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Abstract. In times of social change, science has a special responsibility to 

provide evidence-based results to foster the generation of solutions for the 

pressing challenges of today, such as climate change or digitalization. To spread 

knowledge on scientific findings, science communication is inevitable. It 

intensifies the dialog with the public, objectifies current debates and provides 

information about the challenges and opportunities of new scientific 

developments. For more than 20 years, research has been ongoing worldwide on 

the safety and risks of nanomaterials. In this paper, the authors describe their 

experiences with science communication, using the knowledge database 

www.nanoobjects.info as an example. Already in 2009, the online knowledge 

base www.nanoobjects.info was established to share scientific results on the 

safety of nanomaterials with the public in a value-neutral manner. In 2020, 

advanced materials were added to this information platform to provide 

understanding and awareness of toxicological data on these materials as early as 

possible. This knowledge base materials is currently providing safety-relevant 

information on 30 advanced materials, including nanomaterials, with regards to 

human health and environmental impact. 
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1 Introduction 

In recent years, the internet and social media platforms have increasingly become the 

general source of information for the public. There are more and more information 

portals, also covering scientific topics. Since toxicological effects of advanced 

materials, such as nanomaterials, on human health or the environment have been 

investigated, corresponding scientific publications are often followed by 



2 

misinterpretations or even misrepresentations of the results in newspapers, social media 

or online news. However, the lines between facts and fakes are becoming increasingly 

blurred in news, stories and reports. Information is not always scientifically sound and 

correctly presented [1]. In addition, scientific publications or scientific studies are not 

immune to misrepresenting facts, e.g., in the field of medicine or toxicology, mainly 

due to poor diligence in the execution of tests or data evaluations. In 2012, for example, 

it was shown that only 11% of medical studies dealing with cancer drug development 

were reproducible [2]. A similar trend could be observed for studies on the toxicology 

of nanomaterials or advanced materials [3], and the scientific community reported 

various problems [4]. 

This makes it all the more important for scientists to engage in scientific 

communication and present their research results in a comprehensible and accessible 

way. Here, in turn, the internet can play a major role. If facts are presented by scientists, 

citizens gain trust and feel well informed (personal information).  

Besides quality issues, science communication itself is facing multiple challenges 

today, e.g., with the management of the COVID-19 pandemic as one of the most 

prominent current examples. Typically, scientists communicate their results via 

scientific publications and conferences to the scientific community and interested 

parties. However, other stakeholders like consumers, journalists or Non-Governmental 

Organisations (NGOs) have limited access to these means, but at the same time an 

interest in impartial information on relevant topics, such as nanomaterial’s safety.  

This paper provides insights into the work of communicating scientists in the field 

of nanotechnology and materials safety research. It describes the establishment and 

ongoing advancement of a web-based Knowledge Base Materials with peer-reviewed 

scientific publications as its major information source. Based on these experiences and 

lessons learnt from about 15 years of science communication, the authors implemented 

specific measures into their science communication strategy to circumvent 

interpretation bias and to facilitate an informed public debate on materials safety [5], 

[6], [7], [8]. In the following, the motivation and implementation of these measures 

`multidisciplinary´, ́ data quality assessment´ and ́ structured operating instructions´ are 

presented in detail, and complemented with their advantages for science and risk 

communication on advanced materials [9], [10]. 

2 Methods 

Early on in the development of nanotechnology and its applications, it became apparent 

that there is a need for trustworthy, fact-based and easy understandable information 

from the perspective of multiple stakeholder groups. In order to provide a broader group 

of interested citizens with trustworthy, expert-curated information on this topic, a 

public website was established in 2009 in the context of a German research project to 

communicate data and knowledge on advanced and nanomaterials: 

www.nanoobjects.info (in German: www.nanopartikel.info) [11]. 

The goal of the platform www.nanoobjects.info  is to provide transparent, 

reliable, scientifically correct, but easy to understand information on advanced 

http://www.nanoobjects.info/
http://www.nanopartikel.info/
http://www.nanoobjects.info/
http://www.nanoobjects.info/
http://www.nanopartikel.info/
http://www.nanoobjects.info/
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materials, including nanomaterials. For this purpose, complex toxicological and 

material science information is collected, evaluated and summarized in a simplified 

format. The presentation of the content on the webpages follows a uniform format and 

provides links to further literature for journalists, NGOs and policy makers as well as 

scientists. The following principles and approaches were applied and further developed 

for the websites’ content creation and science communication on nanomaterials and 

recently expanded towards advanced materials. 

 

2.1 Principles  

Principle 1: Multidisciplinary 

Due to the interdisciplinary nature of (nano)material science, it was essential to 

combine the knowledge from different relevant scientific disciplines for the purpose of 

truthful communication. This is reflected in the set-up of the multidisciplinary expert 

team consisting of scientists with backgrounds in human and environmental toxicology, 

biology, chemistry and material science. These experts are jointly creating content on 

selected materials or material classes to provide a full picture of a materials’ properties, 

applications and resulting effects on humans and the environment. In addition, all 

articles are proofread by non-scientists before publication on the website to evaluate 

comprehensibility. This is to better address the target groups consumers, journalists, 

NGOs and policy makers. 

Principle 2: Literature Quality management  

As already described e.g., in [9] peer-reviewed publications in the field of 

nanotechnology and related safety studies are heavily affected by a number of quality 

issues making it necessary to conduct a pre-screening process to ensure the reliability 

of scientific outcomes for further processing and communication purposes. The 

multidisciplinary expert team behind the knowledge base www.nanoobjects.info 

therefore developed a study quality criteria checklist that supports the selection of 

appropriate and reliable studies for communication on material safety as described 

before [12], [12, 13]. The experiments and study results from toxicological publications 

(human toxicology and ecotoxicology), are carefully assessed for the categories 

material characterization, sample preparation, biological test system description, and 

general quality parameters such as the usage of standardized test protocols (ISO, 

OECD). To this end, EU and worldwide guidelines are also constantly monitored, 

checked for relevance and adjustments are made to the catalogue. The catalogue of 

criteria is public and can be downloaded directly from the website 

www.nanoobjects.info. This makes the evaluation process transparent and 

comprehensible. 

This initial catalogue of criteria for assessing toxicological publications, acknowledged 

worldwide in the scientific community, has since been picked up by a number of related 

projects and has also been further developed to support, for example, the detailed risk 

assessment of nanomaterials (e.g., GuideNano [14], nanoGRAVUR [15) or for the 

quality assessment of nanoplastics and microplastics ecotoxicity studies {Kokalj, 2021 

#62]. 
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For the articles, only papers that meet the criteria catalogue are cited. Due to the 

large number of available publications on toxicology of nano and advanced materials a 

complete mapping of the relevant literature is not possible. Rather, a selection of 

representative, informative studies is usually used for the articles and listed on the 

website below the various basic or cross-cutting articles or in the sub-category 

Literature (Materials). However, all evaluated scientific papers are recorded in an 

internal library and contribute to the traceability of the whole process.  

In addition, this publicly available criteria checklist supports the fair, 

comprehensible and transparent re-use of data for science communication and 

knowledge transfer. 

Principle 3 Knowledge Base Materials structured writing approach 

The approach has already been described in detail in 2022 [13]. 

 

Principle 4 Operating Instructions.  

With the help of standard operating procedures (SOPs), researchers aim to establish 

protocols that facilitate repeatability and reproducibility of the individual experiments 

which in turn can be used for harmonization of methods across a large group of 

organizations, for example between different international research projects.  

The expert team supports the scientific community in a two-way manner, offering a 

re-usable template on the one hand for the SOP creation for download as well as a 

repository of already established lab protocols and validated SOPs. Publishing SOPs 

and lab protocols in a downloadable format is intended to support transparency and 

traceability in research on materials safety.  

3 Results and Discussion 

3.1 Materials knowledge base 

Over the years, with the structured article writing approach using the literature criteria 
checklist the multidisciplinary team published detailed information on about 30 
different (nano)materials.  

In addition, the application material database presents more than 150 material-
specific applications. In this section, especially consumers will find brief information 
on (nano)materials and their applications. 

Approximately 2.500 scientific papers have been evaluated so far (status Dec 
2022). The first material described in detail in the knowledge base materials has been 
nanoscale titanium dioxide (TiO2) in 2009/2010. The texts for each material are 
regularly checked for actuality and if needed, supplemented or adapted with relevant 
information. Again, TiO2 serves here as a good example in particular related to its 
applications in the food sector or other applications such as paint. The gained 
knowledge on the mechanisms and hazard potential for the different forms of nanoscale 
titanium dioxide were the reasons behind the re-evaluation process of this material 
during the last 4 to 5 years. In 2021, this resulted in a change in classification of TiO2 
in certain powder forms as a category 2 carcinogen by inhalation in the EU, the ban of 
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TiO2 as a food additive in 2022 followed by the most recent judgement of the Court of 
Justice of the European Union (ECJ) annulling the European commissions’ 
classification of TiO2 as carcinogenic in its powder form [16]. The knowledge base 
articles for TiO2 were therefore updated as quickly as possible and a major update based 
on the latest scientific discussions [17], [18] is planned for 2023. Figure 1 shows a 
screenshot of the website with a selection of materials. 

 

Fig. 1. Screenshot of a section of the materials section of the website nanoobjects.info 

3.2 Need for Operating Instructions. 

History of publications especially in the field of nanotoxicology has clearly 

demonstrated that many of these publications contain false-positive or false-negative 

results based on methodological pitfalls and errors. In general, Standard Operating 

Procedures (SOPs) describe the exact procedure within a process. Frequently recurring 

work processes are described in text form and explained to the persons carrying out the 

work. An SOP includes a unique identification, a validity date or period, a version 

number, and the names of the creator, auditor and the deallocating person with the 

respective signatures. It should be clear who specified what and when thereby ensuring 

traceability at all times. 
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The repository provided on the website encompasses a collection of SOPs and also 

laboratory protocols generated in projects from the German BMBF sponsorship 

program as well as from other European research projects that are not necessarily 

validated by a 2nd party and do not comply with SOP requirements. The available list 

of comprehensive protocols is sorted into different categories according to their 

application areas such as “Biological Test Methods”, “Physico-Chemical Properties”, 

“Sample Preparation”. Figure 2 shows a screenshot of a section of this list on the 

website. 

The SOP-template was generated on the basis of careful scientific practice and 

adjusted for (nano)material-specific application areas. Having such a template ready-

to-use available for download on the project website encourages other to use it for the 

establishment of their own SOPs and makes it easy to translate best practices for a 

method into a clearly communicated, systematically written document. 

 

 

Fig. 2. Screenshot www.nanoobjects.info: knowledge/operating-instructions/ Continuously 

updated list of standard operating procedures and non-validated laboratory protocols from 

national and European research projects of different categories: biological test methods, 

physicochemical properties, sample preparation 

 

3.3 Spotlight Research 

A 2020 established aspect of the nanoobjects.info website for communicating recent 

scientific facts and figures is the monthly published “Spotlight Research”. This section 

is primarily aimed at the science community. For this section, the DaNa team selects 

relevant scientific papers that convey novel findings in the field of (nano)materials 

safety research, toxicology, regulatory issues, or on research strategies of other research 

projects with a view beyond the horizon. The content of the selected publication is 

described in a condensed way with a specific focus on its novelty and also simplified 

http://www.nanoobjects.info/
http://www.nanoobjects.info/
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so that it appeals to both researchers and interested citizens. A link to the full original 

paper gives the reader the opportunity to read it in detail. Such short articles showcasing 

current research outputs can also easily be used for broader communication means via 

existing social media channels (Twitter or LinkedIn). Figure 3 shows a screenshot of 

section “Spotlight research”.  

 

 

Fig. 3. Screenshot of the website of the Spotlight June 2023.  

 

4 Conclusions 

Material research is an important pillar for mankind to cope with the challenges of our 

time, such as climate change or digitalisation. Science, in this case materials science 

and toxicology, has a special responsibility to provide evidence-based and reliable 

findings. This responsibility also encompasses the major task of science 

communication, generating increasing dialogue activities with the public, objectifying 

current debates and educating about the challenges and opportunities of novel scientific 

developments in material sciences. Both funding agencies and EU policy put currently 

big emphasis on the importance of science communication [19], [20]. The German 

Ministry of Education and Research considers transparent communication about 

science, its working methods and positions to be an important prerequisite for better 
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understanding in society[21]. To become an integral part of the science system, it is 

necessary for science communication to be driven directly by scientists. In addition to 

sharing scientific results, the processes and methods used to achieve those results must 

also be communicated with the public. This can help creating more transparency and 

increasing confidence in the scientific community. To initiate this change in science, 

for example, the German "#FactoryWisskomm" was launched. In this think-tank 

exchange platform, representatives from politics, science communication and science 

journalism have established working groups to develop recommendations and strategic 

steps for science communication [22]. These cover e.g., science journalism in the digital 

age, public engagement formats for science communication or quality assessment & 

quality management in science communication. 

As illustrated in this paper, the concept behind this expert-generated web-

based knowledge base materials (www.nanoobjects.info) has already picked up 

important aspects of science communication related to the topic of nanotechnology and 

potential issues of nanomaterials for humans and the environment. This fact-based and 

objective approach generated by the authors has proven to be a successful information 

source with easy online access for different stakeholder groups based on a transparent 

process for generating quality-assured information on the safety of nanomaterials and 

advanced materials. This processing of scientific findings is also transferrable to the 

novel developments in material science and the authors are currently working on 

generation of new content for novel classes of advanced materials, for example novel 

batteries for more efficient storage of renewable energies. As with any scientific field, 

the process is constantly monitored and adjusted accordingly upon recent updates from 

the scientific community. 

Approx. 97,460 website visitors and 166,000 page views in 2022 show that 

there is a need for information on the security and applications of materials (internal 

project analysis according to data protection guidelines).  

Taken together, the overall science communication activities have strongly 

contributed to the science and risk communication for nano- and advanced materials as 

part of risk assessment, thus promoting a sustainable and responsible use of these 

materials.  
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