ENVIRONMENTAL HEALTH AND SAFETY: THE ENERGY SECTOR

Exposure to chemicals in the energy sector may be quite diverse. In this report the safety
evaluation will be limited to the engineered nanoparticles intentionally produced. A number of
nanoparticles have been identified in the overview of commercially-available products as
being used in energy products (see section on Products in Energy). These include Carbon,
Copper oxide, Gold, Graphene, Multi-walled carbon nanotube (MWCNT), Nickel monoxide
(nickel oxide), Strontium titanate (strontium titanium trioxide) and Titanium dioxide (titania,
rutile, anatase).

A risk-banding tool called Stoffenmanager Nano™? has been used to prioritise the health risks
occurring as a result of respiratory exposure to nanoparticles for a broad range of worker
scenarios.

The respiratory route is the main route of exposure for many occupational scenarios, while the
oral route of exposure is considered minor and sufficiently covered, from a safety point of
view, by good hygiene practices established in production facilities as prescribed through
general welfare provisions in national health and safety legislation in EU countries (ECHA
2012)3. In view of the nature of the products in this sector, oral exposure of consumers is also
considered to be minor.

The dermal route may be the main route of exposure for some substances or exposure
situations, and cause local effects on the skin or systemic effects after absorption into the body
(ECHA 2012). However, nanoparticles as such are very unlikely to penetrate the skin
(Watkinson, et al. 2013), and consequently nano-specific systemic toxicity via the dermal route
is improbable. Therefore, when evaluating risks from nanotechnology for the respiratory
route, the most important aspects of occupational and consumer safety are covered.

Hazard assessment of nanoparticles

In Stoffenmanager Nano, the available hazard information is used to assign specific
nanoparticles to one of five hazard bands, labelled A to E (A= low hazard, E= highest hazard).
The table below presents an overview of selected nanoparticles of the energy sector and their
hazard bands, either taken from le Feber et al. (2014)* or van Duuren et al. (2012), or derived
in this project.

Hazard bands for the specified nanoparticles

Nanoparticles Hazard band Source
Carbon Needs specification, may be carbon black,
carbon nanotubes, fullerenes or graphene
Copper oxide E This report
Gold D van Duuren et al.
(2012)

1 Marquart, H., Heussen, H., Le Feber, M., Noy, D., Tielemans, E., Schinkel, J., West, J., Van Der Schaaf,
D., 2008. 'Stoffenmanager’, a web-based control banding tool using an exposure process model. Ann.
Occup. Hyg. 52, 429-441.

2 Van Duuren-Stuurman, B., Vink, S., Verbist, K.J.M., Heussen, H.G.A., Brouwer, D., Kroese, D.E.D., Van
Niftrik, M.F.J., Tielemans, E., Fransman, W., 2012. Stoffenmanager Nano version 1.0: a web-based tool
for risk prioritization of airborne manufactured nano objects. Ann. Occup. Hyg. 56, 525-541.

3 ECHA, 2012. Chapter R.14: Occupational exposure estimation in: Anonymous Guidance on
Information Requirements and Chemical Safety Assessment., Version: 2.1 ed. European Chemicals
Agency, Helsinki, Finland.

4 Le Feber, M., Kroese, E.D., Kuper, C.F., Stockmann-Juvala, H., Hyytinen, E.R., 2014. Pre-assigned hazard
bands for commonly used nanoparticles. TNO2014 R11884.



Graphene E This report

Multi-walled carbon nanotube (MWCNT) E This report

Nickel monoxide (nickel oxide) E This report
Strontium titanate (strontium titanium n/a This report, no data
trioxide)

Titanium dioxide (titania, rutile, anatase) B le Feber et al. (2014)

Based on the provided overview of commercially available products, engineered
nanomaterials are present in the products as part of a matrix (e.g. coating). No free solids or
liquids containing engineered nanomaterials were listed, which can become airborne during
the use-phase, were encountered. During the production of these solar products, employees
can be exposed to free engineered nanomaterials.

The use of solar products results in an exposure band 1 with respect to nanomaterials
(workers and consumers), whereas during the production of solar products an exposure band
4 (workers) is believed to be realistic as spraying of a nanocoating results in the highest
relative exposure.

The identified products in the sub-sector storage are diverse, ranging from nanomaterials that
go into final products (e.g. (parts of) batteries). SMEs account for the lion’s share of producers
while large private companies (PCO) only play a minor role.

Based on the provided overview of commercially available products, engineered
nanomaterials present in the products may be part of a matrix or be part of free solids or
liquids, which subsequently may become airborne during the use-phase.

In conclusion, the use of storage products results in an exposure band 1 (workers and
consumers) if nanomaterials are in a matrix, whereas the use of solids or liquids results in an
exposure band 2 (workers) due to the relatively low concentrations of engineered
nanomaterials as the majority of these products are produced by SMEs.

In the Hydrogen sector, only two products with nanomaterials were identified; a final product
(nanomaterial unknown) and a nanomaterial (copper nanowires) that goes into a final
product.

Based on the provided overview of commercially available products and the limited number of
products, we are not able to draw conclusions regarding the exposure assessment for the sub-
sector Hydrogen.

Alternative products are for a large part carbon-based nanomaterials that go into final
products for the energy market. These nanomaterials include surface coatings and raw
materials including graphene and carbon nanotubes.

Based on the provided overview of commercially available products, engineered
nanomaterials present in the products may be part of a matrix or be free solids or liquids,
containing engineered nanomaterials which subsequently can become airborne during the
use-phase.



In conclusion, the use of Alternatives products results in an exposure band 1 (workers and
consumers) if nanomaterials are in a matrix, whereas the use of solids or liquids results in an
exposure band 2 (workers) due to the relatively low concentrations of engineered
nanomaterials as the majority of these products are produced by SMEs.

The items which were not assigned to a sub-sector include only three commercially available
products whit a large range of variability, from graphene based materials to thin film coatings
for windows.

Based on the provided overview of commercially available products and the limited number of
products, we are not able to draw conclusions regarding the exposure assessment for the sub-
sector other.

The hazard and exposure bands are combined to yield so called priority bands, according to
the scheme depicted in the table below. A high priority implies that it is urgent to apply
exposure control measures or to assess the risks more precisely, and a low priority implies that
it is not very urgent to apply exposure control measures ort to establish the risk involved with
more precision. It should be emphasized that because of the scarcity of available information,
the scheme is set in a conservative way (according to the precautionary principle).

T~ Hazard band
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Expasure band—_
1 3 3 3 2 1
. 3 3 2 P 1
3 3 2 2 1 1
| 2 1 1 1 1

Key:

Hazard: A = lowest hazard and E = highest hazard;

Exposure: 1 = lowest exposure and 4 = highest exposure;

Overall result: 1 = highest priority and 3 = lowest priority (Van Duuren-Stuurman, et al. 2012).

Risks based on the hazard and exposure banding applied to the energy sector are listed the
table. Due to lack of data on production and use, no risk estimates can be presented for the
sub-sectors “Hydrogen” and “Others”.



Exposure band

Solar Solar - use Alterna- Alternativ Storage — Storage
-production tives es - use produc- - use
— produc- tion
tion
Hazar
Nanoparticle d 4 1 2 1 2 1
band
Carbon n/a n/a n/a n/a n/a n/a n/a
Copper oxide 1 1 1 1 1 1
Gold D 1 2 2 2 2 2
Graphene 1 1 1 1 1 1
Multi-walled
carbon E 1 1 1 1 1 1
nanotube
(MWCNT)
Nickel monoxide E 1 1 1 1 1 1
Strontium
—— n/a n/a n/a n/a n/a n/a n/a
Titanium dioxide
(titania, rutile, B 1 3 3 3 3 3
anatase)
Zirconium dioxide | A 2 3 3 3 3 3

The high hazard materials are towards the E end of the ranking while the high exposure
materials are towards the 4 end of that ranking. Thus the materials with the lowest risk will
have hazard A and exposure 1 and those with the highest risk will have hazard E and exposure
4. There are, however, materials of moderate risk and low exposure that are less risk
potentially that lower risk materials with high exposure.

The materials copper oxide, graphene, MWCNTs and nickel monoxide have a high priority (1),
indicating the need to apply exposure control methods or to assess the risks more precisely.
Gold is of medium priority (except in solar energy production) while titanium dioxide and
zirconium dioxide showed the lowest priority profiles of the materials considered, being in the
lowest priority category (3) for all life cycle stages examined except for the production phase in
the solar energy subsector).
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