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Summary:

The notorious PM,s (2.5 pum diameter particulate matters) that can reach human lungs,
considered as responsible for most deleterious effects of air pollution, are now unmasked.
Anthropogenic carbon nanotubes and other carbon nanoparticles were unambiguously
identified as the major components of PM;s in alveolar macrophages of Parisian children.
Obviously, carbon nanoparticles cannot be distinguished from lamellar bodies by optical
microscopy only. Thus, previous studies based on optical microscopy, linking carbon content
of alveolar macrophages to lung dysfunction, must be reconsidered. The remaining challenge
is to determine whether carbon nanoparticles are the culprit or are only markers of pollution

exposure.
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e Particulate matter (PM) was exhaustively characterized in asthmatic children’s lungs
e Anthropogenic carbon nanotubes were rare but present in all samples

e Optical microscopy (OM) cannot discriminate between PM and lamellar bodies

e Studies where carbon content was assessed only by OM should be reconsidered

Common and widespread

Have you ever wondered what do convenient Indian auto-rickshaws, powerful American
heavy-duty engines and popular European (not necessarily German) cars have in common?
They have all been reported to generate carbon nanotubes (CNTs) and emit it within their
exhausts [1-3]. Carbon nanotubes, if an introduction is required, are cylindrical, sp>-bonded
carbon nanostructures that can be single- or multi- walled. They can be either synthesized in a
laboratory under controlled conditions, where rare structural defects and low impurity content
result in their unique and exceptional physical properties, or made (less perfectly and less

purely) outside the labs in different processes of common biomass combustion [4].

Diesel, the sustained source

Biomass burning-derived particles contribute to the major share of airborne carbonaceous
particles. Among them, traffic-derived, especially diesel-derived particulates (Figure 1A),
have been recognized as major particulate matter (PM) components [5]. Interestingly, in the
opinion of the International Agency for Research on Cancer, based on the evidence of
increased risk for lung cancer, diesel engine exhaust is carcinogenic to humans (Group 1). Be
that as it may, according to the statistics published by the European Automobile
Manufacturers association (http://www.acea.be/statistics/tag/category/share-of-diesel-in-new-

passenger-cars), the proportion of diesel in new passenger cars continues increasing and



currently represents more than 50% of sold vehicles. The ambulant sources of diesel-derived
particulates, including airborne anthropogenic carbon nanotubes [6], consequently, continue

growing.

Commonality between ice core, ancient steel, and ... children

Carbon nanotubes appear as past [7] and present invaders of the atmosphere, and what is
alarming is that they can reach our lungs. Unfortunately, that is what we recently confirmed
[8]. Inhaled CNTSs (similar to those collected in airborne dusts and vehicle exhausts) were

present in all examined samples (N=69) obtained from Parisian asthmatic children [8].

Deceptive appearance

The idea that black carbon [5] penetrates the lungs is not new and was already proposed in a
study performed on children from Leicestershire [9]. This study reported a strong dose-
dependent link between the carbon content in alveolar macrophages and the decline in lung
function [9]. But carbon, characterized only by optical microscopy [9], was probably
mistaken with black-appearing lamellar bodies (Figure 1B), the lipid storage and secretory
organelles, present within alveolar cells [8]. Obviously, carbon nanoparticles cannot be
distinguished from lamellar bodies by optical microscopy only [8]. Thus, previous studies
based on optical microscopy, linking carbon content of alveolar macrophages to lung

dysfunction [9], must be reconsidered .

Another study reported that CNTs were extracted from the lungs of the victims of the World
Trade Center attack [10], but the samples were only observed by means of low magnification

transmission electron microscopy (TEM) [10], which might provide erroneous evidence, as



pulmonary surfactant filaments (Figure C) [8] might strongly resemble filamentous single-

walled CNT bundles (Figure D).

A needle in a haystack

While the synthesis of novel nanomaterials blooms and blossoms, the identification studies of
airborne nanoparticles are still rather scarce. Moreover, qualitative identification studies of
inhaled PM are extremely rare and only approximate, which is mainly due to the complexity

of finding carbon particulates within carbon-based biological samples.

Particulate matter, including CNTs, can be characterized only by a limited number of
techniques, which are not common in clinics. And yet, clinically applied research definitely

longs for appropriate easy-to-use methods of detection of airborne carbon nanoparticles.

In our recent study [8], we used optical microscopy and TEM to prescreen biological samples
(lung cells and broncho-alveolar lavage fluids, respectively), and used specific techniques,
such as energy dispersive X-ray spectroscopy, high-resolution TEM, near infra red
fluorescence microscopy and Raman spectroscopy. These methods allowed us to characterize
the PM present in biological samples and discriminate between lamellar bodies, lung
surfactant and PM. Consistent with theoretical calculations, which suggested the rareness of
inhaled PM even after important particulate exposure (concretely: a daily deposition of about
50 pg of PM would result in particles covering of 0.2 to 0.5 millionths of the lung surface
area) [11], our results showed that inhaled PM were particularly rare [8]. In addition,
intracellular PM mainly consisted of anthropogenic CNTs and some amorphous black carbon
nanoparticles (Figure E), which cannot be identified by optical microscopy, contrarily to what

was reported earlier [8].



Causal or non-causal bases

Particulate-matter-associated  pathological  conditions, including respiratory and
cardiovascular disease, cancer and diabetes, to mention but a few, have been extensively
reported. In contrast, quantitative assessments of the threshold of the PM that penetrates our
bodies and is responsible for deleterious health effects are inexistent. Is that so because there
are no causal effects [12] between airborne PM levels and health effects or because health
effects are a result of multiple (particle-related and particle non-related) variables? While
epidemic studies blamed the PM derived from open fire biomass burning, a very recent study
involving more than 10 000 Malawian children fund no evidence that cleaner burning
biomass-fuelled cook stoves reduced the risk of pneumonia in young children [13]. Air
pollution derived from biomass burning in open fires had previously been associated with
premature mortality, but this study suggests that cook stoves combustion is not the only
responsible factor [13]. While rubbish burning and tobacco smoke might have added to PM
pollutants that impacted Malawian children’s health [13], societal and psychological factors
might be implicated and play the role of non-toxicological variables in PM-health associations

[12] in First World countries.

So help me Nanotechnologist

Besides being a general societal issue, particulate pollutants should attract more
nanotechnologists attention. In a first approach, the purpose of our study was to characterize
the particulates that penetrate the lungs and the lungs of Parisian children were found to
contain CNTs [8]. Further studies are evidently necessary to establish any potential link

between CNT-lung content and lung dysfunction. Additional research is necessary to



determine which ones among diesels engine exhausts constituents are the most responsible for
deleterious health outcomes. A method of detection and quantification of intracellular PM
(and especially CNTSs) should be found, and should, preferentially, be applicable in clinics. If
ascertained for health nuisance, appropriate measures should be taken (e.g. filters and air
purifiers should be developed and applied) to diminish atmospheric CNT burden. Besides,
there might obviously be other (toxicological) components, including volatile ones, involved

in pollution’s potential deleterious effects [14], and their effect should also be assessed.

Fine-tuning the research

Observational epidemiological studies reporting relationships between PM exposure and
morbidity/mortality are prone to confusions and interpretational uncertainties [5]. While the
“carbon content” [9] or “CNT content” [10] are probably yet another example of dubious
identifications of carbonaceous nanoparticles [5] in biological samples, the anthropogenic
CNTs might represent a potential risk, and their implication should be assessed in detail.
Indeed this should add to different laboratory studies that found more or less diverging
outcomes after CNTs administration [15-22]. In addition, as it has been suggested that
alveolar removal might occur [11], and demonstrated that CNTs might degrade [23, 24],

empirical evidence of PM accumulation over a lifetime exposure should be investigated.

In whatever way, even if CNTs are slightly harmful or non-toxic, due to their large specific-
surface and ability to adsorb a large variety of substances, they can probably act as
nanovectors for some hazardous pollutants present in the particulate mix. Forthcoming studies
should thus help answering the question, are CNTs the culprit or just a witness of the

exposure to air pollution?



Finally, if CNTSs are guilty as charged, handy and reliable methods for their specific detection

in biological samples should be developed. In the same time, further effort in the development

and application of exhaust filters and air purifiers should be supported by authorities.

Figure: Ultrastructural characteristics of airborne carbon nanotubes and
surfactants: A) Left: diesel exhaust TEM micrograph showing spherical and CNT-like carbon
nanoparticles and right: the HR-TEM micrograph of the red-squared zone confirming the
structure of a multi-walled anthropogenic CNT, exhibiting a characteristic interlayer spacing

of approximately 0.33 nm (red arrow); B) Left: A cell obtained from an asthmatic child,



showing several black-appearing lamellar bodies, one of which (blue square) is magnified on
the right: lamellar-body surfactant with its characteristic, graphite-like fringes (blue arrow);
C) Filament-like structures obtained from broncho-alveolar fluid lysates, which become
decreasingly electron-dense with the increasing electron microscope magnification (not
shown on figure); D) Purified single-walled carbon nanotubes bundles, which remain
electron-dense with the increasing electron microscope magnification (not shown on figure);
E) From top to bottom: An alveolar cell containing CNT-like structures (yellow square),
followed by its magnified TEM and HR-TEM micrograph, confirming the presence of

graphitic layers characteristic for multi-walled CNTSs.
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