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Evaluating the risks of
nanomaterials
The NANOSOLUTIONS consortium aims to transform the task of assessing the safety of engineered
nanomaterials by creating a simple prediction tool that can supersede the current laborious
testing process. This will be achieved by identifying a set of biomarkers of ENM toxicity, and will
help to increase commercial confidence in nanomaterials as well as enabling faster innovation.

C

urrent legislation that governs the safety classification of
engineered nanomaterials (ENM) in Europe is complex.
Each ENM has to be treated as a separate chemical and be
individually tested to assess its safety characteristics. This
means developing new materials using different nanoparticles is
both time-consuming and expensive.
If you take an element and add something to it, it changes its
chemical composition and it becomes a ‘new’ material. In the
existing legislative framework, each time a small modification is
made to a nanomaterial it becomes a new material, and each new
material needs testing, which is time-consuming and costly.
Consequently, there is a real need for ways to reduce the amount of
individual testing of ENM that is currently occurring, as this will
help to reduce the cost of developing ENM-based products and
speed up innovation.
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The main innovation of the NANOSOLUTIONS project will be the
development of the Engineered Nanomaterial Safety Classifier
(ENM Safety Classifier). This novel hazard profiling principle will
provide a basis for understanding and defining the toxic potential
of all types of ENM. It will be used by companies that manufacture
ENM and by a regulatory community to manage, reduce uncertainty,
and clarify the current debate, since it will provide the potential to
effectively “de-classify” many types of ENM in many applications
in terms of safety risks.
The development of the ENM Safety Classifier spans a number
of different disciplines. Here, we hear the perspective of three
different work package leaders, who explain just what the
classifier is and the experimentation work that is needed to
develop it. It is this work that will contribute to the final
Nanosolutions product.★
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Richard Handy

Dario Greco
Systems biology analysis - WP11
One of the main goals of the NANOSOLUTIONS consortium is to
create an ENM classifier - a model that can predict the effect of any
given nanomaterial. This is being done through what is known as
machine learning; we are essentially training a computer program
to know what is dangerous and what is not. The more data we input
into the computer, the better the program becomes at recognising
overlying patterns, after which it can extrapolate these patterns
to create general rules that will allow it to predict how unknown
nanomaterials will behave.
A number of the work packages in the NANOSOLUTIONS consortium are dedicated to gathering data on the biological effects of
around 40 nanomaterials when they come into contact with living
cells and organisms. This data is then collated in work package 11
and fed into a computer, which will then store this information so
that when it is shown a new, unknown material, it will be capable of
making an accurate prediction as to whether it is safe or not.

Richard Handy
Cross species models - WP7
A fundamental part of developing a classification system for nanomaterial safety is to identify the toxic effects that different ENMs
have across a wide range of organisms, from microbes to mammals,
and on different body systems. These effects are assessed by their
overall magnitude of toxicity – low toxicity, toxic, very toxic - using
detailed experimentation.
There are two main objectives. Firstly, the traditional hazard classification approach will provide both regulators and industry with
information in a format they can use now, within the current regulatory process, meaning the experiments will have an immediate
impact. Secondly, the samples from the experiments will be used
in the molecular biology and systems biology approaches being
used in WP10 (Omics Methodology) and WP11 (Systems biology
analysis), of the NANOSOLUTIONS project to provide the information needed for the ENM Safety Classifier.

The real challenge lies in identifying the features of the animals,
cells and nanomaterials that are useful in predicting the behaviour of the nanomaterials. There are hundreds of thousands, even
millions, of chemical and physical features in living organisms that
could potentially be useful to us, but we also know that the vast
majority of them will not be. Our challenge is to mine these useful
pieces of information out of a huge mass of data. In technical terms,
this is a feature selection problem; we need to select the smallest
number of features that can give us the most powerful information
for accurate classification.
The problem lies in the fact that with such a huge amount of data, it is
currently impossible to explore all the possible combinations. Using a
computer that could evaluate each combination in one second with
just 10,000 features, it would take 1079 years to go through them all.
No computer powerful enough exists yet to carry out the task in a
feasible time, and so a more holistic approach is needed to explore
the vast solution space.

The WP7 team will be exposing a variety of organisms to the nanomaterials, with the test methods varying from organism to organism. With the fresh water marine organisms, for example, the
nanomaterial is added to the water and a short-term study over a
couple of weeks is made, during which the physiological effects
on the organisms are monitored. Subtle changes are observed, as
the team is not trying to produce overt toxicity, but instead trying
to understand the organism response to the material.
A high standard data set from these experiments will be collected
so that we have the exact chemistry of each nanomaterial, as well
as the environment (e.g. the bodily fluids), to which they are being
exposed. The biological responses of the organisms at different
levels, from molecular through to organism biology, will all be put
into a systems biology model, where we are able to predict the
biological hazard from the chemistry and behaviour of the nanomaterial. We will also be able to use the model in reverse.
The project is working with a completely new data set of organisms
in order to ensure the quality of the data used in the systems biology
models. This ensures that the model will be robust and the data will
all be connected in some way. The molecular biology data will come
from the same tissue as the histology and biochemistry data, and
all will have been exposed to the same material. We are trying to
remove all those methodology biases by doing original experiments
in a very precise way that allows us to make a good model.

Dario Greco
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A genetic algorithm is a special type of solution space evaluation
algorithm that mimics natural selection, the key mechanism behind
Charles Darwin’s theory of evolution. In terms of NANOSOLUTIONS,
this involves grouping together features into, for example, 1000
random groups, each of which represents a solution. The predictive power of each of these solutions is then calculated, after which
the least effective solutions are disposed of. The more effective
solutions are then “mated” with each other in order to produce
a new population of daughter solutions (much like the genetic
rearrangement that occurs in natural populations), but this time
drawing from a narrower and more powerful selection of features.
This process is then repeated a number of times until only the most
relevant features remain.
We know that we won’t be able to explore all solutions using our
genetic algorithm, but we also know that this is probably the most
effective way of finding the closest we can get to an ideal solution.
Additionally to mating the best solutions, at each generation there
will be other events such as substitutions, deletions, or insertions of
new features, parallel evolving populations of smaller individual solutions mimicking viral infections, as well as local search operators
that will work on optimising the best solution at each generation.
Mimicking the evolution of natural populations will allow for the
evaluation of many solutions, helping to explore the data as much
as possible.
The algorithm will only need a couple of weeks computing time
using a high-end desktop computer for an accurate predicting tool
to be produced. However, the way the algorithm is designed will allow it to continue to evolve and become more accurate as new data
becomes available. From a computational point of view, we would
like the ENM Safety Classifier to also be a software package that can
be used by future projects and data generators. They will be able
to input new data so that the Classifier can continue to evolve. That
is the beauty of using a dynamic system – it can always carry on
learning when presented with new data.

Lang Tran
Safety classification - WP12

or new ENMs will also be produced. The development and design
of this will depend upon access to large volumes of data and information being retrieved and abstracted from the data repository
in the systems biology work package (WP11), in which all the data
produced by the partners, including the characterisation of engineered nanomaterials (ENM) and the study of their effect on cell
and animal models by a number of in vitro and in vivo experiments,
will be systematically collected, organised and analysed.
There are a lot of materials that can be described as hazardous. But,
if there is no exposure to humans, they can be safe; there will be no
risk. But we are not doing a risk classification. We are doing a hazard
classification, and in order to do that we need a lot of toxicology
data. Data mining and neural networking will be used to find the
traits that link the physical and chemical characteristics of the
nanomaterials with these toxicology results. Those correlations will
provide the basis of the Classifier.
At present, the data that will be used for the algorithms that will
provide the backbone of the classifier is still being collected. Once
this is done, the Classifier will be presented to industrial experts in
the form of a prototype computer program. There are a lot people
from industry, academia and regulatory bodies who have an interest in the production of nanomaterials, and so we will bring these
people together for a workshop where we can demonstrate how
the classifier works and also get feedback from them, so that we
can improve on it and also demonstrate that we have a viable solution to their needs.
Nanomaterials are being used in an increasing variety of industries, and it won’t be long before they are incorporated into the
mainstream. 20 years ago we were talking about micro-technology.
Now we just call it technology. We are now going through the same
cycle with nanotechnology, and if the NANOSOLUTIONS classifier
helps to speed up the process by giving people confidence in the
safety of these materials, we will have achieved our goal.

Lang Tran

The development and application of ENMs promises many benefits
to both society and the global economy. However, to ensure
responsible development of this emerging technology, governance must be put into place to ensure that any potential risk posed
by ENMs are fully understood and controlled. The regulatory
landscape is constantly evolving for all substances and products.
However, in the case of ENMs, challenges are greater because on
the nanoscale, properties of a material relevant to its safety and
effectiveness may differ from those on the bulk scale.
The idea for NANOSOLUTIONS is that it offers a solution to the
needs of industry operating within necessary regulatory circles to
be able to classify the hazards of nanomaterials. Classification simplifies and rationalises the description of nanomaterials. Different
materials can be put into different boxes depending on their physical and chemical characteristics in order to facilitate their management. If this doesn’t exist, each nanomaterial has to be dealt with
on a case-by-case basis.
The challenge for us is to do two things: not only will we classify
the materials as being safe or not, but also maintain an awareness
of the composition of the materials. That is something that takes a
long time to work out.
WP12 will develop an ENM Safety Classifier that can be used for
the reliable assessment of ENM safety. Based upon the resulting
design and data requirements of the model, specification for a high
throughput system for future testing and analysis of further refined
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