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Introduction
Engineered nanomaterials (ENMs)
have the potential to be immensely
beneficial to society, due to the
novel
chemical
properties
conferred by their small size.
Establishing the potential toxicity of
ENMs to both human and nonhuman biota is therefore of the
utmost concern for regulators and
policymakers.

Multi-walled
carbon
nanotubes (MWNTs) are
an expanding group of
ENMs,
with
potential
applications in medicine,
engineering
and
environmental remediation.

The aquatic environment is the final
destination for pollutants such as
MWNTs. The health of such water
bodies is closely linked to the health
of humans that use them
(for water, agriculture and recreation etc.).

Accurate and detailed characterisation of nanomaterials
under experimental conditions is essential in order to
eliminate many confounding factors when assessing their
potential toxicity (e.g. variations in size or surface charge).

In studies on bivalve molluscs, ENMs are typically
characterised in seawater without animals, which is not
representative of experimental conditions.

Bivalve molluscs, including mussels, are sessile, filter
feeders and have well-developed processes for
intracellular digestion of particles. As such, they are a
unique target group for nanoparticle toxicity.

HYPOTHESIS: The size and properties of MWNT aggregates will
be altered by the presence of bivalves.

Methods

This experiment examined the interactions between four types of MWNT and three different seawater (SW) treatments. MWNT were either ‘long’ (length at
manufacture) or ‘short’ (shortened by reaction with silver) and were also either unlabelled or labelled with silver nanoparticles (AgNPs; Fig. 1 and 2).

No further treatment

After immersion in the different types of seawater,
MWNTs were fully characterised using a range of
techniques:

SW-A
MNWT-long

24 h with mussels
(4.5 mussels/L)
Natural seawater
(Plymouth Sound)
10 µm filtered

All - 0.1 mg/ml
suspension allowed to
settle for 4h before
sampling

SW-B

• UV-vis spectroscopy (UV)
• Dynamic light scattering (DLS)
• Transmission electron microscopy (TEM)

MNWT-short

MNWT-long/AgNP

SW-C
Filtered at 15 nm

MNWT-short/AgNP

Figure 1. Experimental design
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Table 1. Size of MWNT aggregates in different types of seawater as
measured by DLS (all data are mean ± SD)

AgNP

MWNT

Figure 2. TEM image of MNWT-long labelled
with AgNPs

SW-A

SW-B

SW-C

MWNT-long

1796 ± 253 nm

1549 ± 255 nm

>10000 nm

MWNT-short

1666 ± 198 nm

1541 ± 193 nm

>10000 nm

MWNT-long/AgNP

2001 ± 286 nm

1775 ± 165 nm

245 ± 34 nm

MWNT-short/AgNP

1570 ± 136 nm

1064 ± 133 nm

410 ± 53 nm

35
30

Intensity / %

• MWNTs are found as aggregates (1-2 µm), in all SW types.
Unlabelled MWNT aggregates’ size was SW-C > SW-A > SW-B,
suggesting that substances produced by the mussels are acting as
surfactants (Table 1, Fig. 4).
• Labelling of MWNTs with AgNPs alters the pattern of aggregate size
in different seawaters to SW-A > SW-B > SW-C (Table 1).
• The experiment is currently being repeated for seawater collected
at a different time, to assess the impact of variability in natural
seawater.
• Our data confirm our hypothesis that the presence of mussels alters
the properties of MWNT aggregates. We therefore recommend that
future ecotoxicological studies on ENMs characterise them in the
presence of the species of interest.
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Figure 3. UV-vis spectra of
MWNTs in SW-A and SW-B.
The π-plasmon absorbance
confirms the presence of
MWNT in stable suspension
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Figure 4. TEM images of MWNT-short aggregates (arrows) deposited on TEM grid after
immersion in different types of seawater

Figure 5. DLS of MWNT-short in
different types of seawater

