
Described in a recently published paper, researchers from 
LGC, the UK’s designated National Measurement Institute for 
chemical and bioanalytical measurement, have developed 
a new method for the characterisation of titanium dioxide 
particles in sunscreens, which involves the development of 
an improved extraction method for nanoparticle isolation.

Nanoparticles are already incorporated in over 1300 commercial 
products from food and consumer products to electronics, 
automotive and medical products. The increased use of 
nanotechnologies is driven by the unique mechanical, thermal and 
catalytic properties that materials develop when structured at the 
nanoscale. However, it is these unique properties, while beneficial 
for technological innovation, which could also make nanomaterials 
toxic to biological tissues, raising concerns that they may pose a 
risk to the environment and human health. The potential benefits 
of nanotechnology can only be fully realised if nanomaterials, 
particularly those for use in nanomedicine applications, food and 
consumer products, are shown to be non-toxic. 

Size matters! New methods 
to support the nanofoods and 
consumer products industry

LGC’s method has the potential to be 
exploited directly by the food industry 
and regulators. However the method 

also has applicability in the wider 
nanotechnology industry, particularly 

in the area of toxicity testing.’’‘‘
Dr Heidi Goenage-Infante,  

LGC’s Principal Scientist for inorganic  
mass spectrometry



The Requirement 
Nanoparticles are currently defined as particles measuring 
between 1 nm and 100 nm. Their size means they could 
overcome some of the body’s defence mechanisms, such 
as the cellular barriers which protect against foreign objects. 
Therefore, in order to take full advantage of the technological 
benefits of nanotechnology and to sustain competitive 
economic growth, it is becoming increasingly necessary to 
ensure that nanoproducts are safe at all stages of their  
life-cycle and that the public and the environment are 
adequately protected from any adverse effects. 

Measuring the potential toxicity of nanoparticle-containing 
consumer products presents a challenge due to the complex 
matrix of the food or product. There is currently a lack of 
methodology for the reliable characterisation of inorganic 
nanoparticles added to food and a lack of knowledge on the 
stability of such materials. Therefore, analytical methods 
enabling accurate element quantitation and rapid size 
characterisation of nanoparticles in consumer products are 
required. 

The Solution 
LGC researchers have developed a new method, using 
sunscreens as a test matrix, for the characterisation of 
titanium dioxide nanoparticles. Sunscreens were selected for 
this research due to their wide use, high fat content and highly 
complex matrix. Such methods are essential for underpinning 
safety assessments, for quality control of existing products 
and for correlation of nanoparticle characteristics with 
biological effects observed in toxicity tests. 

Titanium dioxide is used predominantly as a white pigment in 
a variety of products, including coffee creamers, toothpastes 
and sunscreens. In sunscreens, its high refractive index 
protects the skin from UV radiation from sunlight. Initially, 
titanium dioxide was considered to be an inert mineral,  
non-toxic to humans and the environment. However, following 
its broad application range, concerns have arisen that the 
toxicological risk has not been investigated sufficiently. 

LGC’s method involves the coupling of field flow fractionation 
(FFF) to inductively coupled plasma mass spectrometry  
(ICP-MS) and multi-angle light scattering (MALS), to 
provide size-resolved data on the elemental composition 
of nanoparticles, which is critical to environmental and 
toxicological investigations of nanomaterials. This research 
forms the first systematic comparison and optimisation of 
extraction methods for titanium dioxide nanoparticles in 
sunscreen samples. 

Previous published research has demonstrated the 
applicability of coupling FFF to ICP-MS in order to 
characterise nanoparticles. LGC has built on this research 
by developing methods using an aluminium labelled titanium 

dioxide reference material as a spiking material for quality 
control and comparability. 

The novel approach of sample spiking with aluminium-
labelled reference particles of known size enables the effect 
of extraction and separation conditions on particle size 
distribution to be studied. The sunscreens were analysed 
and compared for titanium extraction efficiency, particle 
size distribution and titanium dioxide recovery from the FFF 
channel. Using FFF-ICP-MS, the simultaneous detection of 
aluminium and titanium was proven, for the first time, to be 
very useful for tracking the spiked titanium oxide particles due 
to their much higher aluminium content when compared to 
native titanium oxide particles in the sunscreen. 

Impact 
Cited as a major concern in the European Commission’s 
Public Online Consultation, ‘Towards a Strategic 
Nanotechnology Action Plan (2010-2015)’, is the possible 
toxicity of poorly understood nanomaterials. Members of 
the public are highlighted as being concerned, not only 
about unknown toxicity risks (in the range of 65% to 70% of 
respondents) but also about the lack of adequate information 
imparted to the public on benefits and potential risks (64%).

It is anticipated that LGC’s research will help improve 
understanding of how nanoparticles behave in consumer 
products, thereby helping the UK industry to improve their 
products enabling consumers to benefit from nutritionally 
improved and safer food and consumer products. 

With the global market for nanotechnology in consumer 
goods being worth c.£1.4bn in 2009 and expected to rise to 
£2.7bn by 2015, it is important that UK industry is provided 
with the necessary tools to support this growth. LGC’s 
research goes some way to addressing this by providing 
validated methodology, capable of reliably determining size 
and size-based elemental composition of nanoparticles, 
and in particular, the development of extraction methods 
able to preserve the size, composition and distribution of 
nanomaterials in the original sample. 

Published in Journal of Analytical Atomic Spectrometry, and 
identified by reviewers at a ‘hot article’, LGC’s paper [1] was 
in the top 10 most downloaded papers in the first month the 
paper was published, demonstrating the importance of this 
research to the scientific community. 
 
[1] Nischwitz V & Goenaga-Infante H, Improved sample preparation  
 and quality control for the characterisation of titanium dioxide  
 nanoparticles in sunscreens using flow field flow fractionation on-line  
 with inductively coupled plasma mass spectrometry, J. Anal. At.  
 Spectrom., 2012,27, 1084-1092
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