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Awareness: potential toxicities of carbon nanotubes
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Carbon nanotubes belong to a class of tiny tubular
structures composed of carbon atoms. These carbon atoms
are arranged in a honeycomb-type (nano)tube and their
structure and the strength of the bonds between the atoms
provide exceptional physicochemical properties. Carbon
nanotubes consist of either single graphene cylinders
[single-walled carbon nanotube (SWCN'T)] with an
outer diameter of 1-3 nm, or multiple graphene cylinders
arranged in concentric layers [multi-walled carbon nanotube
(MWCNT)] with diameters ranging from 10 to 200 nm and
a length from a few hundreds of nano-meters to several tens
of micro-meters. The unique physicochemical, mechanical
(strength/stiffness), electrical, and thermal properties of
carbon nanotubes have contributed to an increased use of
these materials in the electronics, aerospace, computer, and
pharmaceutical industries.

The shape of carbon nanotubes closely resembles
asbestos (chrysotile and amphibole) fibers, known for their
carcinogenic potential (1). Therefore, it comes not as a
surprise that experimental studies carried out during the
last 15 years confirm that carbon nanotubes are capable
of eliciting chronic inflammation, granuloma formation,
fibrosis and mesothelioma-like pathology in experimental
animals. Today, two decades after the appearance of the
first reports describing the synthesis of carbon nanotubes
more than 2,000 citations appear in PubMed, when carbon
nanotube and toxicity are used as search terms.

The reports published since the beginning of the 2000s
can be summarized as follows: Inhalational studies reveal
high bio-persistence of carbon nanotubes in the lungs of
experimental animals giving rise to (chronic) inflammation,
fibrosis, gene damage and tumor formation (2-7). The
sequence of these events is roughly the same as noticed
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after inhalation of asbestos fibers and also the inflammation
induced by carbon nanotubes has been found to be
dependent on the length of the nanotube (8), a concept first
put faith by Stanton (9).

In 2013, the US National Institute for Occupational
Safety and Health (NIOSH) called for attention to the
potential hazards of and recommended an exposure limit for
carbon nanotubes: “DHHS (NIOSH) Publication. Current
intelligence bulletin 65: occupational exposure to carbon
nanotubes and nanofibers. CDC, 2013:145”, doi: 10.26616/
NIOSHPUB2013145. Since 2016, the use of single-wall
carbon nanotubes is guided by the European Union’s
Registration, Evaluation, Authorization and Restriction of
Chemicals (REACH) regulations “REACH registration
completed for single-wall carbon nanotubes”, www.pcimag.
com., PCI Mag, 16 October 2016. Carbon nanotubes are
high on the priority list for IARC monographs (10) but it is
evident that world-wide preventive measures have not yet
been considered or taken.

When discussing preventive measures, it is vital to not
only understand the pathophysiology of the carcinogenic
processes that may occur after the inhalation of carbon
nanotubes, but also to recognize that the latency period
between exposure and occurrence of disease is likely to be
of considerable length. The latency period between asbestos
inhalation and occurrence of malignancy (mesothelioma/
lung cancer) ranges between 10 and 50 or more years and
similar latency periods are foreseen when inhalation of
carbon nanotubes is concerned (11).

Therefore, it is expected to take several decades before
respiratory cancers will be noticed in people exposed
to carbon nanotubes. This expectation reiterates the
importance of adequate preventive measures and shows
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that we have already failed in making timely preventive
recommendations.

It is obvious that any release of carbon nanotubes (in
the air) during the production process should be avoided.
Little is known about testing of carbon nanotubes
containing materials before they are admitted to the market.
Weathering of materials containing bonded asbestos has
provided an example how toxic fibers can be released and
cause disease. Therefore, establishing world-wide safety
standards for carbon nanotubes should be regarded a
first priority. The lack of protective measures to avoid
the continuing inhalation of (asbestos and microparticle)
contaminated air is daily practice in many developing
countries and the failure to adopt adequate safety measures
in a timely manner may create another time-bomb that is
going to explode in about 30-40 years from now (12).

The lessons learned from the ongoing epidemic of
asbestos-related diseases are grim and provide a good
reason not to hesitate to take drastic measures to avoid the
emergence of another epidemic of man-made disease.
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