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The novel properties of nanomaterials and their increasing
use have led to enormous research and development activ-
ity and significant markets of consumer products containing
nano-objects. Many of the nano-objects used in these prod-
ucts have been incorporated intentionally or occur acciden-
tally. Nano-objects are defined as having at least one di-
mension between 1 nm and 100 nm (ISO/TS 80004-1) and
this is the primary criterion that makes them “nano.”
Examples of nano-objects are those with metal cores (e.g.,
metals, metals oxides, quantum dots, alloys, and core–shell
materials), and selected carbonaceous nano-objects (e.g.,
carbon nanotubes). Examples of biological matrices where
nanomaterials are used include food, food packaging, cos-
metics, pharmaceuticals, nutraceuticals, etc.

Although there is concern about the possible toxic effects
of nanomaterials because of their unique properties, there is
no definitive proof for toxicity. In vitro nanotoxicology
studies, in the short term, and the quantification of human
exposure, in the long term, will require metrologically val-
idated methods for the detection and characterisation of

manufactured nano-objects in complex matrices. Such
methods are scarce and, therefore, urgently needed to sup-
port upcoming regulation and enable quality control of
existing products.

Efforts to establish regulations and guidelines related to
the use and characterisation of nanomaterials have in-
creased over the last 5 years. The EU Cosmetic Product
Regulation (1223/2009) currently defines a cosmetic
nanomaterial ingredient as follows: ‘nanomaterial’ means
an insoluble or biopersistant and intentionally manufactured
material with one or more external dimensions, or an
internal structure, on the scale from 1 to 100 nm.
Recommendations from the EU Commission published in
October 2011 (2011/696/EU) stated that for regulatory pur-
poses, the size distribution of a material should be present-
ed as size distribution based on the number concentration
(i.e., the number of objects within a given size range). This
recommendation is in contrast to the mass fraction of
nanoscale particles in the nanomaterial, as a small mass
fraction may contain the largest number of particles. In
2011, FDA released guidelines for industry (2011-D-0489-
0002) with regards to the use of nanoparticles as food
additives. The British Standards Institute has recently re-
leased guidelines (PAS 139:2012) on the detection and
characterisation of manufactured nano-objects in complex
matrices. These definitions, recommendations, and guide-
lines suggest that proper characterisation of nanomaterials
in food and consumer products etc. is a demanding task.

Analytical techniques that have potential for the charac-
terisation of nanomaterials in biological samples include
fractionation techniques such as field flow fractionation,
size exclusion chromatography, hydrodynamic chromatog-
raphy, dialysis, filtration, and ultrafiltration, and detection
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techniques such as imaging by transmission electron mi-
croscopy (TEM), elemental detection by ICP-MS, ICP-
OES, and AAS, atomic force microscopy (AFM) for struc-
ture, and light scattering for sizing. For example, ICP-MS
has been used to quantify total elemental and isotopic
composition and ratio, along with particle number concen-
tration, whereas electron microscopy is used to measure
size distribution, aggregation, shape, crystal structure, and,
with associated spectroscopy methods, elemental concentra-
tion and speciation. Amongst the range of techniques avail-
able for nanomaterial characterisation, field-flow fraction-
ation in combination with elemental and sizing detectors
has emerged over the last decade as a highly promising
approach for size-based detection of nanomaterials in com-
plex samples. Whilst there are already several examples of
using FFF-ICP-MS for nanomaterials in environmental
samples, the literature dealing with NPs in biological ma-
terials is relatively scarce. Given the complexity of samples
containing nano-objects in most biological matrices, the use
of a single measurement technique has often resulted in
their ambiguous detection and characterisation. The use of
multi-method approaches based on separation by FFF with
appropriate off- or on-line detectors has, therefore, been
proven to be essential in providing improved information
on size, size distribution and sized-based elemental compo-
sition in suspensions, and reduced bias, especially for nano-
objects in complex matrices.

For most biological applications, a remaining critical
challenge is the extraction of nano-objects from the sample
matrix into a suspension without causing particle transfor-
mation. Another major challenge is preserving the stability
of nano-objects in suspensions and during analysis. For
example, losses of nano-objects due to dissolution, adsorp-
tion on containers, stationary phases, cut-off membranes, or
other filtering devices are likely to occur during sample
handling and analysis, so they should be minimized or
controlled. Temperature changes, exposure to light and/or
increase of sample turbulence may affect the property of
both the nano-object and the matrix by enhancing their
aggregation and photo-oxidation and by increasing the mi-
crobiological activity of the matrix. Unfortunately, only few
papers reporting a systematic development considering
these factors have been published so far. A contributing
factor is the lack of like-for-like standards or certified
reference materials, which is a remaining problem, current-
ly affecting quality assurance of the measurements in the
field of analysis of nanomaterials in biological materials.

In an effort to support the expected upcoming regulation,
the development of methods that are able to determine size
distribution based on the number concentration has become
the focus of expert groups on the field. Methods currently
available to determine particle number such as nanoparticle
tracking analysis (NTA) and the microscopy techniques
transmission and scanning electron microscopy (TEM and
SEM) and atomic force microscopy (AFM) can characterise
nanoparticles in terms of size and size distribution, but they
are often compromised by the presence of a complex
matrix and/or are very time consuming. Single particle
analysis by ICP-MS (sp ICP-MS) is emerging as a prom-
ising tool for nanoparticle sizing and counting, thanks to
recent improvements in ICP-MS instrumentation making
shorter dwell times and improved detection sensitivity pos-
sible. Although the number of successful publications ded-
icated to sp ICP-MS has dramatically increased over the
past 5 years, there are remaining challenges associated with
sample matrix dilution and the lower limit of size detection,
which currently is around 20 nm for pure metallic
nanomaterials’ possible aggregate formation. Therefore, al-
ternative ways to reduce the matrix (e.g., by enzymatic or
acid hydrolysis) without changing the nanomaterial are
currently under investigation. Finally, applications of this
approach to real complex matrices have also shown the
need for production of like-for-like well-characterised
nanomaterial standards for method optimisation (e.g., cali-
bration of nebulization efficiency) in order to achieve an
accurate number-based size distribution.

This topical issue comprises seven original papers.
Together, these contributions highlight the complexity
and role of nanomaterial characterisation in providing
information relevant to consumer product safety and
toxicology. The articles cover a range of nanomaterials
of different types (e.g., gold, silver, silica, titania, sele-
nium, and organic micelle-type nanoparticles as well as
carbon nanotubes) and biological samples of different
complexity (e.g., animal tissue, food, cells). Of particu-
lar interest is the inclusion of papers on reference ma-
terial production and interlaboratory comparisons of
nanomaterial characterisation measurements. They are
essential for future quality assurance and method vali-
dation. We hope that this collection of excellent papers
will help to broaden the horizons for future develop-
ments in this field. We would like to thank all the
authors for their contributions and hope that you enjoy
reading them.
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