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Introduction
Nanoscience, the
science of the very
small (a billionth of a
metre), is supporting
the growth of a
technology predicted
to be worth many
billions of pounds
within a decade.

In 2004 the Royal Society and Royal Academy of Engineering published a seminal
report assessing the opportunities and potential risks of a new wave of technological
applications based on materials manufactured at the nanoscale – a billionth of a
metre. New nanomaterials such as carbon nanotubes that exploited unique physical
and chemical properties at these scales were being produced, with potentially huge
economic, health and environmental implications. Consumer products were already
appearing on the market. Nano was not a technology of the future, it was already here.
The Royal Society and Royal Academy of Engineering report drew on existing research
on unintentionally-produced nanoparticles (for example in atmospheric pollution
(‘ultrafines’), coal dust and asbestos). It also focused attention on the possible health
and environmental risks that novel manufactured nanomaterials might pose. The report
highlighted how little we knew about how manufactured nanomaterials could enter
the environment, how they might behave, their fate, and their possible effects on plants,
animals and humans.
In response the research councils, led by NERC, along with the Department of
Environment, Food and Rural Affairs (Defra), the Department of Health and the
Environment Agency, established a programme of research on hazard, exposure and
risks, including scientific understanding of how these novel nanomaterials interact with
the environment. The Environmental Nanoscience Initiative (ENI) was born.
It soon became clear that before research could begin in earnest, the UK needed
to build a community of scientists who could respond to the challenge. There were
already some scientists working on naturally-occurring nanomaterials (e.g., colloids in
aquatic systems), but overall this community did not exist.
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in the air, water and land. This would need to be underpinned
and validated by robust, high-quality scientific evidence. But
the sheer diversity of nanomaterials and the complexity of
their potential behaviour, biogeochemistry and biological
interactions in the environment made this an ambitious
challenge. To meet it, an international endeavour pooling
expertise, skills and knowledge across continents would be
needed. In 2008 NERC led the development of a far larger
bilateral research programme with the US, with the existing
funders in the UK being joined by the US Environmental
Protection Agency and Consumer Product Safety
Commission.

“…truly integrated,
trans-Atlantic teams
of scientists working
together…”

The programme launched a major call for proposals in 2009,
and three large, interdisciplinary UK-US consortia were
funded. These would not be loose coalitions of researchers
working in parallel, but truly integrated, trans-Atlantic
teams of scientists working together. The ENI pioneered
this international way of working in response to complex
environmental challenges. The sheer volume of high-quality
scientific publications listed in the annex to this brochure is
just one testament to how successful this has been.

In 2006 the ENI announced the first of two calls for small,
exploratory research proposals. These funded ten projects
investigating the fate and behaviour of nanomaterials
in surface and ground water, their impacts on fish and
invertebrates in aquatic and soil ecosystems and new
methods for visualising the particles in plants. A second call in
2007 resulted in a further seven funded projects specifically
looking at nanomaterials’ impact on microbial communities
in soils, sediments and water. This first phase was designed
to build capacity and pump prime research, creating a
community of scientists who could use their data to develop
larger proposals, for example to the EU’s Framework
Programme.

The rest of this brochure presents the research undertaken
by these three large consortia. The RAMNUC consortium
focused on impacts of nanomaterials from consumer
products (e.g., household sprays) and diesel fuel additives
on human health via the atmosphere. Research by the
TINE consortium concentrated on nanomaterials entering
wastewater treatment plants, their partitioning to sewage
sludge and effects after application of this to soils. The
NanoBEE consortium also investigated nanomaterials in
sewage plants, but its main focus was the behaviour and
impacts of nanomaterials in rivers and other freshwater
ecosystems.

Building on the successes of the first phase, plans for a
second began to emerge. It was clear from discussions with
many stakeholders that a major goal for this stage of the
programme should be developing models to predict the
fate, behaviour, bioaccumulation and effects of nanomaterials
through different pathways of exposure in the environment,

To responsibly develop and realise nanotechnology
innovations, we need to understand the risks to environment
and health they may produce. This in turn requires robust
scientific information about the environmental fate,
behaviour and impacts of nanomaterials, and robust tools
such as models to support decision-making. This is a longterm process, to which the work supported by the ENI
has made an invaluable contribution. It has helped build an
internationally-recognised community of scientists, fostered
real and lasting international collaboration, and – ultimately –
made a useful and very significant contribution to knowledge.
Sophie Rocks
Knowledge Exchange Fellow,
Environmental Nanoscience Initiative
Rothamsted Research

Bacteria treated with engineered nanoparticles.

Richard Owen
Environmental Nanoscience Initiative Coordinator

Sewage treatment plant at Cranfield
University (UK) showing the closed
systems used to treat sewage with
nanomaterials (TINE consortium).

Nanomaterials

in the terrestrial environment

Wheat growth and uptake experiments with sewage
sludge treated soil and electron micrograph of wheat
grain showing deposition of zinc.

A major gap in our current knowledge is how nanomaterials are introduced into the
terrestrial environment, their fate and behaviour there and how they can affect wildlife
and human health, for example via the food chain. This has been the primary focus of
the TINE consortium (Transatlantic Initiative for Nanomaterials in the Environment),
which includes researchers from Rothamsted Research, the Centre for Ecology and
Hydrology, Lancaster and Cranfield Universities in the UK and the University of
Kentucky, Duke University and Carnegie Mellon University in the US.
One major potential route by which manufactured nanomaterials (e.g., those used in
consumer products) enter terrestrial ecosystems is via sewage treatment plants, since
in many countries the biosolids (sludge) produced in these works are applied to land
to enhance crop growth. The consortium identified several important questions to
answer – how zinc, titanium dioxide and silver nanoparticles behave during sewage
treatment, how much (and in what form) they become incorporated in sludge, and
how they affect soil communities, plants and humans via the food chain.

Rothamsted Research

4

The researchers have compared the transport, behaviour, bioavailability, and effects
of ‘pure’ metal nanoparticles, metal nanoparticles in ‘aged’ form (those left exposed
to the environment for a period of time), and dissolved free metals to determine
whether the effects are due to the nanoparticle or the metal itself. They have looked
at organisms that perform key functions in terrestrial ecosystems, and compared the
impacts of nanomaterials with those of the same substances in larger (so called ‘bulk’)
forms. Another focus has been exposure pathways involving humans. The consortium
has also considered how different materials behave in the aquatic environment and
how the physicochemical properties of the materials influence this behaviour. The
findings have been used to develop models showing how the fate of nanomaterials
through sewage treatment plants influences their transfer to the terrestrial
environment and how this would affect important organisms. A key output has been a
first generation ‘Life-Cycle-Analysis-inspired Risk Assessment’ (LCA-RA) model for the
impacts of nanomaterials and aged nanomaterials in the terrestrial environment.
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Fate and behaviour in sewage treatment plants
and soils
During manufacturing, industrial and household use of
nanomaterials, some may escape into sewage. Using a
unique pilot sewage treatment plant developed at Cranfield
University, researchers investigated the behaviour and fate of
nanomaterials. Sewage treatment systems were designed to
generate biosolids which contained bulk metal or nano-metal
(at the regulatory limit for zinc in biosolids and the equivalent
for titanium and silver which are not currently regulated), so
as to understand the behaviour and effects of nanomaterial
containing biosolids when applied to soils and compare this
with untreated biosolids.
The researchers found that the nanomaterials in the sewage
treatment plant mostly ended up in the sewage sludge, with
low concentrations in the effluents of the treatment process.
Nanomaterial forms of silver or zinc oxide did not remain
as intact particles, being completely transformed within the
treatment plant.
The consortium also investigated what happens when
biosolids containing nanomaterials were applied to soils. In
a small-scale study, researchers spiked biosolids obtained
from a wastewater treatment plant in Lexington, Kentucky
with silver nanomaterials with a variety of particle surface
coatings. They then applied these biosolids to soils and
aged them for up to two months before comparing them
with the results of spiking soil directly with unaged silver
nanomaterials. They found that, while the particle coating
affected the nanomaterials’ movement in the environment
when spiked directly into the soil, the aged nanomaterials
behaved identically irrespective of the particles’ coating. This
demonstrates how the transformations during wastewater
treatment can negate the influence of the initial particle
coatings on nanomaterial behaviour.
Researchers at Rothamsted Research further studied the
behaviour of nanomaterials in soils and crops, and compared
their behaviour with that of bulk materials. They found
that silver from nanomaterial-treated biosolids gave higher
concentrations in drainage water than bulk silver treated
biosolids in the first three months, but over six months
they were similar and the overall rates of leaching were low.
Common soil extraction protocols for predicting mobility
and bioavailability in the environment suggested that these
were similar for the nanoparticulate metals and the bulk
metals in biosolids.
Impacts on soil communities and plants
TINE researchers also looked at the toxicity and metal
bioaccumulation of nanoparticle-treated biosolids. They have
shown that barrel clover grows less, has fewer nodules, and
accumulates more zinc when exposed to aged nanomaterialtreated biosolids compared with the bulk-treated biosolids.
Patterns of gene expression and the behaviour of the
soil microbial community were significantly altered by

the nanomaterial-treated biosolids. Wheat grown in the
nanoparticle-treated biosolids had a similar final mass to
that grown in the bulk-treated biosolids, and there was no
evidence that nanoparticles had migrated into the wheat
grain. Earthworms in the nanoparticle–treated biosolids
reproduced less than earthworms in the bulk-treated
biosolids. Calculations suggest that this was more likely to
be due to zinc than to silver or titanium. Overall, the results
suggest that current risk assessment approaches may not give
enough protection against zinc oxide nanoparticles that are
introduced into sewage treatment plants. Further studies at
lower concentrations are underway.
Key soil organisms, such as nematode worms, have been
studied to compare the bioavailability and toxicity of
laboratory-aged nanomaterials with ‘pristine’ nanomaterials.
These studies demonstrated that aged nanomaterials are
considerably less toxic than pristine nanomaterials, with
lower metal uptake, smaller effects on growth, mortality
and reproduction, and different patterns of gene expression.
Therefore ecotoxicity tests using pristine nanomaterials may
not accurately predict the toxicity of these materials once
they have been transformed in the environment.
Models to support risk characterisation
Models to support risk characterisation and decision making
are a significant output from the TINE consortium. The team
have developed an existing model of chemical transport
through watersheds to describe the transport of silver and
zinc oxide nanomaterials and their products from farmland
and into and through a river system. The model takes into
account how land-use patterns, topography, meteorology
and stream hydrology influence the transport and fate of the
nanomaterials.
The researchers also produced a Bayesian risk forecasting
model to predict the toxicity of silver nanomaterials. The
model provides a robust method for formally incorporating
expert judgments into a probabilistic measure of exposure
to and risk from nanomaterials. It can be easily adapted
and updated as additional experimental data and other
information on nanomaterial behaviour in the environment
becomes available.
A further output was a novel, functional assay-based
approach for predicting fate and effects of nanomaterials.
These tests incorporate nanomaterial properties and
environmental parameters which are known to be predictive
of their transport in the terrestrial environment, bioavailability
and toxicity.

Dr Thomas Ashton

Nanomaterials

in the aquatic environment
During manufacture, nanomaterials are likely to be introduced directly or indirectly
into the aquatic environment. Researchers within the NanoBEE (Manufactured
Nanoparticle Bioavailability and Environmental Exposure) consortium have
investigated the environmental fate and biological impacts of a range of important
nanomaterials, researching their inputs, interactions and behaviour over time. The team,
including researchers from University of Birmingham, University of Exeter, and Herriot
Watt University in the UK and Clemson University, University of California, and Rice
University in US along with the US Geological Survey, studied a range of nanoparticles
(including silver, ceria, zinc oxide and gold) with different sizes, surface chemistries and
coatings and shapes.

Freshwater snail Lymnaea stagnalis.

The consortium studied the biovailability and toxicity of these nanoparticles in a range
of aquatic organisms, from bacteria to fish, using both targeted toxicological assays and
non-targeted (transcriptomic and metabolomics) approaches. They further developed
and validated models that predict nanomaterial exposure, bioavailability and toxicity to
support hazard and risk assessment.
Development of a nanomaterial library
An important element of the team’s work was to produce a library of nanomaterials
of known physical and chemical properties, including their chemistry, shape, and
size. These well–characterised ‘pure’ materials were then used to test whether the
nanomaterials’ shape, size, chemistry or other properties were linked to bioavailability
and harmful effects.

NanoBEE consortium
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The methods used were designed to reduce or eliminate potential contaminants
that may affect toxicological testing – for example, organic solvents were eliminated
from manufacturing methods as these can alter the behaviour and toxicity of the
nanomaterials. The consortium developed isotopically-labelled nanomaterials to track
nanoparticles’ movement within environmental systems and organisms, and further
developed methods for clearly visualising nanomaterials. This allowed the researchers
to produce 3D reconstructions of nanomaterials and their interactions with proteins,
to form coatings, and other biological matrices.
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Understanding environmental fate and
behaviour
An important part of NanoBEE was to adapt and validate
computer models that predict how a nanomaterial moves
between different parts of the environment. Since the lack
of good-quality data is a major obstacle for validating these
models, the team studied gold nanoparticles used in medical
applications where the uses are more clearly defined and
certainty about data is greater. Even so there were significant
challenges in obtaining data but, despite this, the modelling
suggested that for this particular field of application there is
unlikely to be substantial environmental exposure or risk in
the medium term.
The researchers built small laboratory simulators for
wastewater and surface water systems, and used them
to examine and characterise the fate, transformation and
behaviour of silver nanomaterials in the environment.
Knowing what form a nanomaterial takes in the environment
is important to understand exposure, uptake in organisms
and likely ecotoxicological impacts. In wastewater systems
and surface waters, both synthetic and environmental
coatings were found to play a significant role in persistence
of the nanomaterial. The presence of either a polymer
coating or a natural organic coating on the nanomaterial
increased its stability and slowed aggregation of particles,
suggesting that the material coating (either manufactured
or naturally-occurring) is likely to affect its behaviour and
transport of materials within the system.
In further studies at realistic environmental concentrations
of nanoparticles, the relative importance of dissolution
and aggregation changed when compared with higher
concentrations. At high concentrations, much used in
previous environmental research, aggregation is significant. Yet
at lower concentrations, which are environmentally realistic,
dissolution of silver nanomaterials to silver ions was found to
be more important and particle aggregation less important.
The speed at which aggregation takes place is directly related
to particle concentration; reduced aggregation maintained
the particle’s high specific surface area which promoted
dissolution.
Bioavailability, bioaccumulation and toxicity
The NanoBEE consortium used models to design
experiments aimed at studying the influence of nanoparticle
concentration, water quality, and coatings on the
bioavailability and toxicity of a range of nanomaterials and
non-nanomaterial metal salts.
Labelled silver nanoparticles in water and in feed were
used to investigate the concentration-dependent uptake of
silver in freshwater snails. The accumulation of silver from
nanoparticles was detected in tissues at low concentrations
in water or feed, with uptake rates being largely linear
over a wide range of particle concentrations. At low
waterborne concentrations most of the silver came from the

dissolved nanoparticles, but at higher concentrations 80%
of the bioaccumulated silver originated from the particles
themselves. The noted differences in behaviour between the
non-nanomaterial salt and the nanoparticles were observed
under a range of conditions and suggest that a nano-specific
mechanism of uptake may occur. These studies will be
further examined to provide detailed transcriptomic and
metabolomic profiles of organisms to investigate mechanisms
of action.
The NanoBEE team also investigated uptake rate across
a range of different water qualities, including the hardness
of the water, which they found significantly affected
bioavailability from waterborne silver nanoparticles when
compared with that of silver ions. However, experiments
showed that water hardness had no effect on silver delivery
from silver nanoparticles presented in the diet. Uptake of
silver from nanoparticles was either increased or not strongly
affected by the presence of naturally-occurring organic
material such as humic acids but was substantially reduced by
cysteine which is found in many proteins due to the creation
of a soluble silver-cysteine complex that, in turn, reduced the
bioavailability of the nanoparticles.
The same model organisms and particles were used for
bioavailability and toxicity studies, allowing links to be made
between the two. Bioavailability is almost by definition a
precursor to toxicity, but the linkages are complex due to
nanoparticle transformation and the diversity of possible
exposure routes. Substantial amounts of research have been
performed to understand the relative roles of waterborne
and diet-borne uptake and toxicity, as diet is often a key
mode of exposure. Toxicity and mechanism of toxicity
differences between inorganic nanoparticles and both larger
particles and dissolved phase metals have been partially
explained.
The researchers used their data on nanomaterial fate
and transformation in wastewater treatment systems to
develop validated models of fate and behaviour (dissolution,
aggregation, diffusion) in freshwater systems. In a simplified
freshwater food chain comprising of the green alga
Chlorella vulgaris and the crustacean Daphnia magna, silver
nanoparticles had lower uptake rates than the dissolved silver
and showed a similar reduction in toxicity. In general, higher
uptake values in alga were related to higher toxicity, and
electron microscopy was used to show the presence of silver
nanoparticles in alga when exposed to higher nanoparticle
concentrations. Dietary update of silver by daphnia was
possible for both aqueous and particulate forms of silver.
A detailed investigation of a range of organisms, including
bacteria, algae, daphnia and fish, provided information on
the links between nanomaterial characterisation and dose,
biouptake and toxicity.

Investigating

public health risks from
atmospheric exposure

Electron micrographs showing nanoparticle structures for
two nanotechnology-based consumer sprays containing
zinc oxide.

A consortium involving the National Heart and Lung Institute and the Department
of Materials at Imperial College London, and Rutgers University and Duke
University in the US has researched human health risks associated with atmospheric
exposure to manufactured nanoparticles. The RAMNUC team (Risk Assessment for
Manufactured Nanoparticles used in Consumer Products), working in partnership
with Public Health England, used a range of experimental and computational
approaches to understand and predict environment and health risks associated with
nanoparticles. It focused on zinc oxide and silver nanoparticles readily available in
consumer sprays, and ceria nanoparticles present in diesel fuel additives. The team
wanted to understand how toxicity of these nanoparticles, which occur as complex
mixtures in consumer products, change (for example, by agglomeration) as they
enter and move through the atmosphere and become inhaled, and how this affects
their toxicology particularly through the inhaled route into the lungs.
Fate and behaviour of nanoparticles in consumer spray products
Many consumer products containing nanomaterials are available on the market.
Humans are also exposed to a wide range of naturally-occurring and anthropogenic
(due to human activity) particles every day, for example from vehicle exhausts. The
consortium studied five household sprays (used as cleaning products, sun screen, skin
anti-fungicides, and dietary supplements) and found that consumers may be exposed
to a wide range of particle sizes. However, for most of these sprays, consumers are
likely to inhale particles larger than 100 nm. Aerosol nanoparticles (14-100 nm)
were released from all of the sprays, but these were found to occur at lower mass
concentrations.
The researchers undertook a study in which cosmetic powders were applied to the
face of a human mannequin. They found that exposure would be predominantly to
agglomerated particles larger than 1-100 nm. At this size range, this would suggest
that nanomaterials would predominantly be deposited in the airways in the head
and tracheobronchial regions, rather than in the deeper alveolar regions of the lung,

RAMNUC consortium
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as would be expected for smaller nanoparticles and would
reduce the potential for the particles to enter the blood
stream.
They also found that bioreactivity in lung cells isolated from
human lung tissue varied with both the type of particle (e.g.,
zinc oxide or silver) and the carrier solution in which these
occurred. Using a combination of advanced characterisation
techniques and cell viability assays, the group has characterised
how the engineered nanomaterials dissolve and transform in
different environments (such as differing acid, proteins and salt
conditions) and following incubation with cells. For example,
the lung lining fluid, and particularly compounds within lung
surfactants, can reduce the aggregation of nanoparticles and
can delay silver ion release, while inside the human alveolar
cells, silver nanowires can be dissolved and subsequently
transformed into the highly insoluble silver sulphide.
When the lung cells were exposed to a commerciallyavailable antifungal spray consisting of nanoparticulate silver
suspended in water, toxic effects were not observed; neither
were they observed when the nano-silver and water were
separated from each other and tested alone. However,
when a commercially-available cleaning product, also
containing nanosilver, was tested, it exhibited significant toxic
effects. These effects reflected a combination of increased
inflammatory response due to the cleaning product solvent
alone and reduced cell viability due to the silver nanoparticles
alone.
The solvent-dependent effect demonstrates the importance
of testing nanomaterials as they occur in commercial products
themselves, as experienced by the consumer, as well as in
isolation. A similar finding was reported for zinc-containing
sprays, where the relative toxicity of the whole product,
the zinc nanoparticles alone and the solvent carrier alone,
varied between products and depended on the type of spray
involved. Overall these studies suggest that inhalation of
nanoparticle-containing sprays could damage health and that
the particle size and solvent used in the product may also
change the fate, behaviour and toxicity of the particles in these
products.
Impacts of nanoparticle-containing fuel
additives
A second focus for the RAMNUC consortium was to
investigate the fate, behaviour and toxicological effects of ceria
nanoparticles that are added to diesel fuels to improve fuel
combustion efficiency. Researchers studied the impact of a
commercial nanoparticle-containing additive on the emission
of particulate and gaseous pollutants from a single-cylinder,
four-cycle diesel engine. They found that adding ceria reduced
certain harmful emissions (including carbon monoxide, carbon
dioxide, total particle mass, formaldehyde, acetaldehyde,
acrolein and several polycyclic hydrocarbons) and increased
emissions of nitric oxide and nitrogen dioxide. However,
there was also an increase in the number of ultrafine particles

emitted per unit electricity generated by the engine.
When cultured human lung cells were exposed to ceriacontaining diesel exhaust particulates the inflammatory
response was reduced compared with those from untreated
diesel, particularly at the higher concentrations of the ceria,
suggesting an anti-inflammatory action. The RAMNUC group
also found that variability in the innate immune responses in
white blood cells (monocytes) was linked to changes in size
and electrostatic charges of the diesel exhaust particulates
induced by the presence of ceria. Further in vivo work
showed that ceria-containing exhaust particulates caused
less lung inflammation than exhaust particulates from
untreated diesel, suggesting that the addition of ceria-based
fuel additive resulted in particulate emissions that caused less
inflammatory effects in the lung.
Modelling toxicity and health risks
The sheer number of products and applications containing
nanoparticles, the equally diverse potential routes of
exposure in the environment and the vast range of
organisms that could be affected, poses significant
challenges for understanding the health risks they pose.
This is compounded by the physical and chemical changes
nanoparticles undergo when they occur as complex mixtures
– both in the products themselves and when they enter
the environment. The RAMNUC team took a modular
modelling approach that includes use of a geographic
information system (GIS) and particle size data to identify
possible exposure to silver nanoparticles in both indoor
and outdoor environments, in order to capture realistic
exposure scenarios at a population level. This was combined
with predictions of biological responses at the level of
cellular and lung function (e.g., airway resistance) using agerelevant physiological data to understand how the uptake of
nanoparticles and the doses received by different parts of
the body varies across populations.
The team has also developed models of particle fate,
behaviour and toxicity in vitro, using a computer model of
how cells interact with nanoparticles derived from data
collected from human cell culture systems. This can be used
to analyse the effects of nanoparticles on living cells by
predicting changes in their cellular mechanisms. They have
also modelled the effects of nanoparticles throughout the
lung to provide estimates of particle transport across the air
and biological fluid interface and the final expected dose for
both coated and uncoated particles.
The RAMNUC project emphasises the importance of
characterising exposure to nanomaterials at the point of
source as well as in the final commercial product as the
toxicity of these products should be taken as a whole and
not only focused on only the nanoparticle component or the
nanoparticles in the form that they were when initially added
to the products.

Legacy
Research under the Environmental Nanoscience Initiative, in parallel with other
funded projects, has provided important fundamental understanding of how
nanomaterials enter and move through the natural environment, how they change
in the environment and how they might affect plants, animals and human health.
The science it has supported has been of the highest quality. The ENI has played a
major role in building an international community of world-leading environmental
nanoscientists, developing a way of working collaboratively across continents and
disciplines. In this respect, much has been achieved since the Royal Society and Royal
Academy report of 2004.
In truth this journey is still ongoing, as the sheer diversity of nanomaterials and
the complexity of their behaviour and interactions in the environment presents a
daunting, but not insurmountable, challenge. When manufactured nanomaterials enter
the environment (intentionally or otherwise) they have great potential to move,
transform and interact with other naturally-occurring substances. ENI research shows
that the type of nanomaterial, its coating, size, chemistry and functionality is important
in determining the types of change and interaction that occur.
ENI has allowed scientists to work together across borders to understand the
complexities associated with nanomaterials, taking a robust, systematic approach
that pools strengths and expertise across disciplines. A key output from this has
been models that can be used to describe the journey of nanomaterials through the
environment and the impacts they might have on environment and human health –
models that can be freely used by all.
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Many questions remain, such as how the models apply
to second- and third-generation nanomaterials, end of
life disposal and recovery. However, the research has
shown that there are relationships between the materials’
physicochemical properties and their effects on organisms in
the environment, and that these can be modelled. There is
still a pressing need for high-quality data to ensure that these
models are applicable to different nanomaterials of different
sizes and surface chemistries. Translating these models into
specific contexts of use is an ongoing process of knowledge
exchange.
There are no plans for a ‘third ENI’, but NERC and others
will continue to support research in this area. NERC
recently funded three major projects under its ‘Highlight
Topics’ scheme. These will further investigate nanomaterial
transformations, exposure, uptake and effects in freshwater
and soil systems; research the environmental fate and
toxicology of nanoplastics; and characterise nanomaterials
in the environment. Supporting this kind of high-quality,
independent research is crucial for hazard and risk
assessment, and for the development of robust and useful
tools to underpin evidence-based decision-making.

Many of the questions that exist are fundamental scientific
ones around nanoparticles’ environmental behaviour,
transport and biological interactions: these will not
necessarily be funded by industry alone. Programmes
such as the ENI play a key role in society by signalling the
importance we place on this, developing and maintaining an
important and necessary set of scientific competencies and
independent community of scientists. This can both help us
understand more about our natural world and ensure that
nanotechnologies are safe and do not pose significant harm
to the environment and our health. It can also support the
responsible development and long-term sustainability and
acceptability of nanotechnologies, both now and in the future.
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