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industry.

The guide contains information and
practical advice to help individuals and
businesses manage nanomaterials as
part of their work activities.
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Information currently available about Even problematic nanomaterials — Additionally, material ageing and

the health risks from nanomaterials is such as long, straight CNTs — will exposure to weather over time can
based on laboratory research rather than  not be hazardous as long as they are increase the risk of free nanoparticles
on cases of ill health in workers. The embedded in a solid, stable structure. being released, although again the
results of studies are often inconsistent The toxicity only becomes a problem if number of studies that have assessed
or inconclusive due to variations in workers are exposed to nanomaterials this is small. Significantly more

the methods and exact test materials in the form of dusts or aerosols, eg research is needed to provide robust
used. For example, amorphous silica during construction or demolition evidence on the likelihood of free
nanoparticles? are considered to be activities. Only a small number of nanoparticles being released during
relatively low risk, with any ill effects studies have assessed the impact of construction and demolition activities.
being largely reversible. However, these processes. Some of these studies

there is insufficient evidence to declare have found that nanoparticles remain

nanosilica as ‘safe’, particularly as there attached to fragments of the underlying

are so many different forms of it in matrix when products such as concrete

use. The situation is similar for other or coatings are broken down. In this

nanomaterials, with wide variations in case, the particles would be too large

the materials used and relatively little to penetrate deep into the lungs.

conclusive evidence regarding toxicity. However, the research is limited and

a few studies have found evidence of
free nanoparticles being released.

2 Nanosilica is nearly always amorphous. This form of silica is not the same as crystalline silica found in cement-based products, which is recognised
as a major hazard in the construction industry, particularly as a dust.
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4.2 Insulation

Nano-enabled insulation materials

are generally based on silica aerogels.
These are formed by replacing the
liquid in an amorphous silica gel with
air, leaving a material that is around 97
per cent air in a silica framework.

Aerogels are commonly described as
being ‘nanoporous’ or ‘nanostructured’,
and as not containing nanoparticles.
The aerogels can be added to a fibre
matrix to form insulating blankets,
which can be wrapped around pipes
or applied to plasterboard (see Figure
4). Aerogels can also be used as
translucent granules in walls or ceiling
materials to allow daylight entry; or
enclosed inside impermeable laminates
to form vacuum-insulated panels (VIPs).
These materials are highly effective
insulators, but are expensive and
currently not widely used outside

of specialist projects.

4.3 Concrete

Nanosilicas with various particle

sizes can be added to concrete (eg
silica fume, fumed silica) to produce
materials that are stronger, achieve
strength earlier, or are self-compacting.
These have been available for many
years, although usage in most countries
is still relatively low.

Titanium dioxide particles provide
concrete with self-cleaning properties
due to photocatalysis and can also
reduce atmospheric pollution. Usage
appears to be very limited at present.

CNTs can be added to concrete to
improve strength and potentially
allow electrical conductivity. CNTs are
expensive and difficult to work with.
Only one CNT-enhanced concrete,
launched in 2016 in the USA and
subsequently in Eastern Europe
following large-scale field trials,
appears to be commercially available.

B Loughborou,
Uni\gt’:sily A

Figure 4: A selection of aerogel blankets, and the internal structure of
one, showing aerogel particles around a polymer fibre?

3 The particles contain nanoscale holes or pores, but are not nanoparticles: the scale bar is 2 pm (2,000 nm) and the particles would need

to be 1/20th the size of this or smaller to be nanoparticles.
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4.4 Coatings

Coatings are the most numerous

and readily available nano-enabled
products in construction, available for
both professional and DIY use, as well
as being applied to products during
manufacture. Many coatings contain
silica (either as particles or in polymers)
and are sold as having waterproofing
or easy-clean/dirt-repellent properties.

Coatings may also contain titanium
dioxide nanoparticles, which provide
self-cleaning properties through
photocatalysis; or antimicrobial silver
nanoparticles (although not all silver
antimicrobials are nanoscale).

CNTs can be added to coatings to
provide strength, corrosion resistance
and conductivity, but only a very

small number of such products are
commercially available. Graphene is
reportedly used in this way. Figure

5 shows a product that is advertised

as containing graphene, although
microscopy shows nanoscale graphite is
the probable content of the nanoplates.
These are much thicker than graphene
nanoplates (which would be only a few
nanometres in thickness). Carbon black
(which is made up of spherical particles,
not fibres) is a much more commonly
used (and familiar) nanomaterial. It is
used, for example, for shielding against
radio waves.

This is a cross-section of a nanoplate.
Each nanoplate is about 500-2,000 nm
(0.5 ym=2 pm) in length and in depth

Each nanoplate is about
100-200 nm thick

EHT = 5.00 kV
WD= 4mm

Signal A = InLens
Photo No. =3111

2um
Mag = 20.71 KX |—|

Figure 5: Electron microscopy picture showing a nanoscale graphite coating*

4Multiple layers of graphene, stacked together to form plates that are around 100-200 nm in their smallest dimension.
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5.1 Guidance for those
working in construction
and demolition

Manage existing risk

Construction and demolition are
hazardous industries in their own right,
and the use of most nano-enabled
products is not likely to increase the
hazard level substantially. For example,
the presence of amorphous nanosilica
and silica fume particles in concrete
may not add significantly to the major
risk already present from respirable
crystalline silica dust. Similarly, organic
solvents used in coatings are likely to
be a more significant risk at application
than the presence of nanosilica
particles. The priority, therefore, must
be to ensure that good practice is
integrated into all construction work,
managing risks from both existing and
new materials.

Ask questions

Where new materials are being used
with novel properties, designers,
construction professionals and those
who supply materials should be more
inquisitive. They should be asking
guestions of their suppliers and of
the manufacturers: not just ‘what
substance is in this product?’ but
‘what size and shape are the particles
in this substance?’ In particular, users
should ask suppliers of novel products
whether they contain nanofibres or
nanoplates, particularly those which
are greater than 5 um in length, as
fibres above this length can be more
difficult for the body to clear. It is
recommended that they seek specialist
guidance if such fibres or other
particles are present.

Balance benefit and risk at the
design stage

As discussed earlier, nanomaterials
vary in their toxicity. Furthermore, they
may be specified in designs because
they have the potential to reduce

or eliminate hazard. For example,
self-cleaning glass reduces the need
to clean the window and hence
work at height; paints and coatings
with a longer life reduce the need
for re-application. It's important for
designers to explore benefit and risk
by asking questions at the earliest
stage. Where risk outweighs benefit,
or where risk is high (regardless of
benefit), less hazardous products
should be specified.

Record where nanomaterials are

If designers and specifiers have
stipulated that they require products
that contain nanoparticles, particularly
if these are fibres or other HARNS, they
should record the nature and location
of the nanomaterials. This information
could be recorded in the CDM health
and safety file or the BIM. This will
enable future generations to respond
suitably once more detailed knowledge
regarding toxicity is available.

Use risk control measures for
nanomaterial-based products
Wherever possible, site risks should be
controlled through the use of collective
measures, such as extraction and

dust suppression. Personal protective
equipment (PPE) may be required
where control is not possible by any
other means, or to provide secondary
protection. If liquid nanomaterials are
being used (eg spraying coatings onto
a surface), then a full-face mask with a
P3 filter should be used. Otherwise, an
FFP3 filtering half-mask will provide a
suitable level of protection, provided it
is properly face-fitted.

This is the same standard of mask that
is recommended for protection against
quartz silica and other hazardous
materials in construction. Although
the pores in such a mask are larger
than nanoscale particles, the particles
will be attracted to the mask fibres

by electrostatic and other forces, and
thus prevented from passing through.
Nitrile-coated gloves and non-woven
clothing (such as fleece for dry
products, and Tyvek for liquids and
aerosols) are also recommended.

A higher level of protection should be
considered if there is a risk of exposure
to CNTs or other HARNSs. Here, the HSE
advises that an FFP3 mask is sufficient
if used in addition to other control
measures, but that a mask with an
assigned protection factor (APF) of

40° should be used if uncontrolled
airborne CNTs or similar substances
are present. Currently, CNT-enhanced
building products are rare, but they
may become more widespread in the
next few years.

A summary of the recommended
construction or demolition phase
actions in relation to nano-enabled
construction products is presented
in Figure 7.

> A mask with an APF of 40 typically reduces exposures to around 1/40th of the level in the atmosphere. More commonly used FFP3 masks have an
APF of 20, reducing exposure to 1/20th, ie no more than 5 per cent of the contaminant will get through the mask provided it is face-fitted and used

appropriately.
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Is the product labelled
or identified as ‘nano’
in some way?

No

Does it have nove\_ Is the product based Yes Follow usual best
or unexpected properties? on a nanofilm?

practice for construction

No or
don’t know

- Seek specialist advice
= Balance risk/benefit when deciding whether to proceed
mmmmma  \Vith use, particularly if fibre or plate length exceeds 5 pm
- Record product details in H&S documentation

(eg H&S file or BIM)

Is the lﬁateria\ a high aspect ratio Seek further information from
nanomaterial (HARN), eg CNT, graphene, supplier or manufacturer on

nanographite? particle/fibre/plate dimensions

No or
don’t know

Is the product sold as being:
- electrically conductive or able to block wifi; or
- unusually effective for anti-fouling, anti-corrosion, fire resistance; or
- a very high-strength or abrasion-
resistant concrete?

Ask supplier/manufactu
further information

No
Is the material a high aspect ratio
nanomaterial (HARN), eg CNT, graphene,
nanographite?
= Follow usual practices on hierarchy of control
- Follow instructions on safety data sheet
= Report product details in H&S documentation
(eg H&S file or BIM)
- If PPE is required, use FFP3 for dusts; P3 for aerosols
- All PPE must be face-fitted and properly maintained
- Nitrile gloves and non-woven fabrics (eg fleece, Tyvek)
are recommended
Is the product sold as being:
- photocatalytic or self-cleaning; or
= superhydrophobic, highly water repellent or stain repellent; or
S

= highly antimicrobial; or

- a high-strength or self-compacting concrete; or
= aerogel-based insulation?

Is the product labelled as a
‘nanomaterial’ but no further
information is available?

Ask supplier/manufacturer for
further information

Figure 7: Summary of construction or demolition risk management for work involving
nano-enabled construction products
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5.2 Guidance for
manufacturers of
nanomaterials or products
which contain them

Consider risk at an early stage,
designing it out where possible
Manufacturers must consider the
potential health risk from new
nanomaterials at an early stage of
development and recognise it as a key
factor alongside functionality and cost.
This information can then be used to
support decisions to discontinue the
development of problematic substances
or to find ways to redesign them.
Nanomaterials can be made ‘safe by
design’: toxicity can be reduced, for
example, by making CNTs shorter

or graphene particles smaller. Other
modifications can also reduce the
potential for harm, such as adding
particular chemical elements or
molecules, attaching particles to larger
structures, or improving the stability of
nanoparticles within matrices.

Those developing construction products
that contain nanomaterials should
review the appropriate toxicity data and
balance the risks and benefits of using
nanomaterials.

Share information widely

and effectively

Information about the nanomaterials
used in products should be shared with
suppliers and users downstream. For
example, manufacturers could comply
with ISO guidance on how to complete
safety data sheets in respect of nano-
enabled substances.® If companies
voluntarily followed such guidance and
operated 'good practice’, this would
provide useful information for industry
to support their risk assessments and
would also facilitate research on the
real-world impact of the materials
being used.

6 Nanomaterials — preparation of material safety data sheet (MSDS). ISO/TR 13329:2012.
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5.3 Research needs

There are very few research studies
that assess workers' exposures to
nanoparticles and nanofibres during
construction and demolition. Additional
work is needed to assess the exposure
impact of construction products in
real-work situations and scenarios.
Such research would be made easier
if products were better labelled and
described by manufacturers.

This research needs to develop
alongside research strands that assess
nanomaterial toxicity — these often
focus on specific nanomaterials in their
‘pristine’ condition, but need to be
extended to assess the toxicity of dust
arising from the use of nano-enabled
construction products.
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