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Abstract. Transparent and reliable communication of the safety of advanced and
nanomaterials is an issue that has become increasingly important in recent times.
The German initiative DaNa got involved in this topic at an early stage. It is
running the Knowledge Base Materials, a web-based information platform on
nanomaterials (www.nanoobjects.info) formore than 10 years, which is constantly
being expanded. Recently, due to emerging developments in materials science, the
focus has been expanded from nanomaterials to the variant-rich group of advanced
materials, softening the restriction to particles below the 100 m size limit in one
dimension to include larger particles with more complex composition. For the
Knowledge Base Materials, this broader scope presents a challenge for science
communication. In this paper, the authors describe the selection of materials, the
workflow, and the quality control thatwas performed to provide reliable knowledge
about the safety of advanced materials to humans and the environment.
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1 Introduction

Materials, especially advanced materials, are the backbone and source of prosperity of a
modern industrial society. These advancedmaterialswill play a decisive role in the future.
Advanced materials are designed with a purpose to have novel or enhanced properties
and improve performance over conventional materials, products, and processes.

Variousmaterial innovations hold great promises to tackle today’s societal challenges
such as energy generation and storage, building sustainable cities, mobility or even
in the global fight against diseases. To keep up with this development, the scope of
the existing Knowledge Base Materials was broadened to cover advanced materials
with nanomaterials representing a sub-group. Similar to the usage of nanomaterials,
innovations containing advanced materials should be as safe as possible, meaning not
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causing any harm towards humans and the environment. At the same time, advanced
materials should not generally be perceived as a cause for concern.

In any case, a clear definition of advanced materials is difficult and has not yet been
established. The term material is far-reaching and stands for the basic building blocks
of all physical objects. Novel as well as known materials can be optimized or tailored
to fulfil specific functionalities and address different challenges. An attempt to classify
advanced materials suggests that the term refers to “materials representing an advance
over conventional materials either by controlling their composition and structure or
through newmodifications”. A good basis for defining advancedmaterials is provided by
Javier Peña’s report from 2013 [1]. Advancedmaterials are described as a heterogeneous
group that may include nanomaterials, bioactive, anisotropic materials, among others
(see Table 1). Each one has different properties and varies in composition, shape, size,
interactions, and charges, resulting in a wide range of functionalities and behaviors
[1, 2]. They are expected to be essential for human well-being and economic security,
with applications in numerous industries including those aimed at addressing affordable
and clean energy and resilient infrastructure, future key challenges to cope with the
consequences of climate change [3–6].

The development and commercialization of products with advanced materials
requires an accurate risk assessment of such products and appropriate risk communica-
tion measures. Risk communication and public awareness are key to avoid unjustified
negative public perception and a backlash of public concern [7, 8]. This perception is
also influenced by existing binding principles (such as the EC precautionary principle
[9]), definitions and regulations [8, 10].

In this paper, the authors illustrate how they established the Knowledge Base Mate-
rials on advanced and nanomaterials as a web-based application (www.nanoobjects.
info) and how they contribute in this way to sustainable information on advanced and
nanomaterials for interested stakeholders.

2 Methodology

2.1 Selection of Advanced Materials

For a novel material to be included in the Knowledge BaseMaterials (www.nanoobjects.
info) two main criteria apply: market relevance and existence of relevant toxicological
studies. Guiding questions are i.e. “Is the material already available in a product on
the market or will it be available soon?” and “Is there sufficient scientific knowledge
published onmaterial safety?”. The latter question is themost decisive factor as theDaNa
project focusses on processing published research data from the scientific literature for
science communication purposes and does not conduct its own laboratory research.

Javier Peña’s report provides a good basis for expanding the existing knowledge
base to include advanced materials [1]. Table 1 summarizes material categories with
examples of possible materials / material classes.

2.2 Selection Criteria and Quality Check of Publications

Various factors contribute to a successful and objective communication of scientific
findings to a broader community. Ensuring good quality, reliability and comparability
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Table 1. Main categories of advanced materials and examples for each category. It follows the
categorisation as suggested in [1] as well as in [11].

Material category Examples

Fibres PECH / PAN based carbon fibres

Bio based DNA origami

Advanced textiles and fibres Self-cleaning fabrics

Advanced manufacturing 3D-printing

High performance polymers Self-healing polymers

Light alloys Titanium-, Magnesium-based

Active materials Micro-encapsulated phase-change
materials

Gels and foams Aerogel

Layers Graphene

Coatings Electrically-conductive ink

Nanomaterials Nanowires

Advanced composites Organic light-emitting diode

of the research studies conducted are impertinent to draw reliable conclusions from the
results, whether for scientific or regulatory purposes or for the information of interested
stakeholders via the Knowledge Base Materials. Due to the huge amount of nanotoxi-
cology studies published annually, this became even more important [12]. The number
of publications for advanced materials has not even been recorded yet.

To address the issue of accuracy and reliability of scientific studies, the implementa-
tion of a comprehensible procedure for study quality control is an important step: First,
the most critical parameters and factors influencing (toxicological) studies on advanced
materials (including nanomaterials) are identified and compiled by different experts.
These cover material properties, dispersal of materials for toxicological tests, the tox-
icity study design itself and additional criteria such as usage of Standard Operating
Procedures (SOPs) or other official test guidelines.

As a result, the literature criteria checklist “Methodology for selection of publica-
tions” was established. It is a functional and comprehensive tool for evaluating published
research studies for reusage, with specific focus on science and risk communication on
nanomaterials [13, 14].

At the same time, the tool makes the evaluation process objective, transparent and
comprehensible. The fulfilment of mandatory and voluntary criteria allows a differen-
tiated weighing on quality and reliability of study results (Fig. 1). Similar approaches
for evaluating study quality differing in purpose and degree of details have also been
developed by others, e.g. [16–20].
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Fig. 1. DaNa writing process for article creation: (1) Bibliographic analysis of peer-reviewed
scientific papers on selected advanced materials. (2) Evaluation of selected papers with the help
of the DaNa literature criteria checklist “Methodology for selection of publications” [15]. (3)
Approved papers serve as a source of information on the characteristics, human and environmental
toxicology of advanced materials and are cited on www.nanoobjects.info.

3 Results

3.1 Provision of Quality-Checked Publications

Adaptions on quality criteria for advanced materials studies
As mentioned before, the term “advanced materials” includes an even broader class
of different materials than the term “nanomaterials”. Moreover, little is known today
on toxicity-relevant properties of many advanced materials. Within the community, the
current focus of the discussion is on how to identify materials of concern for human
and environmental health [21–23]. As a consequence, the Knowledge Base Materials
team constantly monitors the existing study quality criteria checklist for novel criteria
that describe the specificities of advanced materials. As the listed criteria need to be
applicable to a broad variety of different materials, the team faces the challenge to
formulate as precise as possible but not too limiting for only specific criteria. So far,
there are only few indications on relevant criteria that need further consideration. For
example, with the expansion of the Knowledge Base Materials from nanomaterials to
advancedmaterials, the size factor of the evaluatedmaterial is not limited to the nanoscale
anymore. However, size and dimensions (shape) of the investigated particulate or fibrous
materials should be clearly stated and characterised accordingly. Since a clear definition
of advanced materials does not currently exist and also appears impossible in the near
future due to the heterogeneity of materials, expert knowledge is indispensable, since
the term is used in different contexts and the published research results must therefore
also be evaluated in the respective context.

One example for the need to adjust the existing evaluation criteria for ecotoxicity
testing are polymer materials, which are used for example as composite materials in 3D
printing [24]. On the basis of quality criteria developed for nanotoxicity studies, it was
explored if and which additional criteria need to be considered for this specific group of
materials (e.g., additive content), and which criteria are not relevant (e.g., porosity).

http://www.nanoobjects.info
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3.2 Knowledge Base Materials Structured Writing Approach

Following the evaluation of study quality, the content of the quality-assured research data
is transferred into generally understandable articles. For better clarity for the readers, all
texts follow a fixed structure for which a tiered approach has been adopted: each article
starts with a short and relatively simple summarizing paragraph (teaser). The scientific
details are then further elaborated as the article continues ending with a reference list
of the most important quality assured scientific publications for the respective material
(Fig. 2).

Fig. 2. Agraduated complexity addresses different educational backgrounds of visitors. The com-
plexity of the information increases from the basic articles to the material overviews and material-
related information (1 subchapter) on human toxicology (3 subchapters) and ecotoxicology (3
subchapters) to the cited scientific literature.

For each material, information is provided on the material properties and applica-
tions, aswell as detailed content on exposure scenarios, behaviour, andhazard assessment
for humans and the environment.

TheKnowledgeBaseMaterials expert team isworking according to amulti-eye prin-
ciple: the scientific review of the initial article is followed by a second review conducted
by a non-scientist, which focuses on the implementation of general comprehensibility.
Since technical terms cannot be completely avoided, a separate glossary is provided to
further improve general understandability.

If a newmaterial fulfils the previously mentioned criteria to be added into the knowl-
edge base, the content creation process is started. A brief fact sheet summarising the
most important information is compiled, allowing the reader to get a quick overview
and creating interest in reading further. This is followed by more detailed information
on the material itself as well as the relevant toxicological aspects for humans and the
environment.

Material Information - Properties and Usage
Each material presented is characterized in the “Material Information” section. General
information on properties and use as well as occurrence and production are provided. A
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guideline of questions is applied during article creation to provide a structured guidance
for the author as well as a clear orientation for the reader to find information later on in
a targeted way. In addition, for regular users a recognition effect is created.

Toxicological aspects of advanced materials for humans
The mentioned principles of the predefined writing scheme are also applied to the cre-
ation of articles for the topic of human toxicology. Evaluated scientific publications
are sorted according to the main topics addressed in the Knowledge Base, namely (I)
Human exposure, (II) Uptake in humans and (III) Effects in humans. Again, a specific
set of guiding questions structures the article and guides the reader through the provided
information. The catalogue of questions for the topic of exposure to humans encompasses
questions such as: Are epidemiological studies available? In which (everyday-relevant)
applications do people come into contact with a (nano)material? What is the situation
at the workplace? What about the release of materials at the workplace? Is the worker
exposed to material at the workplace?

Since the knowledge base is primarily aimed at citizens without scientific knowledge
in toxicology, it is important to consider the situation of the consumer. Thus, relevant
questions to be addressed are: Is it possible for thematerials to be released fromconsumer
products? How likely is the exposure and what are the effects? For this purpose, in vitro
and in vivo studies are evaluated. The next stage is the uptake of released materials
into the human body. Here, studies on the lung, skin and gastro-intestinal tract are
being considered. In the process, the focus is on aspects such as the following: Which
absorption mechanisms are relevant for the different forms of the material (bulk/nano)?
Which uptake mechanisms are relevant for the different forms of the material or are there
relevant differences for the material in different forms? What happens to the material in
the lung (e. g. removal from the body, inflammation or absorption into the body)?

In addition, the effects ofmaterials on humans after the uptake are also being covered.
How is the distribution and effect in the body?Will the material be taken up in cells and if
so, in which way? The answers to the questions on uptake and behaviour are important to
draw final conclusions for the hazard and overall risk assessment of the material related
to human toxicology. They ensure to cover topics of specific interests for the general
public related to material safety.

Environmental impact of advanced materials
Analogous to the previous section, specific guiding questions serve as a blueprint for a
uniform structure of this texts. Three individual sections inform on (I) Environmental
release & exposure of advanced materials, their (II) Behaviour in the environment, and
(III) Uptake and effects in environmental organisms.

Accordingly, the following questions are considered: Is there a release at all? At
which stage of a products life cycle? What and how much material is released into
the environment? Into which compartment? How is the material behaving regard-
ing transformation and transport processes? And finally, Is the material taken up by
environmental organisms, is it affecting the organisms?

Especially the last question needs attention in order to provide a balanced overview
on environmental safety. For advanced materials it is important to consider toxic effects
resulting from the specific form (shape, dimensions), the materials composition, or from
by-products (e.g., endotoxins, additives), which are contained in the material.
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4 Lessons Learnt

Scientific conferences, publications and textbooks are the usual channels for scientists to
communicate their results. However, websites and social media are becoming more and
more important in the present time. However, fake news and false information are also
on the rise. Consumers often cannot evaluate scientific information and scientific terms
and cannot distinguish them from such false information. As a scientist, however, you
also strive to communicate findings to a broad audience. In order to provide validated
fact-based information to a broad interested audience via a public website, the consec-
utive German DaNa projects were initiated with the aim of communicating data and
knowledge on the safety of advanced and nanomaterials. These science communication
projects were intended to avoid repeating the previous communication failures of other
branches of science, such as genetic engineering or nuclear power. Scientific results on
the safety of advanced and nanomaterials should be presented in a transparent and struc-
tured manner at an early stage of technology and application development. Since 2009,
scientists in these initiatives have been working in the area of tension between precise
scientific facts on the one hand and simplified presentations on the other. The result is
the current web-basedKnowledge BaseMaterials (via www.nanoobjects.info). From the
authors perspective, the established quality assurance procedure facilitates the unbiased
and transparent assessment of scientific outputs in alignment with community-validated
characteristics [15]. In addition, the implementation of mandatory and voluntary criteria
gives the evaluators a certain amount of freedom to individually rate and judge certain
aspects of the selected studies from an expert’s point of view. The template of the lit-
erature criteria catalogue is available online in order to make the process of evaluating
the literature transparent. The question-guided writing scheme supports a harmonized
summary of the compiled scientific information to give answers to the most relevant
questions for the target groups.

This general article structure implemented on the website for all listed materials
within the knowledge base creates an expert-guided user experience with high recogni-
tion value. Complex information derived from scientific publications on the safe han-
dling of advanced and nanomaterials is presented in a structured, comprehensible and
comparable way. The increase of content complexity from basic articles to material-
specific descriptions of safety-relevant aspects with the corresponding scientific liter-
ature caters to the background and needs of the different stakeholder groups such as
interested citizens, journalists or scientists.

This information is supplemented by a FAQ collection and a glossary. If the website
visitors still have unanswered questions, they can directly interact with the expert team
behind the knowledge base via a contact form. Thus, an open discussion on the safety
of advanced materials and nanomaterials is facilitated.

5 Conclusion

Today, science has an even greater responsibility to provide fact-based answers and
to develop solutions to most urgent issues of current times, such as climate change,
health research or digitalisation. This responsibility also encompasses the major task of
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science communication. A dialog with the public must be conducted, current debates
must be presented in a factual manner, and the challenges and opportunities of new
scientific developments must be highlighted. Both funding agencies and EUwide policy
put currently big emphasis on the importance of science communication [25–27]. Sci-
ence communication needs to be driven by the scientists and has to become a constant
part of the science system. Besides the sharing of scientific outputs, the processes and
methods used to achieve these results need to be shared with the public to create more
transparency, explain the complex and provisional nature of scientific results and thus
strengthen trust in the scientific community. To initiate this transformation of science
communication becoming an integral part of the science system, e.g., in Germany the
initiative “#FactoryWisskomm” was set up in 2021. Within this think tank exchange for-
mat, representatives from politics, science communication and science journalisms have
formedworking groups around themost important topics to create recommendations and
strategic next steps for the field of science communication [28]. 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 presented in this paper, the concept of the web-based Knowledge Base Materials
provides processed fact-based structured results on the safety of advanced and nanoma-
terials (www.nanoobjects.info). This approach generated by an expert team of different
research disciplines (biology, chemistry, material sciences, toxicology) has successfully
set up this objective information source with easy online access for different stakeholder
groups. This processing of scientific findings is also transferrable to the novel develop-
ments in material science and the team is currently working on the generation of new
content for the novel classes of advanced materials. As with any scientific field, the
process is constantly monitored and adjusted accordingly upon recent updates from the
scientific community.

Taken together, the overall science communication activities of the team have
strongly contributed to the science and risk communication for nano- and now advanced
materials as part of risk assessment, thus promoting a sustainable and responsible use
of these materials in future.
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