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Dear Friends and Colleagues, 

 

 

We decided to organize a workshop on silica toxicity because we wanted to gather a 

multidisciplinar yet highly focused group of European researchers active in fields 

fundamental for silica toxicology. We believe that openly sharing our knowledge, 

competence and ideas will pave the road to a novel understanding of the key molecular 

events involved in the various steps of crystalline silica interaction with cell and tissue in the 

human body. 

 

The variability of quartz hazard stands as one of the most puzzling issues in particle 

toxicology, notwithstanding the fact that silicosis, the most ancient occupational disease, 

was the very topic from which the study of the toxicity of particulates developed. Over the 

years, other adverse effects of silica particles (i.e., lung cancer and autoimmune diseases) 

were detected and described. However, gaps are still present in the physicochemical 

determinants and cellular pathways involved in the mechanisms of silica pathogenicity. 

 

We want to share with the group the importance to use model systems of crystals 

and membranes to understand the mechanisms at the molecular level. Introducing this 

approach into the accepted multistep model of silica pathogenicity, a picture of the chemical 

features of silica governing each cellular step may be obtained. 

 

Eventually, toxicity could be predictable by an ad hoc surface characterization and 

tailored modifications of the surface can be envisaged to prepare safe materials or blunt 

toxicity in existing ones. 
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We kindly acknowledge Eurosil, the European Association of Industrial Silica 

Producers, for the financial support and INAIL, the Italian Institute for Insurance against 

Accidents at Work, for the kind support to the initiative. 

Finally, we warmly thank all the speakers and attendees that are here to share ideas 

and discuss their results. 

 The organizing committee 

 Bice Fubini  Dominque Lison 

 Francesco Turci Cristina Pavan 
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12.30-13.30 Welcome lunch at the University of Turin 

13.20-13.30 Greetings from the Director of the “G. Scansetti” Center, Elena Belluso 

Chair: Elena Belluso – University of Turin, Department of Earth Sciences, ‘‘G. Scansetti’’ 

Interdepartmental Centre for Studies on Asbestos and Other Toxic Particulates, Italy 

13.30-14.00 Bice Fubini – University of Turin, ‘‘G. Scansetti’’ Interdepartmental Centre for Studies 

on Asbestos and Other Toxic Particulates, Italy 

From past research to future perspectives: an overview of the long search of 

determinants of quartz toxicity 

14.00-14.15 Michelle Wyart-Remy – Eurosil 

Respirable Crystalline Silica (RCS): An industry perspective  

14.15-14.30 Maria Gullo, Francesca Filippi – Italian Workers Compensation Authority (INAIL) 

Work-related silicosis in Italy – the INAIL insurance 

Chair: Francesco Turci – University of Turin, Department of Chemistry, ‘‘G. Scansetti’’ 

Interdepartmental Centre for Studies on Asbestos and Other Toxic Particulates, Italy 

14.30-15.00 Karsten Wegner – ETH Zurich, Department of Mechanical and Process Engineering, 

Switzerland 

Surface characterization and silanol groups of synthetic amorphous silicas  

15.00-15.30 Gianmario Martra – University of Turin, Department of Chemistry, Interdepartmental 

Centre of Excellence “Nanostructured Interfaces and Surfaces –NIS”, Italy 

Surface silanols of amorphous and crystalline silica: relative amounts of 

different arrangements revealed by IR spectroscopy 

15.30-16.00 Marialore Sulpizi – Johannes Gutenberg University Mainz, Department of Physics, 

Germany 

The silica/water interface: structure and reactivity from ab initio molecular 

dynamics 
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16.00-16.30 Coffee break 

16.30-17.00 Massimo Delle Piane – University of Bremen, Faculty of Production Engineering, Bremen 

Center for Computational Material Science (BCCMS), Center for Environmental 

Research and Sustainable Technology (UFT), Germany 

Free energy landscapes at the interface between amorphous silica and the 

biological world 

17.00-17.30 Cristina Lo Giudice – Université catholique de Louvain, Institute of Biomolecular Science 

and Technology, NanoBioPhysics, Belgium 

Biophysical approaches to probe the interplay between nanoparticles and 

biological systems 

17.30-18.00 Cristina Pavan – Université catholique de Louvain, Louvain Centre for Toxicology and 

Applied Pharmacology (LTAP), Institute of Experimental and Clinical Research (IREC), 

Belgium 

Surface silanols as key descriptor of the silica hazard 

Chair: Dominique Lison - Université catholique de Louvain, Louvain Centre for Toxicology and Applied 

Pharmacology (LTAP), Institute of Experimental and Clinical Research (IREC), Belgium 

09.00-09.30 Eliseo Monfort – Universitat Jaume I, Instituto de Tecnología Cerámica, Spain 

Production and use of quartzes with reduced RCS toxicity. Some industrial 

experiences 

09.30-10.00 Christina Ziemann – Fraunhofer Institute for Toxicology and Experimental Medicine 

ITEM, Department of Genetic Toxicology, Germany 

In vitro and in vivo (geno)toxicity screening of diverse quartz species, 

surface-modified to reduce biological activity 

10.00-10.30 Claire Horwell – Durham University, Institute of Hazard, Risk and Resilience, 

Department of Earth Sciences, UK 

The effect of crystallographic impurities and surface occlusion on the in vitro 

toxicity and pro-inflammatory potential of cristobalite particles  

10.30-11.00 Coffee break 
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11.00-11.30 Roel Schins – IUF Leibniz Research Institute for Environmental Medicine, Germany 

Cell and tissue responses to respirable quartz  

11.30-12.00 Peter Hoet – KU Leuven, Laboratory of Toxicology, Unit of Environment and Health, 

Department of Public Health and Primary Care, Belgium 

Silica nanoparticles: modulation and generation of cation channels 

12.00-12.30 François Huaux – Université catholique de Louvain, Louvain Centre for Toxicology and 

Applied Pharmacology (LTAP), Institute of Experimental and Clinical Research (IREC), 

Belgium  

Innate immunity to inhaled particles: a new paradigm of collective 

recognition 

12.30-13.00 Concluding remarks  
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Bice Fubini 

Interdepartmental Center “G. Scansetti” for the Study of Asbestos and other Toxic Particulates, 

Università degli Studi di Torino, Italy 

 

Silicosis is the most ancient occupational disease, silica may cause lung cancer and immune 

pathologies, but a full description of its mechanism of action is not yet fully achieved. The most 

severe diseases reported - from Hippocrates (miners, 400 BC) to recent acute silicosis due to 

processing artificial stone - occurred when respirable particles were generated by cutting, crushing 

or abrading quartz containing rocks or materials. Up to the beginning of the past century, silica 

toxicity was only a subject for occupational doctors, who considered crystallinity of silica (in the form 

of quartz or other silica polymorphs) the determinant of silica pathogenicity, without any interest in 

investigating - let alone surface characteristics of particles - relations between the way the dust was 

generated and its impact on health. In the years ‘50 – ‘60 toxicologists appeared on the stage. Early 

theories about the mechanisms of quartz toxicity were either the solubility or the mechanical one, 

both now discarded. King in UK and Le Bouffant in France reported modification with aluminium 

compounds on rat responses exposed to quartz, while Nagelschmidt pointed out differences in the 

amount of quartz retained in the lung, following exposures to pure quartz or to mixed dusts of 

different composition. Both findings can be regarded as the first steps of particle toxicology towards 

chemistry. In the same period, the need of new and efficient catalysts prompted the chemical 

community to develop the production of finely divided materials (which nowadays we would call 

nano). As a consequence Surface Chemistry, as the clue for a topographic description of particle 

surfaces, was largely developed. In the meanwhile, toxicologists alongside with animal studies 

started to employ with particles the cell culture techniques then become available. The stage was 

ready for large multidisciplinary collaborations to investigate the interaction of a quartz particle with 

living matter: few toxicologists, however, cared about the features of the specimen of dust employed 

while chemists were engaged in basic science or in industrial applications. The need for 

interdisciplinary collaboration in the search of what makes a silica particle toxic became clear and 

urgent only after IARC monograph n° 68, which stated the carcinogenicity of quartz particles, but 

with a caveat: “carcinogenicity in humans was not detected in all industrial circumstances studied. 

Carcinogenicity may be dependent on inherent characteristics of the silica or on external factors 

affecting its biological activity or distribution of its polymorphs.” Several articles followed “The quartz 

hazard: A variable entity”, “Surface chemistry and quartz hazard”, ”Variation of biological responses 

to different respirable quartz”. My talk will illustrate in detail the main features of the successive 

developments: i) the recognition of the peculiarity of the material silica being per se a variable entity; 

ii) the multiple stage mechanisms of silica toxicity as confirmed by IARC monograph n° 100c; iii) the 

widening of the scenario to amorphous silica with the advent of nanotoxicology; iv) questioning the 

paradigm of crystalline silica with ad hoc model solids; v) the role of silanols in inflammation, and 

finally vi) the hypothesis that silanol distribution at the surface might be one of the major causes of 

the variability of silica toxicity. 
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Michelle Wyart-Remy (independent consultant) 

EUROSIL, European Association of Industrial Silica Producers, Brussels, Belgium 

 

 

After a short introduction on the European industrial silica sector and its European representation, 

EUROSIL, the presentation will provide an insight into this ubiquitous mineral production and uses, 

and industry understanding of the crystalline silica scientific evidence and recent regulatory progress. 

It will also outline the sector initiatives and commitment these generated. It will give an opportunity 

to show how the last amendment to the so-called Carcinogens Directive1 addresses work involving 

exposure to respirable crystalline silica dust generated by a work process, why this legislation is the 

most appropriate one and it will shortly review the results of the NEPSI Social Dialogue Agreement 

2018 Key Performance Indicators reporting. The presentation will conclude on the lessons learned. 

  

                                                           
1 Directive 2004/37/EC on the protection of workers from the risks related to exposure to carcinogens or mutagens at 
work (Dir 2017/2398/EC)   
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Francesca Filippi and Maria Gullo, INAIL 

In Italy during the last three decades important changes in employment have occurred. During the 

‘70s, thanks to a variety of factors, the hygiene conditions of work have undergone a process of 

slow, but gradual improvement, which has not been arrested during the following decades. New 

legislation, partly deriving from European directives, has been introduced, and processes of 

outsourcing have moved the most burdensome and pollutants industrial productions to developing 

countries. The National Institute for Insurance against Accidents at Work (INAIL) is responsible for 

the implementation of the so called “privileged protection” of the insured workers as regards 

prevention, care, compensation, rehabilitation and professional reinstatement. The Italian Workers 

Compensation Authority pursues several objectives: reduction of accidents at work, the insurance of 

workers involved in risky activities, the reintegration in the labour market and in social life of work 

accident victims. This type of insurance, compulsory for all employers hiring workers in activities 

which the law defines as risky, protects workers from any kind of damage resulting from work related 

accidents and occupational diseases freeing employers from any civil liability. The safeguard of 

workers is now more than ever an integrated protection system –as a result also of recent innovative 

provisions of law – ranging from prevention on the workplace to health and economic benefits, 

medical treatment, rehabilitation and reintegration in the social and working life of victims of physical 

damage consequent to a work related accident or professional disease. With a view to contributing 

to the reduction of accidents, INAIL has also implemented a number of important tools to continually 

monitor employment and accident trends, it provides small and medium size enterprises with training 

and advice in the field of prevention and funds companies that decide to invest in the improvement 

of safety. Silicosis is protect since 1943 with law n° 455 (presumption of professional origin). For 

silica risky activities employer must pay an additional premium in order to support the annuities due 

to these professional diseases and for the development of dust prevention actions at workplaces 

(article 53 Decreto Presidente Repubblica 1124/1965). Nowadays, for the silicosis, this additional 

premium regard some thousands of Italian companies, a much reduced number if compared to the 

hundreds of thousands of the past decades (presence of effective risk if free respirable crystalline 

silica is equal or greater than 0,05 milligram cubic meter by Contarp - Technical Advisory Department 

of Risk Assessment and Prevention). Globally, industries paying the additional premium are 

distributed with some preference in the north regions. This is coherent with the more developed 

industrial economy present in that portion of the country. Occupational exposure to silica dust occurs 

in many workplaces and is well known to cause silicosis. Silicosis is a lung disease caused by 

breathing in (inhaling) silica dust. The most common form of silicosis is chronic silicosis, which results 

from long-term exposure (more than 20 years) to low amounts of silica dust. However, the link 

between silica exposure, silicosis and other diseases is still disputed. INAIL became in 2003 member 

of the Network Italian Silica (NIS) – a group of professionals working in different Italian institutions 

- to occupational exposure to crystalline silica and the related diseases. From the Inail compensation 

dataset the worker who received silicosis compensation between 1965 and 1999 were 85.689 with 

decreasing trend. The incidence of silicosis decreased drastically in the 1970s. The incidence of 

silicosis has decreased today because of a clear improvement of working conditions. According to 

recent data from Italian National Compensation Agency (Inail), silicosis represent more than 5% of 

occupational diseases claimed for annually. We emphasize the importance (of implementing 

preventive measures to reduce silica exposure and of developing surveillance systems for monitoring 

exposed worked) of exposure control and monitoring system in the workplace.  
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Anastasia Spyrogianni,1 Inge K. Herrmann,2 Kerda Keevend,2 Sotiris E. Pratsinis,1 and 

Karsten Wegner1,3 

 

(1) Department of Mechanical and Process Engineering, ETH Zurich, CH-8092 Zurich, Switzerland  

(2) Department of Materials Meet Life, Empa, CH-9014 St. Gallen, Switzerland  

(3) ParteQ GmbH, D-76456 Kuppenheim, Germany 

 

The surface chemistry of synthetic amorphous silicas is important for their performance (e.g. in 

elastomers, paints or cosmetics) as well as for understanding their bio-interactions. Here, different 

methods for determination of silanol groups in synthetic amorphous silicas are presented, namely 

thermogravimetric analysis, titration with lithium alanate, infrared- and Raman spectroscopy. 

The effect of synthesis conditions on the silica surface hydroxylation is investigated for fumed silica 

nanoparticles. By controlling the synthesis variables, silica nanoparticles with the same specific 

surface area but distinct surface chemistry could be prepared. The surface silanol content of silicas 

made in relatively short and “cold” flames is rather high (up to ~8 OH/nm2) and is reduced down to 

~4 OH/nm2 for silicas made in long and “hot” flames. The latter is closer to that of commercial fumed 

silica. Moreover, “cold-flame” silicas exhibit higher proportion of hydrogen-bonded vs. isolated 

silanols and more physisorbed water than “hot-flame” ones of similar average primary particle 

diameter. Interestingly, the above surface chemistry differences translate to lower cytolytic activity 

for “cold-” than “hot-flame” silicas in human monocytes. Most notably, total silanol contents of up 

to ~17 OH/nm2 are calculated by thermogravimetric analysis for “cold-flame” silicas, indicating their 

high internal silanol content. The latter provides new insight into the potential formation mechanism 

of silica particles in rapidly-quenched “cold” flames 
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Gianmario Martra 

 

Department of Chemistry, Interdepartmental Centre Nanostructured Interfaces and Surfaces-NIS, 

Interdepartmental Centre “G. Scansetti” for Studies on Asbestos and Other Toxic Particulate, 

University of Torino 

 

Peculiar features of the chemical and physical “dialogue” of each type of silica materials depends on 

the relative amount and relative spatial distribution of surface silanols, Si-OH,  and siloxane bridges, 

Si-O-Si. These latter can form rings with a different nymber of units, and typically the presence 

of 3 and 4 member siloxane rings can be assessed by Raman spectroscopy [1]. Nevertheless, the 

spatial arrangement of rings is quite elusive, in particular for amorphous silicas, and direct 

observation is possible in quite special cases [2], whilst indirect insights can be obtained by studying 

the coordination to the silica surface of transition metal ions [3]. Conversely, surface silanols, which 

are silica terminations much more “active”, from a chemical point of view, can be detected and 

quantified by a number of complementary methods, e.g. TGA, titration, -potential, NMR, vibrational 

spectroscopies. Among the latter, IR spectroscopy is widely and easily applicable, and, in particular, 

the O-H stretching frequency vibrations (OH) is highly sensitive to intersilanols interactions which, 

in turns, depend on the distance between Si-OH groups. Noteworthy, the relative spatial distribution 

of silanols is known/it is suppose to rule important features of the surface behaviour of silicas. Thus, 

a proper collection and analysis of IR OH signals of surface Si-OH is relevant for attaining a 

knowledge as much precise as possible, also from a quantitative point of view, of local arrangements 

of silanols. In this respect, recent advances in the application of IR spectroscopy in controlled 

atmosphere, augmented by H/D isotopic exchange will be presented in this contribution. In particular 

the focus will be on two case-study: i) the tuning the surface population of H-bonded, vicinal and 

isolated silanols on amorphous silicas, and  consequent possibility to identify silanols selectively 

active in promoting chemical reaction as relevant as the formation of amides/peptides from 

inactivated reactants, in dry conditions [4], and ii) how to “take a picture” of the relative amount of 

different faces exposed by quarts sub-micrometric grains, and of the impact on the exposure of new 

surface silanol groups of fracturing. 

 
References 
[1] Alessi, A.; Agnello, S.; Buscarino, G.; Gelardi, F.M. Structural Properties of Core and Surface of 

Silica Nanoparticles Investigated by Raman Spectroscopy. J. Raman Spectrosc. 2013, 44, 810-
816 

[2] Lichtenstein, L.; Büchner, C.; Yang, B.; Shaikhutdinov, S.; Heyde, M.; Sierka, M.; Włodarczyk, 
R.; Sauer, J.; Freund, H.J., The atomic structure of a metal-supported vitreous thin silica film, 
Angew. Chem, Int. Ed., 2012, 51, 404-407 

[3] Martra G.; Coluccia, S.; Che, M.; Manceron, L.; Kermarec, M.; Costa, D. Ni and CO Used as 
Probes of the Amorphous Silica Surface: IR and Theoretical Studies of Dicarbonyl NiII Complexes, 
J. Phys. Chem B 2003, 107,6096-614 

[4] Rimola A.; Fabbiani, M., Sodupe, M.; Ugliengo P.; Martra, G. How Does Silica Catalyze the Amide 
Bond Formation under Dry Conditions? Role of Specific Surface Silanol Pairs, ACS Catal., 2018, 8, 
4558-4568 
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Marialore Sulpizi  

Johannes Gutenberg University Mainz, Department of Physics, Germany 

 

In this talk I will present some results on the structure and reactivity of different silica surfaces, 

including the crystalline quartz 0001 and a model for amorphous silica [1-2]. 

The acidity of different type of silanols is discussed as function of the local environment, also 

including electrolyte solutions [3]. Additionally I will also discuss how molecular properties, such as 

acid dissociation constants may change upon molecule adsorption at the silica/water interface: as 

an example the case of increased acidity of pyruvic acid will be presented. 

 

References 
[1] M. Sulpizi, M.-P. Gaigeot, M. Sprik J. Chem. Theory Comput., 2012, 8 (3),1037 (2012) 

[2] M. Pfeiffer-Laplaud, D. Costa, F. Tielens, M.-P. Gaigeot, and M. Sulpizi J. Phys. Chem. C (2015) 

[3] M. Pfeiffer-Laplaud, M.-P. Gaigeot, and M. Sulpizi J. Phys. Chem. Letters (2016) 

[4] S Parashar, D Lesnicki, M Sulpizi J. Phys. Chem. Letters 9, 2186-2189 (2018) 
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Massimo Delle Piane 

Faculty of Production Engineering, Bremen Center for Computational Material Science (BCCMS), 

Center for Environmental Research and Sustainable Technology (UFT) and MAPEX Center for 

Materials and Processes, Hybrid Materials and Interface Group, University of Bremen, Am Fallturm 

1, 28359 Bremen, Germany 

 

Interactions at the abiotic/biotic interface have become of eminent interest in fields ranging from 

basic research, pharmaceutical formulation development, up to industrial product design, leaving 

several open challenges. Particularly, the interaction of silica (SiO2) with biological systems is 

complex and contradictory.  

For example, on the one hand, silica is at the basis of several biomineralization processes (e.g. in 

sponges) while, on the other hand, silica nanoparticles and dust may lead to silicosis and, at the 

cellular level, hemolysis. This behavior could be related to similar mechanisms of molecular 

recognition between the cellular membranes and the surface of the SiO2 particles.  

Furthermore, adsorption of enzymes on silica surfaces may lead to conformational changes that 

reduce their catalytic conversion activity and are thus detrimental to the efficiency of biotechnology 

or biosensing applications of this material. 

Molecular dynamics (MD) simulations are a valuable tool in investigating these interactions. 

However, despite the increase in available computational resources, MD still suffers a debilitating 

timescale problem that greatly reduces the number of phenomena that can be investigated. 

Numerous enhanced sampling methods have been introduced to alleviate this problem, such as 

Metadynamics (MetaD) and Replica Exchange with Solute Tempering (REST).  

We will here present examples of their applications, to shed light on the interactions between 

biomolecules and silica. Particularly, recent results will be shown regarding the investigation of silica-

induced protein conformational changes[1] and the effects of silica nanoparticles of various size and 

features on membrane models of different composition.[2] 

 

References 
[1] N. Hildebrand, M. Michaelis, N. Wurzler, Z. Li, J. D. Hirst, A. Micsonai, J. Kardos, A. Gil-Ley, G. 

Bussi, S. Köppen, M. Delle Piane, L. Colombi Ciacchi. Atomistic Details of Chymotrypsin 

Conformational Changes upon Adsorption on Silica. ACS Biomater. Sci. Eng. 2018 Just Accepted. 

[2] M. Delle Piane, S. Potthoff, J. C. Brinker, L. Colombi Ciacchi. Molecular Dynamics Simulations of 

the Silica−Cell Membrane Interaction: Insights on Biomineralization and Nanotoxicity J. Phys. Chem. 

C. 2018 DOI: 10.1021/acs.jpcc.8b04537 
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Cristina Lo Giudice, David Alsteens 

Université catholique de Louvain, Institute of Biomolecular Science and Technology, NanoBioPhysics, 

Croix du Sud 4-5, 1348 Louvain-la-Neuve, Belgium 

Unveiling the processes of interplay between nanoparticles and biological environment is of primary 

importance for both nanotoxicology, to establish accurate health risk assessments, and 

nanomedicine, to enable the design of effective nanoparticle-based therapies and drug-delivery 

systems [1]. Unfortunately, despite huge advances on nanomaterial synthesis and 

biofunctionalization, the fundamental mechanisms regulating their cellular uptake and processing 

are still mostly unknown. Differently from biomacromolecules, such as enzymes and cellular receptor 

ligands, which relate with their biological counterpart via specific and well-defined biomolecular 

interactions, for nanomaterials such specific communication mechanisms have not been identified, 

and their interaction with the biological world is mediated, at least in their first stages, by the surface 

physisorption of biomolecules recruited from the environment, which modify the pristine 

nanomaterial surface properties and thus the nanobiointerface [2,3]. 

In this context, in order to reach a comprehensive understanding of the interactions involved, new 

in situ experimental approaches are required to probe the biochemical and biophysical interplay 

between nanomaterials, biomolecules and cells, at a molecular level. Thanks to the tremendous 

advances in the field over the last years, atomic force microscopy (AFM) has now the potential to 

fulfill such characteristics. The recently developed force-distance curve-based AFM mode (FD-based 

AFM) enables the simultaneous acquisition of topographical and biophysical properties of 

biomolecules as well as living cells, under physiological conditions, with a sub-micrometer resolution 

[4]. Specific biomolecular interactions can be easily studied in situ, by functionalizing the tip of the 

cantilever with the biomolecule or particle of interest, as it was recently demonstrated for viruses-

living mammalian cells interactions [5]. Here, we present a range of biophysical methodologies to 

investigate the interplay between nanomaterials and biological systems in physiological conditions 

and at a single nanoparticle level. In particular, the combination of AFM with microfluidics and 

fluorescence imaging opens up new possibilities for the study of nanobiointeractions in 

nanotoxicology, nanomedicine and material science.  

 

References 

1. Wilhelm S, et al. Nat. Rev. Mater. (2016) 1: 16014.  

2. Monopoli MP, et al. Nat. Nanotechnol. (2012) 7: 779–86. 

3. Lo Giudice MC, et al. Nat. Commun. (2016) 7: 13475 

4. Alsteens D, et al. Nat. Rev. Mater. (2017) 2: 17008. 

5. Alsteens D, et al. Nat. Nanotechnol. (2017) 12: 177–183 
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C. Pavan1, F. Turci2, 3, M. Tomatis2, 3, R. Leinardi2, 3, L. Pastero3, 4, M. Fabbiani2, 5, 

G. Martra2, 5, B. Fubini2, 3, D. Lison1 

1 Université catholique de Louvain, Louvain Centre for Toxicology and Applied Pharmacology (LTAP), 
Institute of Experimental and Clinical Research (IREC), Brussels, Belgium 
2 University of Turin, Department of Chemistry, Turin, Italy 
3 University of Turin, “G. Scansetti” Interdepartmental Centre for Studies on Asbestos and Other 
Toxic Particulates, Turin, Italy 
4 University of Turin, Department of Earth Sciences, Turin, Italy 
5 University of Turin, Interdepartmental Centre of Excellence “Nanostructured Interfaces and 
Surfaces – NIS”, Turin, Italy 

 

Exposure to respirable silica dusts is associated to severe lung diseases, including silicosis and lung 

cancer, and is still a current source of concern for the heath of many workers and those using silica 

in nanotechnologies. Crystallinity has always been considered as the main feature of hazardous silica 

dusts. However, crystalline silicas are not all equally pathogenic, and some still unidentified physico-

chemical differences among particles account for the variability of the silica hazard [1, 2]. 

We recently synthesized a set of quartz crystals of respirable size, exposing as-grown, intact crystal 

faces [3]. These particles showed a very low biological activity in a series of cellular tests relevant 

for the pathogenicity of quartz, indicating that the activity of quartz dust is not necessarily contingent 

to crystallinity. Mechanical grinding of these quartz crystals markedly increased their activity [4]. By 

combining this finding with our past studies on a large set of both amorphous and crystalline silica 

particles, the surface spatial/energetic configuration of silanols emerged as a relevant characteristic 

accounting for damage to cellular membranes [4, 5]. We also correlated the ability of quartz particles 

to cause membranolysis with their capacity to activate the enzymatic machinery inflammasome and 

trigger a pro-inflammatory response [6], a step at the origin of silicosis and lung cancer. Our current 

hypothesis is that characterizing silanols through physico-chemical and in vitro analyses allows 

identifying the pathogenic activity of silica materials [7]. 

We are currently validating our hypothesis in vivo and developing a set of assays to identify and 

predict the respiratory hazard of silica particles based on the analysis of their surface silanol 

distribution. The results obtained on a panel of model quartz samples prepared ad hoc (i.e. particles 

with defined and designed physico-chemical properties) showed significant differences in their 

membranolytic and cytotoxic activity consistent with the hypothesis, confirming the relevance of 

silanols. Preliminary analyses via diffuse reflectance infrared spectroscopy (DRIFTS) indicated that 

this technique is promising to clearly reveal the silanol distribution of silica particles. 

References 

[1] Donaldson K., and Borm P. J., Ann. Occup. Hyg. 1998, 42:287-294. 
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E. Monfort1, A. Escrig1, M. J. Ibáñez1, A. López-Lilao1, G. Bonvicini2, O. Creutzenberg3, 

C. Ziemann3 

1 Instituto de Tecnología Cerámica, Universitat Jaume I, Castellón (Spain) 
2Centro Ceramico di Bologna (CCB), Bologna (Italy) 

3 Fraunhofer Institute for Toxicology and Experimental Medicine (ITEM), Hannover (Germany) 

This communication presents a summary of the results obtained in two European projects dealing 

with the production and use of quartzes with reduced RCS toxicity.  

SILICOAT PROJECT (WET METHOD) 

The SILICOAT project developed and implemented cost-effective RCS-coating technologies based 

on stable, covalent bonds of reactive quartz surface silanol groups to inhibit RCS toxicity. To this 

end, several additives were hierarchic tested in this project at lab, pilot plant and industrial scale. 

The most challenging issues were to define the treatment parameters (reaction time, dosage, 

additive selection, etc.) and how to test the coating effectiveness using physic-chemical tests, since 

they are cheaper and faster than toxicological ones. In this regard, the measurement of ζ potential 

was found to be extremely sensitive and well correlated with toxicological results. Because the main 

purpose was the implementation of this treatment at industrial scale, other critical issues were the 

costs of the treatment and the technical behaviour of the coated quartz in the ceramic process. The 

technical behaviour of the selected coated quartzes was tested at industrial scale in several ceramic 

companies producing different ceramic products:  tiles, sanitaryware and tableware goods.  

SILIFE PROJECT (DRY METHOD) 

In order to allow this coating technology to be implemented of in a wide variety of industrial 

applications, a new European project was proposed. The aim of the SILIFE project is to develop a 

dry method, based on the process proposed in SILICOAT, for reducing RCS toxicity at industrial 

scale. SILIFE project is a multisectoral study, the end-user partners belong to very different industrial 

branches: glass, pigment, adhesive, elastomer and foundry producers. The pilot plant results and 

the preliminary toxicological tests performed suggest that the developed dry method is also very 

promising. 

CONCLUSIONS 

The developed procedures (wet and a dry) should allow these coating technologies to be applied at 

industrial scale in a high variety of industrial activities in which quartz is processed. For this reason, 

a lot of end-users of quartz powders will be potentially benefited from a reduced risk associated to 

the exposure to RCS. 
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In 1997 the IARC has classified respirable crystalline silica (RCS) as human carcinogens (category 

1), a classification with marked impact on work places in silica-dependent industry branches like not 

only the traditional ceramics industry, where quartz containing materials are indispensable for the 

manufacturing process, but also on glass, pigment, adhesive, elastomer and foundry producers. The 

IARC, however, acknowledged evident differences among RCS varieties, based on their specific 

source as well as chemical, thermal and mechanical history. As the physico-chemical determinants 

of RCS toxicity are thought to be linked to abundance and density of surface silanol groups/radicals, 

chemically blocking these highly reactive groups might represent a strategy to render RCS less toxic 

and to increase workers’ safety. The complex of RCS problems represented the point of origin for 

the two EU-funded projects SILICOAT (FP7/2007-2013: grant agreement no. 285787) and SILIFE 

(LIFE 2014: project no. LIFE14 ENV/ES/00238), which both aimed at developing and implementing 

into the industrial production process, cost-effective wet (SILICOAT) and dry (SILIFE) RCS coating-

technologies, based on stable, covalent bonds between certain coating agents (e.g. the organosilane 

Dynasylan® SIVO 160) and the reactive surface silanol group, to finally inhibit RCS toxicity, in 

particular in the lung. To guide such development processes, and taking into account the 3R 

principles, it is indispensable to have appropriate and validated in-vitro screening models and 

predictive biological endpoints in place, to be able to judge for functionality and coating 

effectiveness. In the two projects, primary rat alveolar macrophages have proved to represent a 

sensitive and meaningful short-term in-vitro screening model, with membrane damage and direct 

DNA damage as main screening endpoints, and aluminum lactate as a tool to differentiate between 

RCS-dependent and –independent biological effects. In the projects, in-vitro results with coated 

quartz were predominantly confirmed in 28- and 90-days intratracheal instillation studies in rats, 

with classical inflammatory parameters as most relevant readouts. However, it turned out that 

acellular determination of coating stability was not able to completely predict the in-vivo results. In 

the frame of the projects, suitability of additional biological endpoints as biomarkers was 

investigated, to have a more comprehensive screening panel in place. Using the given screening 

models and endpoints it could be demonstrated that some covalent coatings are indeed able to 

effectively and stably block RCS toxicity in the lung for up to 90 days, without interfering with 

technical process quality. The present talk will deliver some inside into in-vitro and in-vivo RCS 

toxicity screening of surface-modified quartz species, developed to render RCS handling safer. 
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Exposure to crystalline silica can cause respiratory diseases, such as silicosis. However, the observed 

toxicity and pathogenicity of crystalline silica is highly variable. It has been suggested that these 

variances are attributable to a number of inherent and external factors, including the presence of 

impurities within the crystalline structure. In cristobalite-rich dusts, substitutions of aluminium (Al) 

for silicon (Si) in the cristobalite structure, and impurities occluding the silica surface, have been 

hypothesised to decrease its toxicity. This talk will present research, conducted on doped, synthetic 

cristobalite and on volcanic ash and diatomaceous earth, which seeks to address this hypothesis.   

 

In this research, the structure-toxicity relationship of cristobalite was explored through 

characterisation of samples for mineralogy, cristobalite purity and abundance, particle size, surface 

area and surface charge; in vitro assays assessed the ability of the samples to induce cytotoxicity 

and pro-inflammatory responses in macrophages, and haemolysis of red blood cells. The synthetic 

cristobalite was doped, with incremental amounts of sodium and aluminium, to specifically test the 

impact of impurities on cellular toxicity.  

 

Analysis of volcanic ash and diatomaceous earth found that all cristobalite tested was impure, 

structurally (with several wt.% Al +Na observed in cristobalite in both dust types), and was usually 

also partially occluded by glass and other components, from the original volcanic lava and 

diatomaceous frustules, thereby substantially reducing the surface area of cristobalite available for 

reactivity with cellular components. The presence of other minerals alongside the cristobalite 

prevented a direct assessment of causes of toxicological responses in volcanic ash and diatomaceous 

earth. For the synthetic cristobalite samples, however, doping reduced cytotoxicity to macrophages 

and haemolytic capacity compared to non-doped samples. Al-only doping was more effective at 

decreasing cristobalite reactivity than Al+Na co-doping.  

 

The reduction in the reactivity of doped cristobalite is attributed to both structural impurities and a 

lower abundance of crystalline silica in doped samples. Both impurities and occlusion, therefore, can 

reduce the toxic potential of cristobalite and may help explain the low reactivity of some cristobalite-

rich dusts, such as volcanic ash. Whilst further work is required to determine if these effects translate 

to altered pathogenesis, the results have potential implications for the regulation of respirable 

crystalline silica exposures within the cristobalite industry.  
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Exposure to respirable crystalline silica dust has been linked to serious adverse health outcomes 

including chronic obstructive pulmonary disease, silicosis and lung cancer. Toxicological studies in 

rodents and cell lines have contributed to the identification of cellular pathways and processes that 

may underlie the development and progression of these diseases. For many years in our laboratory, 

we have been applying surface modifications of the respirable quartz sample DQ12 with either 

polyvinyl-pyridine-N-oxide (PVNO) or aluminium lactate as a tool to study mechanisms of quartz 

toxicity. As such, it could be demonstrated that the surface modification of quartz has marked 

influence on the induction and persistence of inflammation, DNA damage, fibrogenesis and particle 

clearance from the lung. Complementary in vitro studies with macrophages and lung epithelial cells 

provided further mechanistic support by showing the importance of the quartz surface in the 

activation of the NF-κB and NLRP3 inflammasome pathway, the induction of oxidative DNA damage 

as well as the uptake of the quartz particles by these respective cell types.  Elaboration on the 

chemical properties that contribute to the various cell and tissue responses of quartz will further 

improve our understanding of how inhalation of this, and possibly other silica polymorphs, may cause 

lung diseases. 
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Although SiNPs are known to affect the the airway epithelium, the molecular targets of these 

particles remain largely unknown. Given that SiNPs interact with the plasma membrane of epithelial 

cells we hypothesized that they may affect the function of Transient Receptor Potential Vanilloid 4  

(TRPV4) channels - cation-permeable channel that regulates epithelial barrier function. 

 

Out of all sensory TRP channels tested for effects of SiNPs (TRPA1, TRPV1, TRPV4, TRPM3 and 

TRPM8) we found TRPV4 to be the most sensitive, with a significant decrease of its activation by 

the powerful synthetic agonist GSK1016790A. TRPV4 is a cation channel that has been shown to 

regulate protective functions of airway epithelial cells. We found that commercial 9 nm SiNPs 

(Ludox®) inhibit the activation of this channel in mouse and human airway epithelial cells, as well 

as in a heterologous expression system expressing the mouse isoform of this channel. We showed 

that nanoparticles abrogate the activation of a TRP channel with direct measurements of channel 

activity using patch-clamp for current recordings. Furthermore, we demonstrate that SiNPs abrogate 

the increase in of ciliary beat frequency triggered by activation of TRPV4. Importantly, we found 

that the inhibition of TRPV4 by SiNPs occurs at concentrations and time scales much smaller than 

previously reported effects of these particles. Taken together, our results unveil the cation channel 

TRPV4 as an immediate and sensitive molecular target through which SiNPs may impair the 

clearance function of ciliated cells, potentially resulting in defective defensive responses of the airway 

epithelium. 

 

Our results show that SiNPs inhibit TRPV4 activation, and that this effect may impair the positive 

modulatory action of the stimulation of this channel on the ciliary function in airway epithelial cells. 

These findings unveil the cation channel TRPV4 as a primary molecular target of SiNPs. 
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Major progress has been achieved in recent years to elucidate mechanisms driving the early response 

of pulmonary innate immune cells to inhaled micrometric and nanometric particles. Mononuclear 

phagocytes promptly categorize particles, alert immune network and engage crescendo responses 

for particle clearance and homeostasis restoration. Negatively charged particles directly interact with 

scavenger receptors A and B (SR-A and SR-B) and consequently activate specific signaling pathways, 

resulting in the production of TNF and IL-1 family members, which coordinate effective innate 

immune responses. Cytokine secretion also arises after a simple contact between particle-associated 

radicals and cell membranes. Reactive particles engage the passive release of constitutive alarmins, 

ensuing particle- or TNF-α-induced cell death and membranolysis. Finally, the inflammasome 

machinery represents the decisive intracellular platform that finely tune immune pathways engaged 

after SR activation, alarmin release, TNF-α production and cell homeostasis perturbations. 

Disturbance of these collective recognition processes prolongs particle persistence and innate 

immune responses that generate long-lasting adaptive immunity and cause chronic lung diseases. 

 



 

 

 


