk
assessment IATA is accompanied by a tiered testing strategy table which outlines the relevant
guidelines and methodology that should be followed by the user. The IATA is now being
assessed for its ability to successfully support the risk assessment of different multiwalled
carbon nanotubes with applications as NBM-MDs.
Conclusions
The conversion of existing grouping IATAs from the GRACIOUS framework will enable the
rapid generation of risk assessment based IATAs, for example for oral and dermal exposure
routes. Risk assessment based IATAs will allow NBM-MD and ATMP developers to work
towards current guidelines and regulations, while taking NBM specific considerations into
account.
Acknowledgements: This work has received funding from the EU Horizon 2020 project
under Grant Agreement No 760928 (BIORIMA) and Grant Agreement No 760840
(GRACIOUS).
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Data quality evaluation and assessment: the GRACIOUS approach
Basei G1, Jeliazkova N2, Rauscher H3, Hristozov D1
1GreenDecision S.r.l., Venezia, Italy, 2Ideaconsult ltd., Sofia, Bulgaria, 3Joint Research Centre
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Introduction
Using high quality data is essential for the robust and reliable risk assessment of chemical
substances, including the engineered nanomaterials (NMs). It is really important for risk
assessors to be aware of the quality of the datasets that they use, but such information is
currently not available for the majority of datasets that have been generated for NMs. To
address this issue, in the EU H2020 project GRACIOUS we propose a methodology to facilitate
the assessment of quality and completeness for sets of NM physicochemical and (eco)toxicity
data. This methodology is unique in the sense that it can automatically assess data quality
and completeness starting from the available (meta)data. It has been implemented in the
GRACIOUS/eNanoMapper database to enable real-time analysis of each dataset that is
included in it.
Results
The work started by reviewing the state-of-the art literature to identify criteria for assessing
completeness and quality of nanosafety datasets. The analysis of the data identified the
following established criteria that we included in our methodology:
- Data completeness and reliability to assess if the physicochemical properties of the
NMs were adequately characterized and if the (eco)toxicological test was conducted
in a reliable manner.
• Data relevance to assess, in regard to the intended purpose, if the study was
conducted using internationally accepted (standard) procedures.
• Data adequacy: defining the usefulness of the data for the intended purpose, i.e., risk
assessment.
The proposed approach allows to compute scores using algorithms related to these criteria,
thus assigning a quality and completeness score to the available (meta)data. This is done
starting from the GRACIOUS/OECD templates used to collect data for input in the
GRACIOUS/eNanoMapper database. The average of the computed scores for the templates
comprising a dataset represent the overall quality and completeness scores for the particular
dataset. Based on the calculated scores, a “traffic light” indicator is assigned to each
template/dataset: green, yellow or red. The colours can be seen in real time both on the
database interface and in the data input templates. This is intended as an incentive for the
data providers to deliver more complete and higher-quality datasets.
Conclusion
We proposed a four-stages methodology to automatically assess data completeness and
quality starting from the available (meta)data as provided in the data input templates of the
GRACIOUS/eNanoMapper database. The providers of the data can see in real time the
completeness scores calculated by the system for their datasets (as traffic lights), which can
motivate them to deliver more complete and higher-quality datasets. The users of the data
can also see this information both in the data entry templates and on the database
interface, which enables them to select better datasets for their risk assessments.
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Summary
• In the context of the GRACIOUS project, we proposed a methodology for data quality
and completeness assessment.
• The proposed methodology allows to automatically (i.e. programmatically) evaluate
quality and completeness scores.
• The methodology has been implemented directly in the eNanoMapper DataBase,
highlighting data quality and completeness by means of “traffic light” indicators.
• Keywords
• Data quality, Data completeness, eNanoMapper
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Environmental grouping and read-across for nanomaterials – are the properties defined by
ECHA sufficient regarding green algae?
Hund-Rinke K1, Schlich K1, Wolf C2, Kuehnel D3
1Fraunhofer IME, Schmallenberg, Germany, 2Institute for Energy and Environmental
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Introduction
Engineered nanomaterials show great variation. According to the European Chemicals
Agency (ECHA), grouping and read-across approaches can be applied to reduce the number
of tests required for the risk assessment. In the grouping and read-across concept, a
nanoform has the same crystalline structure, comparable particle size distribution,
morphology, surface functionalization and surface area. In the document it is not specified
whether these criteria apply to both, humans and environmental organisms and
compartments. We performed systematic experimental studies with several nanoforms and
a literature review addressing environmental standard test organisms such as algae.
Results
Nanomaterials affect aquatic organisms differently and relevant physico-chemical
parameters have to be defined specifically for every group of test organisms. Potential
different mode of actions need consideration, and whether they can be observed at the test
conditions.
For green algae, there are indications that the attachment efficiency of nanomaterials to the
organisms is an important factor for metals, metal oxides and CNTs. In case of attachment,
parameters expressed on the surface of the nanomaterials such as reactivity, are mainly
relevant. If there is no obvious tendency for attachment, nanomaterial properties affecting
the algae via the test medium such as solubility are important. Expansion of the criteria to
advanced materials such as polyurethane with larger dimensions are under development.
Conclusions
Attachment behaviour and reactivity cover several of the properties defined by ECHA and
can be directly linked to ecotoxicity. Qualitative methods describing the attachment
behaviour are available. Quantitative approaches have to be developed.
Summary
The criteria defined by ECHA in their grouping and read-across concept can affect
ecotoxicity inversely. To reduce the number of tests required for the risk assessment the
sum parameters “attachment behaviour” and “reactivity” are considered to be suitable
indicators for read-across and grouping regarding ecotoxicity on algae.
Keywords
grouping, read-across, ecotoxicity, algae
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Food grade titanium dioxide affects DNA, lipids and proteins, induces cell cycle arrest and
sustained toxicity in colon epithelial cells
Rodriguez C1
1UNAM, Acapulco, Mexico
Poster Session 5, April 22, 2021, 09:05 - 09:50
Introduction
Human exposure to nanoparticles in food has been a growing concern to the nanotoxicology
community. Titanium dioxide food grade (E171) is a widely used food additive which can have
up to a 59% nano-fraction. France has banned the use of titanium dioxide nanoparticles as a
food additive. Oral E171 administration has been proved to exacerbate tumour formation in
murine models of colorectal cancer. However, cellular mechanisms related to toxicity have
not been fully investigated. The aim of this work was to investigate cellular mechanisms of
toxicity induced by an acute E171 exposure in colon epithelial cells and to analyze if those
alterations are sustained. Additionally, we evaluated the effect of conditioned media from
macrophages after exposure to E171 on colon epithelial cells simulating the influence of the
immune system in colon epithelial cells proliferation.
Results
E171 was internalized in colorectal cancer cells and located around the nucleus, but cell
viability was not affected. Acute E171 exposure (1 day) induced alterations in nucleic acids,
proteins, and lipids, tubulin depolymerization, increase in reactive oxygen species and cell
cycle arrest. All these effects were sustained in cells after 2 days post
exposure plus reduction in glutathione reductase activity. In addition, conditioned media
from exposed macrophages to E171 induced an increase in cell proliferation marker Ki67 in
colorectal cancer cells.
Conclusions
E171 is internalized around the nucleus inducing alterations in biomolecules, cell cycle arrest
and reactive oxygen species overproduction. The toxicity was sustained but cell viability was
not affected. In addition, colon epithelial cells showed higher proliferation with medium from
exposed macrophages.
Summary
We investigated the toxicity induced by an acute E171 exposure in colon epithelial cells and
if those alterations can be sustained. Acute E171 exposure induced biomolecules alterations,
cell cycle arrest, morphological changes and reactive oxygen species overproduction which
were sustained.
Keywords
titanium dioxide, sustained toxicity, colon
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Gracious Wiki and Blueprint
Zabeo A1, Basei G1, Carisi M1, Chiarot G1, Rosada F1, Pizzol L1, Jeliazkova N3, Traas L2,
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Introduction
The large number of nanoforms and the high complexity associated with their interactions in
biological and environmental systems have made their case by case safety assessment very
resource intensive. Therefore, to reduce testing costs and use of experimental animals, the
GRACIOUS project has proposed grouping hypotheses, which have been substantiated with
data generated by means of Integrated Approaches to Testing and Assessment (IATA). These
hypotheses and IATA form the GRACIOUS framework for grouping and read-across of
nanoforms.
Results
To enable the implementation of GRACIOUS framework into nanosafety assessment software
tools (e.g. SUNDS, GUIDEnano Tool, NanoInformatix Platform), ThinkWorks have developed
a “blueprint model” describing in detail both the structural aspects (class-diagrams) and
behavioural characteristics (algorithms, decision trees/tables, rules) of the framework. A
running instance of this blueprint model allows testing the framework by
partners/stakeholders and automatically extract a “blueprint design document” in an
iterative way.
In order to keep all involved experts updated and informed about the blueprint class diagram
entities (e.g. properties, endpoints), while at the same time help different experts to reach
agreement on selection and definition of such entities, Greendecision deployed the
GRACIOUS Wiki web application. The Wiki has been continuously updated with new proposed
entities. The final version will act as an online dictionary of GRACIOUS definitions. The
definitions agreed by the experts will be combined with definitions from other projects in a
joint effort to work towards harmonisation of nanosafety ontologies.
Conclusion
The blueprint not only acts as a reference guide for software implementation of the grouping
strategies and IATAs defined in the GRACIOUS project, but also enables interoperability with
GRACIOUS - eNanoMapper database, which has been developed by Ideaconsult. The
blueprint is currently being used by Greendecision and ThinkWorks for implementation of the
GRACIOUS grouping and read-across approaches in SUNDS and in the GUIDEnano Tool and
for annotating entries in the GRACIOUS database. The development of the blueprint has been
underpinned by the GRACIOUS Wiki, which allows to harmonize terms and entities, allowing
experts to agree on definitions. As such it has been recognised as a useful tool for
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harmonisation of ontologies (e.g. eNanoMapper ontology, Nano Particle Ontology) and will
be applied as part of the NanoSafety Cluster activities in this area.
Acknowledgements: GRACIOUS project has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant agreement No 760840.
Keywords
Grouping, Read-Across, RiskAssessment, Ontology, Database

216 | P a g e

Guidance on the use of the GRACIOUS Framework for the Grouping and Read-Across of
Nanoforms
Hunt N1
1Yordas Group, Lancaster, United Kingdom
Poster Session 5, April 22, 2021, 09:05 - 09:50
Introduction
Grouping is an established regulatory approach used to generate hazard information on
data-poor substances without needing to commission extensive animal testing by giving a
scientific justification for read-across to data-rich substances. The approach can be applied
to purposes beyond regulations to understand and manage potential risks in product
development or to increase scientific knowledge. Updates to the Annexes of REACH in 2018
have highlighted the utility of Grouping for nanoforms. The GRACIOUS Framework has
investigated approaches that achieve scientifically justified Grouping of nanoforms and
brought together tools to allow users of the Framework to achieve this goal with relative
ease.
Results
The guidance document for the GRACIOUS Framework will give users interested in Grouping
of nanoforms an overview of the best practices developed in the project, from clearly
defining the purpose of grouping, through designing comprehensive and efficient Integrated
Assessment and Testing Approaches (IATAs) to interpreting the results of the IATAs to reach
a scientifically justified conclusion on grouping and read-across. The guidance will show a
new user how the Framework has the flexibility to meet the different reasons for grouping
nanoforms. It uses case studies and examples by GRACIOUS partners to show how the
concepts of the Framework have been implemented in real situations and includes learning
points from the partners.
The output report from the GRACIOUS Framework will be essential to clearly document the
whole process for inclusion in regulatory dossiers or technological reports. The GRACIOUS
project has used stakeholder feedback to design a simple but informative output report to
support achieving the purposes of grouping.
Conclusions and Summary
Grouping of nanoforms will be essential for the efficient safe-by-design development of
nano-enabled products and to meet associated regulatory obligations. The GRACIOUS
Framework guidance document will give users a simple guide to exploiting all aspects of the
Framework and the output report will allow simple dissemination of any grouping exercise.
Keywords
Grouping, Read-across, Guidance, GRACIOUS, Regulations
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Metal Organic Framework materials – A new material class with limited human and
environmental risk assessment relevant data
sahlgren N1, Baun A2, Jensen K1
1The National Research Center For The Working Environment, Copenhagen, Denmark, 2
Technical University of Denmark, Kgs. Lyngby, Danmark
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Introduction
Metal Organic Framework (MOF) cover a group of highly porous 3D networkmaterials
constructed by organic - inorganic - or nanocluster ions. MOFs can be produced as nm- to
µm-size particles with tailored functionalities and are characteristic by having very high
specific surface areas due to their porous nature. Existing MOFs have highly diverse
applications and are currently commercially available. As part of modern risk governance
and responsible innovation, new materials should be thoroughly assessed to manage
potential risks before they are introduced onto the market. In this work, we present results
from a scientific literature review on MOFs to understand their compositional and structural
diversity, their synthesis methods, and current knowledge about their potential (eco)toxicological risks.
Results
Approximately 20 000 MOF structures are currently known. More than 100 MOFs are
commercially available and at least 15 types are available in relatively large quantities. Main
existing and near-future applications appear to be gas storage, catalysts, drug delivery,
environmental remediation and water treatment, food packaging, food preservatives and
chemical sensors. In contrast to 27 837 papers found in Web-of-Science search ("Metal
Organic Framework" NOT "in vitro" NOT "in vivo" NOT "ecotox*"), 107 papers were found
searching the toxicity terms ("Metal Organic Framework" AND "in vitro" AND tox* OR
"Metal Organic Framework" AND "in vivo" AND tox* OR "Metal Organic Framework" AND
"ecotox*"). Only about 20 of these scientific papers specifically study hazards of MOFs.
Results suggest that the specific surface areas in addition to the type of metal ion and
organic linker ions play a key role on their (eco)toxicity. No studies were found to report on
human exposure and environmental release assessments.
Conclusions
It is evident that the human and environmental safety of MOFs is heavily understudied and
further research is required to satisfy the modern risk innovation governance.
Keywords
MOF, toxicology, Risk, Assessment, innovation
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NanoExplore – A pilot study to demonstrate the feasibility of a harmonized approach for
monitoring exposure to engineered and incidental nanoparticles and their potential health
effects
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Introduction
The increased production and handling of nanomaterials have raised concerns for
unforeseen health effects among exposed workers. Overcoming uncertainties from inherent
limitations of in vitro/vivo models by implementing epidemiological investigations using
biomarkers in longitudinal cohorts is key to ensure workers safety. The NanoExplore project
aims to build an integrated approach for monitoring occupational exposure to engineered
and incidental nanoparticles and their health effects. The objectives of the pilot phase are to
assess such approach feasibility, and validate a set of exposure and effect biomarkers by
evaluating their associations with air concentrations.
The pilot study is an international prospective cohort, consisting of two 4-consecutive day
field campaigns separated by a 6-9-month interval. A total of 160 workers will be recruited
from Swiss, Spanish, Italian and German companies manufacturing and/or handling
nanomaterials (‘Exposed’ and ‘Internal control’ workers), and within Consortium institutions
(40 ‘External controls’). During both field campaigns, exposure and effect biomarkers will be
quantified in samples of exhaled breath condensate, exhaled air and urine, each collected
twice (pre-shift, post-shift). Ambient air will be monitored using a device developed by
RAMEM and able to characterize particles’ physio-chemical properties in real-time, i.e.
number and mass concentration levels, average particle size distribution and surface area.
Mixed model regression analyses will be conducted to model changes in biomarker levels
occurring over the four-day exposure, accounting for individual, environmental and
occupational factors – first on a within-campaign basis, to associate air concentrations and
biomarker levels at baseline, then to model changes in biomarker levels occurring between
campaigns.
Results, Conclusions, Summary
This integrated protocol has been accepted by referent ethical committees in Italy and
Switzerland, with respective field campaigns (‘External controls’) conducted in fall 2020.
Company recruitment is ongoing, with campaigns planned between spring and fall 2021.
This project is funded by EU LIFE (LIFE14 ENV/GR/000285).
Keywords
nanomaterials, biomonitoring, exposure, biomarkers, integrated-approach
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Nanoparticle Exposure Triggers Herpesvirus Reactivation via MAPK Signaling Pathway in
vitro and in vivo
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Introduction
Environmental particle inhalation and persistent herpesvirus infection are omnipresent and
associated with chronic lung disease. In a previous study, we showed that pulmonary
exposure to soot-like carbon nanoparticles (CNP) and engineered carbon nanotubes (CNT)
induced an increase of lytic viral proteins expression in the lung of latently murine
gammaherpesvirus-68 (MHV-68) infected mice, with similar patterns as acute infection
suggesting virus reactivation. Immunofluorescence staining revealed the lytic proteins
expression localized to CD11b+ macrophage like infiltrates. However, the underlying
mechanism related to NP-triggered reactivation is still unclear. The mitogen-activated protein
kinase (MAPK) signaling, a stress response activated by certain particle-cell interactions, has
been reported to contribute to herpesvirus infection. We therefore studied whether CNP/CNT
reactivate herpesvirus infection via MAPK signaling pathway.
Results
To identify the mechanism, we exposed persistently MHV-68 infected bone marrow derived
mouse macrophages (Ana-1/MHV-68) with CNP/CNT. MAPK signaling was studied by
immunoblotting, and Affymetrix Microarray analysis was included to monitor transcriptomic
changes. Here, we found that, ERK1/2, JNK and p38 MAPK are rapidly activated within the
first hour after CNP/CNT exposure in Ana-1/MHV-68 cells, followed by upregulation of viral
gene expression (24h) and increased viral titers (72h). To our surprise, no pro-inflammatory
transcriptional signature could be detected within 3 and 9 h. Pharmacological inhibition of
p38 activation abrogated CNP but not CNT triggered virus reactivation. We are currently
investigating the in vivo applicability, by pretreatment of MHV-68 latent-infected mice with
p38 inhibitor before CNP instillation. Immunohistochemistry staining, lung tissue clearing and
light-sheet microscopy are under investigation to quantify virus reactivation and elucidate the
impact of p38 inhibition.
Conclusions
Our findings suggest that CNP like particles activate latent herpesvirus via p38 MAPK signaling,
whereas nanotubes might use different pathways. Its pharmacological inhibition might
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therefore alleviate ambient particle exposure related disease exacerbations. This concept
however requires further confirmation in vivo.
Keywords
carbon nanoparticles, nanotubes, murine gammaherpesvirus-68
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Reactivation of latent virus infection – a link between the inflammatory response to air
pollutants and chronic lung disease in a mouse model
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Introduction
Particulate air pollution and gammaherpesviruses are omnipresent in human society and
almost every adult person is infected by at least one virus. These viruses persist lifelong in the
host in a latent state, and switch to a lytic and replicative phase upon reactivation. We have
previously shown, that pulmonary exposure to carbon nanoparticles can lead to the
reactivation of latent murine gammaherpesvirus 68 (MHV-68) in the lung of mice. Boosting
the production of lytic proteins and subsequent immunomodulation by repetitive particle
inhalation scenarios might contribute to the exacerbation of chronic lung diseases like COPD
and pulmonary fibrosis. Here we test whether a repeated particle exposure potentially
triggers additive pulmonary inflammatory effects in the MHV-68 virus reactivation mouse
model and thereby might contribute to exacerbations of chronic lung diseases.
Results
Repeated intratracheal dosing of MHV-68 infected mice with 50µg soot-like carbon
nanoparticles (CNP) or engineered carbon nanotubes (DWCNT), at a time interval of 55 days,
caused increased and prolonged bronchoalveolar lavage (BAL) lymphocyte numbers in MHV68 infected and particle treated mice, not observed in animals infected or nanoparticle
treated only. The T-cell dominated lung lymphocyte infiltration was accompanied by
increased and prolonged levels of pulmonary Tnf and Spp1 gene expression as well as BAL
protein and IgM concentrations, indicating severe alveolar barrier damage. We found Saa3
increased in the lungs as well as in the serum which is associated with systemic inflammation.
Additional to the lymphocyte infiltration we observed an amplified neutrophil recruitment to
the lungs after the repeated particle exposure in MHV-68 infected mice, accompanied by a
significant increase of CXCL2 and CXCL5 release into the BAL fluid.
Conclusions
These observations suggest that repeated nanoparticle exposure of latent gammaherpesvirus
infected lungs leads to prolonged inflammatory response with alveolar-capillary barrier
disruption which likely contributes to exacerbation of chronic lung diseases.
Keywords
particle-triggered virus reactivation, repeated exposure
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Single mechanism of chronic inflammation shared among brain and lungs for inhaled metaloxides
Sebastijanovic A1
1Jozef Stefan Institute, Ljubljana, Slovenia
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Introduction
Chronic diseases such as lung cancer and brain damage with accelerated cognitive decline
develop from an underlying chronic inflammation and are known to be associated with air
pollution and the inhalation of particulate matter and nanoparticles. We have previously
shown that the causal relationship between the chronic inflammation and acute exposure of
lung cells to metal-oxide nanoparticles stems from the interplay of the discovered
nanomaterial quarantining and nanomaterial cycling between different lung cell types,
driven by the pro-inflammatory secretion profile of immune cells.
Results
After inhalation, particulate matter covers the olfactory epithelial surface, which is in
contact with the hippocampal brain region over the olfactory nerves. We demonstrate that
TiO2, our model metal-oxide nanomaterial, is transported through a network of neurons
over large distances, lending us an insight into how it reaches the brain from olfactory
epithelia. After exposure, TiO2 either disrupts the neural network by severing the axons or
gets taken up by cells where its interaction with cell organelles results in formation of the
lipid, protein, and nucleic acid corona. Actin actively transports invading nanoparticles to
the spatially narrow section of the cell surface, where components of the corona bind them
together into a compact mass, thus forming the nanomaterial quarantine. However,
microglia endeavour to ingest and destroy invading particles results in quarantine
degradation, repeated exposure of bare nanoparticle surface, and their death. Particles get
released and the cycle starts over.
Conclusions
Therefore, we hypothesize that onset of chronic inflammation after exposure to metaloxides in the brain is caused by the same experimentally measurable factors as in the lungs.
We suggest that particulate that meets criteria of 1. transportability through neural
network, 2. structural network impairment and, 3. chronic inflammation triggering should
be perceived as potential instigator or aggravator of dementia and related
neurodegenerative diseases.

Summary

223 | P a g e

Keywords
chronic inflammation, nanomaterial, mechanism, neurodegeneration

224 | P a g e

Solubility of materials used in biomedicine – a case study for different media
Wolf C1, Hülser T1, Artous S2,3, Stahlmecke B1
1Institut für Energie und Umwelttechnik - IUTA e.V., 47229 Duisburg, Germany, 2Université
Grenoble Alpes, F-38000 Grenoble, France, 3Commissariat à l’Energie Atomique et aux
Energies Alternatives - CEA, F-38054 Grenoble, France
Poster Session 5, April 22, 2021, 09:05 - 09:50
Introduction
Using nanomaterials in biological and medical applications is an emerging field that has
shown a great potential for the development of novel diagnostics and imaging and
therapeutic agents. As their use increases, so do the concerns about the safety of these
materials. The ion release from nanomaterials is discussed as one important mode of action,
which can lead to desired but also to undesired effects, depending on the application. Due
to this, it is very important to analyse if nanomaterials, which are used for human or
environmental applications, might release toxic ions. Therefore, the solubility of different
nanomaterials was analysed in different media.
Results
The solubility of dental materials OPAL and A4B as well as for a Titanium Hydroxylapatite
powder was tested in DI water (pH 3), artificial rainwater, artificial saliva and gastric fluid.
Besides determining the solubility also solid residues after testing were analysed with SEM
to identify possible transformation processes influencing the applicability of the materials.
For Al as tracer element no solubility was observed from OPAL or A4B in the flow system
with water and synthetic saliva. The SEM images revealed only minor morphological
changes of the powders after dissolution experiments in water. In general, a higher
solubility in gastric fluid is observed compared with saliva and the environmental media.
Conclusions
The investigated materials showed different solubility behaviour. This can not be explained
by the pH of the media alone, as e.g. no solubility in water with pH 3 was observed for the
dental materials. It is thus necessary to study solubility in media which can be estimated to
be an endpoint of the applied materials.
Acknowledgement: This work received funding from the European Union’s Horizon 2020
Research and Innovation Programme under Grant Agreement No 760928 (BIORIMA BIOmaterial RIsk MAnagement)
Keywords
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Subtle differences between nanoforms of the same substance induce (dis)similarities of
their dissolution and transformation behavior that suggest specific groupings for read-across
of inhalation hazard assessment
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Introduction Different nanoforms (NF) of the same substance each need to be registered
under REACH, but similarities in dissolution -and additional properties- justify read-across
within a group of NFs, thereby reducing the need to perform animal studies.
Results Here we focused on the endpoint of inhalation toxicity and explore how differences
in physical parameters of 17 NFs of silica, organic and inorganic pigments impact the
dissolution rates, half-times, and transformation under both pH7.4 lung lining conditions and
pH4.5 lysosomal conditions. We benchmarked observations against well-known TiO2, BaSO4
and ZnO nanomaterials, representing very slow, partial and quick dissolution respectively.
Structural transformations were quantified by more than 20 parameters of automated TEM
evaluation before and after dissolution. Transformation was observed for dissolution rates on
the order of 0.1 to 10 ng/cm²/h, but did not provide additional evidence of dissimilarities
between NFs. Dissolution half-times spanned nearly five orders of magnitude, mostly dictated
by the substance and simulant fluid, but modulated up to ten-fold by the subtle differences
between NFs.
Conclusions Physiological time scales and benchmark materials help to frame the biologically
relevant range, proposed as 1h to 1y. NFs of Ag, SiO2, BaSO4 were in this range. We proposed
numerical rules of pairwise similarity within a group, of which the worst case NF would be
further assessed by in vivo inhalation studies. These rules divided the colloidal silica NFs into
two separate candidate groups, one with Al-doping, one without. Shape or silane surface
treatment were less important.
Summary Testing and assessment of dissolution and transformation in two pulmonary
simulant fluids suggest that half-times or rates can be evaluated by pairwise similarity
between NFs to support grouping. The dissolution halftimes of many organic and inorganic
pigment NFs were above the biologically relevant range, such that dissolution behavior is not
an obstacle for their groupings.
Keywords
Dissolution, transformation, similarity, silica, surface
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The development of a robust, reliable and reproducible SOP for the assessment of reactive
oxygen species produced by nanomaterials, within The EU Project GRACIOUS
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Introduction
New strategies, such as grouping and read-across, are being developed for nanomaterials
(NMs) which will make hazard testing and risk assessment more efficient. Acellular detection
of reactive oxygen species (ROS) may be useful for first tier grouping assessment by providing
information on the similarity of NM reactivity, and may be used to inform during safer-bydesign decision processes. To improve reliability and reproducibility, and to minimize
uncertainty, a standard operating procedure (SOP) has been developed for the detection of
ROS, using the 2´,7´-dichlorodihydrofluorescein diacetate (DCFH2) assay, and undergone an
inter- and intra-laboratory comparison.
The results were compared over time and NM concentration, to a NM positive control (NPCB),
a chemical positive control (SIN-1), and a standard curve of fluorescein fluorescence.
Statistical analysis was performed using linear regression, variance weighted least squares
regression, and dose-response curve evaluation.
Results/Conclusions
A distinction between NM that produce high levels of ROS (Mn2O3, CuO, NPCB) and low, or
no ROS (ZnO, BaSO4), could be made. There was not sufficient sensitivity to distinguish
differences between low ROS producing NMs (ZnO) and those producing no ROS (BaSO4).
Inter-laboratory comparison demonstrated that arbitrary fluorescence units show high levels
of partner variability, normalization improved variability. When observing curve alignment
through methods of normalisation, Mn2O3 demonstrated the best reproducibility across
contributed groups, with CuO next, and NPCB with the least reproducibility. While evaluation
of EC50 values indicate that NPCB was most efficiently reproduced across groups, followed
by CuO, and Mn2O3 the least. A second round of testing with further assay optimization
provided improved intra-laboratory reproduction but not interlaboratory reproduction.
Summary
An SOP for the DCFH assay has been used to demonstrate a robust intra-laboratory
reproduction of ROS measurements from numerous NMs, while efficient reproduction across
different laboratories was particle-type-specific.
Acknowledgement – GRACIOUS is funded by the European Commission, Grant Agreement
760840
Keywords
reactivity, safe-by-design, reactive oxygen species
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The removal of NPs after accident How to avoid skin penetration?
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Nanoparticles (NPs) are used now for centuries and more and more they find their way into
applications and products on the market. As the usage of nanoparticles is increasing, also
accidental release of NPs is now an important issue for a safe work environment. We found
that after a skin contact with quantum dot particles, these NPs are barely to remove by
applying soap or other typical decontamination agents. From literature we know that some
of the NPs can penetrate the skin and are then potentially be harmful for human health.[1]
In this contribution, we present a gel that allows a complete removal of NPs from the skin.
This marks a first step towards safe handling of nanomaterials, especially since this point is
not yet covered by up-to-date occupational safety guidelines. The presented gel displays
therefore an important step for the sustainable and safe use of nanomaterials.
[1] Nafisi, S.; Maibach, H. I., Chapter 3 - Skin penetration of nanoparticles. In Emerging
Nanotechnologies in Immunology, Shegokar, R.; Souto, E. B., Eds. Elsevier: Boston, 2018; pp
47-88.
Key messages:
- What are the penetration pathways of NPs through the skin?
1. How can NPs be safely removed from the skin?
2. What are current challenges of tech-transfer startup during corona time?

Figure 1: The skin decontamination performance of DermaPurge Nano in comparison with
water and soap. The images show pig skin after the decontamination experiments of quantum
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dots under UV light. The fluorescence intensity was used to calculate the decontamination
efficiency.
Acknowledgement: The authors thank Prof. Andreas Fery for continuous support.
Keywords
Skin penetration, occupational safety, management
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Titania (nano)surfaces: the role of topology in redox behaviour from ab initio calculations
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Toxicity mechanisms involve complex chemical reaction occurring at the very surface of
nanoparticles. As an example, oxidative stress is invoked as a major source of toxicity, and
is related to the ability of the particle to exchange oxygen species with its environment. In
TiO2 nanosized materials, many factors may affect the redox behavior and therefore the
toxicity response. In this work we investigate the role of the molecular surface structure on
the systems reducibility, by means of quantum chemical tools (periodic density functional
theory). We consider a set of representative structures including rutile and anatase welldefined slabs, together with amorphous titania nanoclusters below 2nm. The ability of the
model materials to be reduced is characterized by considering the following two processes:
interaction with H2, and oxygen removal. Advanced descriptors related to the energetics
and electronic structure will be used to i) quantify the ability of the particles to release
oxygen or to capture hydrogen species ii) analyze the role of the surface topology in the
mechanisms investigated.

Understanding the role of Rutile TiO2 Surface Orientation on Molecular Hydrogen
Activation B. Wei, F. Tielens, M. Calatayud* Nanomaterials 9 (2019) 1199
Oxygen Vacancies in Oxide Nanoclusters: When Silica Is More Reducible Than Titania
A. Cuko, S. Bromley, M. Calatayud Frontiers in Chemistry 7 (2019) 37
Scaling reducibility of metal oxides Z. Helali, A. Jedidi, O. A. Syzgantseva, M.
Calatayud*, C. Minot Theoretical Chemistry Accounts 136 (2017) 100
Keywords
TiO2, surface, nano, DFT, reducibility
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Toxicological profiling of 3 different multi-walled carbon nanotubes shows divergent
cellular impacts on macrophages and neutrophils
Keshavan S1, Fadeel B1
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Introduction: Due to their fiber-like dimensions, multi-walled carbon nanotubes (MWCNTs)
have raised concerns regarding their adverse effects on human health. Previous studies
have emphasized the interaction between MWCNTs and macrophages but not the
neutrophils, which are key players of the inflammatory response (Keshavan et al. Nano-bio
interactions: a neutrophil-centric view. Cell Death Dis. 2019).
Results: The study was focused on cytotoxic effect of 3 different MWCNTs with different
morphologies procured from the JRC nanomaterial repository (NM-400, NM- 401, NM-402)
using macrophage-differentiated THP-1 cells and neutrophil- differentiated HL-60 cells, as
well as primary human macrophages and neutrophils. Our results showed that long and
fiber-like NM-401 induced cathepsin- and caspase- dependent cell death in macrophages
along with inflammasome activation. On the other hand, all MWCNTs (i.e., both long and
tangled) were found to be non-cytotoxic toward neutrophils. Cellular uptake was noted in
both cell models, as evidenced by TEM.
Conclusion: MWCNTs were shown to induce pyroptosis in macrophages with signs of
lysosomal damage and NLRP3 inflammasome activation. Importantly, the THP-1 cell line
faithfully recapitulated the responses seen in primary macrophages. Neutrophils, on the
other hand, appeared resistant to MWCNT-induced cell killing. These studies show that
different cells of the innate immune system show divergent responses to CNTs and confirm
the role of lysosomes for cell death (in macrophages). Acknowledgements: Supported by
the European Commission under grant agreement 760928 (BIORIMA). The test materials
were obtained from the Joint Research Centre (JRC).
Keywords
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USING THE DRY POWDER VITROCELL SYSTEM TO EXPOSE (NANO)PARTICLES TO
RESPIRATORY EPITHELIAL MODELS
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We have used the Vitrocell™ dry powder exposure system to expose human airway cell
cultures (Calu-3 cell line) to different nanoparticles to assess their hazard. Calu-3 cells were
cultured on inserts until stable TEER values were obtained (7 days, 700 – 1000 ohms x cm2)
under submerged conditions and for a further 7 days without culture medium on the apical
side to create air liquid interface (ALI) conditions. Prior to cell exposure, the exposure system
was assembled to accommodate a microbalance to monitor the deposited particle mass. The
test material, i.e. silica quarz (DQ12), zinc oxide (ZnO), cerium dioxide (CeO2) and titanium
dioxide (TiO2) nanoparticles, was loaded into the inhaler port, and the deposition (over a 25
minute period) commenced using predetermined parameters. Calu-3 cells received one or
two exposures of each particle type, after which they were incubated for a further 24 hours,
still under ALI conditions. The supernatant in the basal chamber was sampled and the
cytotoxicity and the release of Interleukin (IL-8) determined by LDH assay and ELISA. Results
indicated that the data were very variable and ZnO and CeO2 treatments resulted in
decreased LDH release compared with ambient air exposure. There appeared to be a further
decrease in LDH release in cells that received two exposures. Only TiO2 and DQ12 treatments
produced LDH release which was higher than the air control. A similar effect was
demonstrated with IL-8 production. We used an adenylate kinase assay to investigate
whether the decreased toxicity of some of the particle treatments was due to particle
interference. These investigations suggested that some of the particle types did interfere in
the LDH assay and we are currently optimizing methodological manipulations to account for
the high toxicity background in untreated cells.

Keywords
dry powder exposure, calu-3 cells
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A battery of tests for nanobiomaterial high throughput cyto- and genotoxicity testing
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Introduction
During the past years, the development of high throughput assays for nanomaterial (NM)
toxicity testing has received substantial research effort. Cytotoxicity, oxidative stress, DNA
damage and inflammation are the most studied toxicological endpoints, as well as the most
reported mechanisms of toxic action of NMs. In the framework of the BIORIMA project, we
have tested the applicability of a set of toxicity assays, previously developed for NMs, to the
assessment of nanobiomaterials (NBMs) toxicity.
Results
A battery of tests composed of one cytotoxicity assay, two genotoxicity assays based on
high throughput screening/high content analysis and one assay quantifying intracellular
reactive oxygen species was used to screen the toxicity of a set of NBMs from the BIORIMA
project, composed of metal, metal oxide, organic, mineral and carbon-based NBMs. These
assays were optimized so that their throughput was increased and to take into
consideration the potential interference of NBMs. Moreover, a reporter cell line was
developed and tested as a faster alternative to the gamma-H2AX genotoxicity assay. Among
the tested NBMs, only those containing Fe induced significant toxic response in HCT116
cells, which was oxidative stress, and some Ag NPs caused a significant decrease of cell
viability.
Conclusions
This battery of assays made possible efficient assessment of NBM toxicity in a timely and
cost-effective manner. As for NMs, some NBMs showed interference with some of these
assays. The newly developed genotoxicity assay based on a reporter cell line proved to be
an interesting tool for future NM and NBM high throughput genotoxicity testing.
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53BP1 foci as a marker ofgenotoxicity
Keywords
HCA, cytotoxicity, genotoxicity, intestinal cells
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A similarity testing computational workflow for grouping nanoforms
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Introduction: The use of non-testing strategies in the hazard assessment of nanoforms (NF)
is deemed essential to perform their safety assessment in due time and at lower costs. The
identification of physicochemical (PC) properties affecting the hazard potential of NFs is
crucial, as it could enable to predict the impacts from similar NFs and outcomes of similar in
vitro assays to be predicted, reducing the need for experimental testing. Towards this end,
in silico computational approaches could be powerful tools for grouping similar NFs
depending on the properties and assays selected to describe a certain hazard concern.
Results: A sequential computational workflow is presented to filter available data matrices,
estimate similarities based on the data and justify the grouping of the identified endpoints
whilst retaining some flexibility on the identification of the NF groups with similar properties.
The workflow ensures the seamless integration of data from the GRACIOUS database and in
that way address the issue of data dimensionality. Case studies are discussed where
nanospecific properties taken from well-defined grouping hypotheses are analysed to assess
whether data could support and validate them. The workflow can be tailored depending on
the specificity and complexity of the grouping hypothesis under consideration by including
or excluding certain steps of the procedure.
Conclusion: Implemented in a sequential step-wise manner, the presented workflow
carefully addresses all steps in the computational procedure, from standardization of the
data matrices to estimation of groups of similar NFs, as well as suggesting probabilistic
uncertainty for any new NF awaiting to be grouped as similar to already formed NF groups.
Our findings suggest that similarity assessment could be used to verify and strengthen
grouping hypotheses as well as the link between NF properties and the biological effect
considered.
Acknowledgement – GRACIOUS is funded by the European Commission, Grant Agreement
760840.
Keywords
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Since January 2020, Commission Regulation (EU)2018/1881 REACH registration requirements
regarding nanomaterials (NM) is in force. This requires characterization of nanoforms,
performance of safety assessment including qualification of adaptation of test methods to
nanoforms. For chemicals, a battery of three in vitro methods to test for skin sensitization
potential was validated and approved by OECD (DPRA, LuSens, h-CLAT; OECD TG 442C, D, E,
respectively). In the BMBF-funded project Aerosafe (031L0128C), the applicability of these
methods to NM was evaluated.
Nine different NM (i.a. CeO2, BaSO4) were tested in three assays to predict skin sensitization
based on the adverse outcome pathway (i) protein interaction (DPRA), (ii) activation of
keratinocytes (LuSens) and (iii) activation of dendritic cells (h-CLAT). The assay protocols were
adapted to NM:
- Homogeneous and reproducible NM test suspension were prepared by cuphorn
sonication.
i. MTT cytotoxicity testing in h-CLAT and LuSens assays were complemented by ATPcytotoxicity assays if interference of the NM with the MTT assay were recognized.
ii. “Density gradient centrifugation” was introduced to the h-CLAT assay before using
flow cytometry which is sensitive to NM particles.
iii. Since NM are insoluble, the results with NM are regarded as “inconclusive” rather than
“negative” based on the current prediction model of the DPRA. Obviously, the
prediction model of the DPRA needs to be amended for insoluble test items and the
relevance of the DPRA for supposed skin sensitization molecular initiating events of
NM needs to be reconsidered.
The well-established assays on skin sensitization are applicable to NM with adaptations of the
test item preparation, assay protocols and prediction models. The relevance of these test for
the prediction of NM skin sensitization potential including the AOP concept needs to be
reviewed once NM with such a in vivo potential are identified.
Keywords
DPRA, h-CLAT, LuSens, skin sensitization,
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Predicting In Vitro Neurotoxicity Induced by Nanoparticles Using Machine Learning
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Introduction
The practice of non-testing approaches in nanoparticles hazard assessment is necessary to
identify and classify potential risks in a cost effective and timely manner. Machine learning
techniques have been applied in the field of nanotoxicology with encouraging results.
Results
A neurotoxicity classification model for diverse nanoparticles is presented in this study. A
data set created from multiple literature sources consisting of nanoparticles
physicochemical properties, exposure conditions and in vitro characteristics is compiled to
predict cell viability. Pre-processing techniques were applied such as normalization methods
and two supervised instance methods, a synthetic minority over-sampling technique to
address biased predictions and production of subsamples via bootstrapping. The
classification model was developed using random forest and goodness-of-fit with additional
robustness and predictability metrics were used to evaluate the performance.
Conclusions
Information gain analysis identified the exposure dose and duration, toxicological assay, cell
type, and zeta potential as the five most important attributes to predict neurotoxicity in
vitro.
Summary
This is the first tissue-specific machine learning tool for neurotoxicity prediction caused by
nanoparticles in in vitro systems. The model performs better than non-tissue specific
models.
Keywords
neurotoxicity, machine learning; nanotoxicology;
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Ag Seleci D1, Okpowe O1, Elam D1, Werle K1, Seidel K1, Bi X2, Westerhoff P2, Innes E3, Boyles
M3, Miller M4, Hargan A5, Murphy F5, Stone V5, Tisiliki G6, Guisti A7, Haase A7, Wohlleben W1
1Advanced Materials Research, Dept. of Material Physics and Analytics and Dept. of
Experimental Toxicology and Ecology, BASF SE, Ludwigshafen Am Rhein, Germany, 2School of
Sustainable Engineering and the Built Environment, Arizona State University, Tempe, USA,
3Institute of Occupational Medicine, Edinburgh, United Kingdom, 4BHF Centre for
Cardiovascular Science, University of Edinburgh, Edinburgh, United Kingdom , 5NanoSafety
Group, Heriot-Watt University, Edinburgh, United Kingdom , 6Athena Research Center,
Athens, Greece, 7German Federal Institute for Risk Assessment, Department of Chemical and
Product Safety, Berlin, Germany
Parallel Session 5.1 - Hazard Characterisation of nanomaterials and advanced materials &
Alternative methods for nanomaterial hazard testing, April 22, 2021, 10:50 - 12:00
Introduction: Many substances are produced as an array of nanoforms (NFs) and provided as
commercially available NFs, differing in e.g. size, crystallinity, shape or surface chemistry.
These different physicochemical characteristics may influence toxicological profiles of NFs,
which would all needed to be tested, thus influencing the cost, duration and effort of testing.
A scientifically based grouping approach of NFs would help to reduce the amount of required
experimental testing for risk assessment. Among others, the ECHA guidance recommends
justifying a grouping of NFs via similarity of their surface reactivity. Here, four reactivity tests
were used for detection of reactive oxygen species (ROS) generated by NFs and results were
evaluated in a computational approach which provided information on the similarity of NFs.
Results: Reactivity of benchmark materials (CuO, Mn2O3, BaSO4, CeO2 and ZnO) plus three
case studies (iron oxides, organic pigments and silica NFs) were tested via Ferric Reduction
Ability of Serum (FRAS), Electron Paramagnetic Resonance (EPR), Dichlorodihydrofluorescin
diacetate (DCFH) and in vitro assays, assessing protein carbonylation in NRK-52E cells and
activation of Nrf2-pathway in HEK293 ARE-luciferase reporter cells. All assays showed the
same reactivity ranking for high to low reactivity within the benchmark materials, CuO and
Mn2O3 indicated high reactivity, while only some assays were able to resolve a difference
between the non-reactive BaSO4 and ROS generated by ZnO.
In case studies, the similarity level of NFs in each reactivity assay was evaluated via Bayes
Factor calculations and the most appropriate reactivity method for each case study substance
was determined based on both the robustness against interference and the consistency of
similarity when compared with higher-tier (in vivo) results.
Conclusions: This study demonstrates that a similarity assessment of NFs can be compiled via
use of well-defined reactivity assays. These similarity assessments can serve as decision
criterion in an integrated approach to testing and assessment (IATA) and/or as one criterion
of many on a data matrix of NFs and control materials.
Keywords
Similarity, risk assessment, reactivity assays
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Introduction
Unravelling the mode-of-action (MoA) for nanomaterials (NMs) is important to get in-depths
insights into the changes NMs cause to a living organism or cells. At the same time, it is getting
increasingly important for hazard and risk assessments. Such information can substantiate
grouping and read-across, contribute to the development of Adverse Outcome Pathways
(AOPs) and help to develop alternative test methods.
Results
The overall aim of this work is to unravel the cellular MoA of NMs by using proteomics data.
Omics methods in general are well suited to investigate MoA. Proteomics, in particular, is
useful as it is much closer to the true phenotype. For our study, we prioritized the lung as a
main organ of interest, since NM inhalation is considered the most critical uptake pathway.
Unfortunately, there are only a very few high quality proteomics datasets for NMs. Thus, our
approach aimed to first construct a global “proteomics universe” of the lungs by a metaanalysis of all publicly datasets, which will then be used to map NMs alterations within. So
far, we have identified more than 9.000 data sets in the PRIDE Archive, all dealing with
changes of the lung proteome, in vivo or in vitro, due to different chemical treatments,
diseases, infections, or others. The datasets are processed following a standardized and
systematic workflow. In parallel, the sparse proteomics datasets on NMs are analysed using
the same workflow.
Conclusions
The major contribution of this approach is that we map the alterations induced by NMs into
a larger proteome universe, which now allows us to assign a series of descriptors that enable
a comparison among very different data sets. This results in a much higher degree of precision
even though only a few NM proteomics data sets currently exist.
Summary
This work is part of EU NanoInformaTIX (grant agreement N° 814426).
Keywords
mode-of-action, proteomics, adverse outcome pathways
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Introduction
Adverse Outcome Pathways (AOPs) are conceptual frameworks that link key biological
events (KEs) resulting from chemical or material exposure to adverse health or
environmental impacts (Adverse Outcomes; AOs) important for evaluating safety. To build
on the advances in AOP development and investigate the use of AOPs for nanomaterial
(NM) safety assessments and decision making, an Organisation for Economic Cooperation
and Development (OECD) Working Party on Manufactured Nanomaterials (WPMN) project
developed a methodology to use existing nanotoxicology literature to promote NM-relevant
AOP development. Two expert workshops were convened to identify technical and
translational issues toward development, application and acceptance of the AOP framework
and related testing tools for use in NM decision making.
Results and Conclusions
This talk will give an overview of the outcomes from this OECD WPMN project which
includes (i) a systematic process for mining the nanotoxicity literature to identify potential
KEs relevant for NMs; (ii) a strategy to prioritize identified potential KEs for development;
and (iii) a methodology for developing prioritized KEs from evidence gathered from the
literature to promote NM-relevant AOP development. Expert input from workshops shaped
a Community Statement that identifies issues for development, application and acceptance
of the AOP framework for use in NM decision making and outlines key recommendations to
address them.
Summary
The demonstrated methodology provides an approach to advance NM-relevant AOP
development from existing nanotoxicology literature, without the extensive costs of
additional testing. This talk will outline key recommendations from the Community
Statement that forms a roadmap of short-, medium- and long-term actions to address key
issues in developing and applying the AOP framework for use in NM decision making.
Keywords
AOP, Risk Assessment, Nanomaterial, ATS
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Introduction
Research on nanosafety induced a flood of studies which resulted in more than 40.000
publications during the last two decades. Although, the resulting data are in many cases not
reliable for toxicological assessment the sheer number of results on the various investigated
biological endpoints delivers a good impression about the possible hazard at specific
concentration or dose levels for a huge variety of nanomaterials. Nevertheless, the amount
of data is too large to be handled by regulators or industrial manufacturers to judge the
possible hazard of a certain nanomaterial.
Results
Thus, it is important to process such data and establish a curated collection of the existing
studies. Additionally, it is necessary to evaluate the studies for the appropriate usefulness
for toxicological purposes via a quality criteria catalogue. The existence of such a data pool
would greatly accelerate the hazard assessment of new products, the connected
registration process, and the marketing of such materials. Moreover, the overall safety of
such products will be improved as the evaluation based on a multitude of different datasets
will strengthen the statistical significance of such meta-analyses.
Conclusions
Such a database will be established by a Swiss project consortium with the support from the
German VCI. The CoCoN-Database (Collection of Controlled Nanosafety Data – Database)
will offer curated data on the toxicity of nanomaterials and advanced materials with
relationship to the pathways of toxicity. Investigated endpoints will be presented in this
database with the NOAEL/NOAEC determined and described within the studies. CoCoNDatabase will provide the possibility to combine the most important parameter [Material
Property]-[Exposure Pathway]-[Biological Effect] so that a statement e.g. for different sizes
of particles or fibre lengths will be possible. The approach uses techniques from data mining
and machine learning to help draw conclusions and make predictions about the safety of
materials
Keywords
Nanosafety, CoCoN Database, data mining
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Introduction: The in vitro cytokinesis-blocked micronucleus (CBMN) assay has been used
extensively to measure the genotoxicity of numerous test materials. However, issues arise
when testing engineered nanomaterials (ENMs) as these behave differently to chemicals. This
work aims to evaluate the approaches needed to standardise the CBMN assay using a set of
reference ENMs including, gold and silicon dioxide nanoparticles (AuNPs 5nm and 30nm, SiO2
22nm). Additionally, <200nm tungsten carbide-cobalt (WC/Co) (8%wt Co content) was
evaluated as a possible particle positive control. Each ENM (2-100µg/ml) was exposed to
human lymphoblast (TK6), Chinese hamster (V79) and human liver cancer (HepG2) cell lines
for 1 cell-cycle to determine their cytotoxic and genotoxic potential; mitomycin-C (MMC) was
used as a positive chemical control.
Results: SiO2 induced a cytotoxic response (p<0.05) at 100µg/ml where a 23% reduction in
viability was observed with TK6 cells only. Significant (p<0.05) micronuclei induction was
observed in TK6 cells in a dose-dependent manner from 15µg/ml (5nm AuNPs), 10µg/ml
(30nm AuNPs) and 15µg/ml (SiO2). No genotoxicity was seen in V79 cells with any of the
tested ENMs. Significant (p<0.05) micronuclei induction was seen in HepG2 cells following
5nm AuNP and SiO2 exposures at only 5µg/ml and 20µg/ml respectively. WC/Co at 20 &
100µg/ml elicited a 5-fold increase in TK6 cell micronuclei frequency, in the absence of
cytotoxicity.
Summary: This data demonstrates that TK6 cells showed the greatest sensitivity to each ENM
type. Whilst WC/Co appears to be a promising particle positive control, this is only true for
TK6 cells and not for V79 nor HepG2 cells. A large ring trial utilising the standardised protocol
developed through this study will next be undertaken, to facilitate the generation of a new
OECD Guidance Document supporting OECD TG486 for use of the in vitro micronucleus assay
with ENM.
Keywords
nanomaterials, micronucleus, nanosafety, gold, silica
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Introduction
Nanoparticles are used in many fields and in everyday products. Silica nanoparticles are
frequently used nanoparticles; for example, in foods and cosmetics. However, it has been
pointed out that they might have unexpected biological effects, and evaluation of their effects
is underway. From this viewpoint, we previously found that silica nanoparticles could be
biodistributed to the mouse testis depending on their physical properties. The result suggest
that silica nanoparticles cause changes in the testicular environment of male parent, affecting
testicular and sperm function. Thus, there is need to evaluate reproductive toxicity to male.
Here, we attempted to evaluate the effects of silica nanoparticles on blood-testis barrier
(BTB), which plays an important role in spermatogenesis.
Results
To evaluate the effect of silica nanoparticles on testicular tissue, BALB/c mice were orally
administered with silica nanoparticles every day for 28 days, and at 24 h after last treatment
tissue samples were collected. Western blotting analysis revealed that expression of BTBrelated proteins such as claudin-3 and claudin-11 in testis homogenate was increased.
Moreover, the effect of silica nanoparticles on spermatocyte-to-sperm differentiation and
maturation was evaluated. In the silica nanoparticles-treated group, the spermatocyte
marker in the testis was significantly increased and the sperm count in the epididymis was
tend to decreasing compared to control group.
Conclusion
We conclude that silica nanoparticles not only promotes the formation of BTB but also
suppresses the differentiation of spermatocytes into spermatocytes. Importantly, elucidation
of their induction mechanism would help to accumulate basic information that contributes to
the safer forms of nanoparticles.
Keywords
blood-testis barrier, silica nanoparticles, testis
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Introduction
Air pollution poses severe risks for maternal and fetal health during and beyond pregnancy.
In particular, prenatal exposure to ambient particulate matter has been increasingly linked
to pregnancy complications and impaired offspring development. The mechanisms
underlying the observed developmental toxicity are largely unknown but could involve
direct effects from translocated particles and indirect effects of particles on placental tissue
functions. Here, we aim to elucidate the uptake and translocation of diesel exhaust particles
(DEPs) in human perfused placentae using label-free detection by femtosecond pulsed laser
illumination. Moreover, we investigate the effect of DEPs on placental extracellular vesicle
(EV) release.
Results
We did not detect placental transfer of DEPs beyond background concentrations within 6 h
of perfusion at an exposure relevant dose. However, quantitative uptake and co-localization
studies in perfused tissue sections revealed a considerable accumulation of DEPs in the
syncytiotrophoblast layer (4.4 ± 1.5 %). Few particles were also observed in placental
macrophages (0.6 ± 0.3%), fetal endothelial cells (0.8 ± 0.5%) and inside fetal microvessels.
Conclusions
Our results show that DEPs can cross the human placenta but only in limited amounts. In
contrast, DEPs accumulate in the placental tissue, predominantly in the syncytiotrophoblast
layer, which performs many essential functions to support pregnancy. This highlights that
direct effects from translocated particles and indirect effects of DEPs on placental tissue
function and signaling should be a priority in future developmental toxicity studies.
Therefore, we are currently investigating if DEPs may interfere with the release and
characteristics of placenta-derived EVs, which are central mediators of cellular
communication and have been previously associated with adverse pregnancy conditions
(e.g., in preeclampsia). Overall, our new insights are highly relevant to assess the risk for
pregnant women and contribute to a better understanding of the developmental toxicity of
DEPs.
Keywords
diesel exhaust particles, placenta perfusion
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Designing new nano-materials (NMs), semi-finished or nano-enabled products (NEPs) that
have to compete in the market implies compliance with different performance requirements
such as: improved functionality- , cost effectiveness- , environmental sustainability- and
safety- , standards and regulations. This is a scientific challenge requiring the involvement of
different expertise. The Safe-by-Design (SbD) is addressed within ASINA-project by exploiting
methodologies and tools that allow simultaneously complying with such design performance
requirements and constraints considering the whole NEPs life cycle for the addressed project
value chains. The ASINA- SbD approach is based on a modular framework mapping NEPs life
cycle with four modules: 1)Synthesis and Purification, 2)Processing and Incorporation, 3)Use
Phase, 4)End of Life/Recycling, according to the linear or circular models considered (Fig.1).
For each module-j a m-dimensional decision space and the related n-dimensional objective
space are defined (Fig.2), with coordinates xi,j and j, j, j, j,… , respectively. The NMs and
NEPs performances depend on the set of decision variables Dj= xi,j , identifying each designcase, through the performance vector functions j= j(xi,j), j(xi,j), j(xi,j), j(xi,j),… . With the
ASINA-tool by applying recursive algorithms based on Multicriteria Decision Modeling it is
possible to simultaneously maximize NEPs safety and functionality, and to minimize their
environmental impact and costs to obtain the set of most promising SbD-cases. Due to the
intrinsic complexity, the solutions to each SbD-problem are not unique and the ASINA-tool
provides designers with the options belonging to the set of efficient design-cases, obtained
by simultaneous optimization algorithms. Interconnections of the modules performance
functions is part of the work in progress in order to achieve a global SbD-solutions complying
with all requirements within each value chain. Another open challenge addressed in ASINAproject is the definition of suitable safety performance indicators incorporating the Adverse
Outcome Pathways (AOPs) connected to the specific step in the NEPs life cycle, which will be
finally incorporated into the ASINA-tool.
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Figure 2 Modular structure mapping the NMs and NEPs life cycle

Figure 3 Interconnection between decision and objective (performance) spaces. The sketch
refers to one of the four modules (module-j), say the nanoparticles (NPs) synthesis module.
The sub-space of the n-dimensional decision space is represented by three representative
variables (xj,1,xj,2 xj,3), such as pressure, temperature and key reagent concentration, having
effect on the objective space variables. A subset of the associated objective space is
represented, reporting the coordinates j, j, j referring to NPs functionality, synthesis
environmental and safety impacts. Through the performance vector function
j=
j(xi,j), j(xi,j), j(xi,j), j(xi,j),… each m-dimensional point P(xj,1,xj,2 xj,3,…) in the decision
space is associated to the corresponding n-dimensional point P( j, j,ej,sj,…) in the objective
space accounting for the design solution multi-dimensional performance. The selection of a
subset of optimal n-points in the objective space allows identifying the SbD cases complying
with requirements.

Keywords
Safe-by-Design, Optimisation, Multi-Criteria-Decision-Modeling
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Nanoparticle aggregation changes the size and shape of the material, determining its cellular
uptake and therefore the magnitude of the toxic effect. This work should be contextualized
within the general framework of the NanoInformaTIX Horizon 2020 project (funded by the
European Commission [https://www.nanoinformatix.eu/]), and aims at calculating a number
of important materials features (here referred to as advanced descriptors) that would serve
– at a later time - as the essential input quantities for statistical models (e.g. QSAR1) for
predicting toxicological endpoints. We first employed Classical Molecular Dynamics (MD) with
the well-known force field of Matsui and Akaogi2 with the titanium dioxide-water parameters
of Alimohammadi et al.3, to investigate the aggregation free energy landscape of two identical
nanoparticles in a water medium. The Umbrella Sampling (US) technique4 is used to drive one
particle towards the other thanks to a harmonic potential which brings the particles at a target
distance specified in each MD simulation (US window), overcoming the free energy barrier
for the aggregation process. According to the DLVO theory5, the interaction between particles
in a medium consists of an electrostatic repulsive term, which takes into account the particles’
charges, and a van der Waals attractive term. Some of the considered particles have no
charges other than those associated with the atomic types by the force field (hence the van
der Waals term is dominating over the electrostatic one) and are treated by Classical MD. In
addition, the innovative use of Reactive Force Field (ReaxFF6,7) for investigating the possible
emergence of a net surface charge onto the particle is investigated. Also inspired by the
description of the classical DLVO theory; the Hamaker constant, the aggregation free energy
and the surface potential will be discussed as a promising sub-set of descriptors for
nanomaterials toxicity.
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Introduction
Cellulose nanomaterials have emerged as sustainable options for a wide range of
applications. Their biopersistence and high aspect ratio remain a subject for elucidation,
especially for their potential effects in pulmonary exposure. Furthermore, surface
composition and endotoxin contamination could affect their pulmonary toxicity.
In the present study, unmodified cellulose nanofibrils (CNFs) and anionic CNFs carboxymethylated and oxidized (2,2,6,6-tetramethyl-piperidin-1-oxyl, TEMPO) - were
tested in vivo for pulmonary and systemic toxic effects. Three different doses (14, 28 and 56
µg/mouse/administration) of each CNF were administrated to mice by repeated (3x)
pharyngeal aspiration, and the effects were assessed at 1, 28 and 90 days after the last
administration. In parallel, TEMPO CNF contaminated with increasing amounts of
lipopolysaccharide (LPS; 0.02-50 ng/mouse/administration) were assessed.
Results
All CNFs induced an acute pulmonary inflammation which gradually subsided within 3
months. The CNFs induced a lower pulmonary inflammation than long, straight carbon
nanotubes (28 µg/mouse/administration). A statistically significant increase in DNA damage
was observed 3 months after the administration at all doses of TEMPO-oxidized CNF in
bronchoalveolar lavage cells, and of carboxymethylated CNF in liver cells. All CNFs were still
present in the lungs after 3 months. No micronucleus induction was observed in blood
erythrocytes at any post-administration time for any CNF. LPS-contamination did not
increase the effects of TEMPO-CNF at 28 and 90 d.
Conclusions
Pulmonary exposure to CNFs results in an accumulation of the nanomaterials in the lung
and, in the case of the anionic CNFs, there is indication that they can induce local and
systemic genotoxic damage.
Summary
Pulmonary exposure to anionic CNFs was associated with local or systemic toxic effects 90 d
after the exposure. Deliberate contamination with LPS did not influence the toxic effects of
TEMPO oxidized CNF.
Keywords
cellulose nanofibrils, pulmonary toxicity, genotoxicity

249 | P a g e

Environmental Health and Safety of Cellulose Nanocrystals
Ong K1, Ede J1, Clarke G2, Giles G2, Bruce R3, Goergen M4, Shatkin J1
1Vireo Advisors, Boston, United States, 2Alberta-Pacific Forest Industries Inc., Edmonton,
Canada, 3Alberta Innovates, Edmonton, Canada, 4P3Nano, US Endowment for Forestry and
Communities, Bethesda, United States
Parallel Session 5.3 - Safe(r) by design (SbD) of nanomaterials and advanced materials
(include Risk Assessment), April 22, 2021, 10:50 - 12:00
Introduction
Cellulose nanocrystals (CNC), a bio-based advanced material, exhibits a range of unique
properties that offers advantages in a diversity of products, including chemicals, food, food
packaging materials, personal care and cosmetics, medical and dental devices, and
functional composites. A variety of stakeholders, from regulators to the public, require a
demonstration of safety for the intended uses of CNC prior to market entry. A 2013 lifecycle risk assessment and environmental health and safety roadmap identified knowledge
gaps in understanding CNC safety. Since then, dual efforts by a collaboration between
Alberta Pacific Forest Industries Inc., Vireo Advisors, and Alberta Innovates, and the Alliance
for Food Safety Acceptance of Fibrillated and Crystalline Celluloses, co-sponsored by the US
public private partnership P3Nano toward addressing the identified data gaps and
demonstrating the safety of CNC.
Results
This talk will summarize this collaborative research on the safety of CNC, including
inhalation risk, cosmetic and consumer product use, and the methodological approach and
results from a multi-year, tiered safety study demonstrating the safety of CNC in foodrelated applications. Standardized testing was performed where possible to meet regulatory
acceptance. CNC were tested according to European Food Safety Authority (EFSA) guidance
for nanomaterials, including simulated digestion and in vitro testing. End-of-life
considerations will be presented, providing an overview of current data demonstrating the
environmental safety of CNC.
Conclusions
CNC are demonstrated to be safe for a range of potential commercial applications. Due to
some unique physical attributes of CNC, methodological adaptation was required for some
testing. In addition, alternative testing strategies (i.e. non-animal testing) were developed to
allow for read-across to other similar materials, and to further demonstrate the safety of
CNC.
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Safe-by-design alternatives for the production of Ag-based wound dressings
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Introduction
We evaluated here design alternatives for the development of antimicrobial wound dressings
doped with AgNPs, a class of nanobiomaterial (NBM) included into Biorima (H2020 EU
project). We compared two AgNPs: commercial uncoated Ag (Ag-S) and coated Ag (AgHEC).
Naked Ag NPs are currently embedded into poly-L-lactic acid (PLLA) electrospun fibres for
wound dressings and AgHEC is proposed as a safer and sustainable alternative solution.
Results
AgHEC, coated by a benign polymer (hydroxyethyl cellulose, HEC) and obtained by means of
an ecofriendly process, was successfully processed by the Electrospinning Company,
providing AgHEC-PLLA fibres. A step-by-step comparison between nanoparticles (Ag-S and
AgHEC) and doped wound dressings (Ag-S-PLLA and AgHEC-PLLA) was carried out. Colloidal
stability (pH, dDLS and z-potELS) and dissolution behavior were investigated in water and
synthetic sweat.
The colloidal behavior confirmed the higher
AgHEC-PLLA fibres (FESEM image)
stability of AgHEC strongly protected by the
hydroxyethyl cellulose shell even in synthetic
sweat. Zeta potential in water revealed opposite
surface charge, positive for AgHEC (+20 mV) and
negative for AgS (-21 mV). Despite such different
physicochemical features, the dissolution showed
similar results. However, antimicrobial tests
against E.Coli evidenced the higher activity of
AgHEC, confirming its improved efficacy even after
re-use.
A toxicological characterization is now ongoing by
means of the Open Flow Microperfusion (OFM)
technique applied to in vitro, ex vivo and in vivo pig skin models which will provide results on
the toxicological dermal effects of AgNPs both in suspension and embedded into PLLA fibres.
Ag penetration across the skin barrier has been quantified by ICP-MS.
Conclusions/Summary
The process of validation of AgHEC-PLLA fibres as an effective safe alternative will pass
through the correlation between physicochemical properties and the ongoing toxicological
tests. These results will play a key role to promote a safe use of AgHEC that recently showed
a promising virucidal action against SarS-CoV2.
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