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Background to Research

Over the past decade the ability to engineer and produce materials at the nano-scale has triggered rapid
product development (Brunner et al., 2006). It is estimated that 50,000 kg/year of nano-sized materials
are being produced (Borm et al., 2006), yet the knowledge about possible adverse effects of
nanomaterials and nanoparticles (NPs) is essentially nonexistent.

Over the past four decades, a large number of studies have been performed to assess the
availability and toxicological impact of numerous NPs on specific organisms. These particles have
included metal oxides, organic fullerenes and carbon nanotubes. Of particular interest in this research, is
that of cerium dioxide (ceria) and silver NPs.

Ceria is currently used as catalysts (Toshiyuki et al., 2003), in metallurgy (Oxonica, 2005) and
used as additives in polymers and dental materials (Brunner et al., 2006). Ceria is also used in polishing
glass (Masui et al., 2002), as a luminescent material (Gu and Soucek, 2007) and is currently used in
diesel fuels (Zhang et al., 2005), to reduce the temperature at which carbon combusts (Park et al., 2007).
Silver NPs have been known to destroy bacteria (Tillman, 2004) and have recently been found to be
useful as photosensitive components (Liu et al., 2007).

Through their accelerated use, ceria and silver NPs may unintentionally be released into natural
environments, inevitably entering aquatic systems. Many studies have been performed on the uptake
and accumulation of silver and ceria NPs with algae, Daphnia magna, fish and more recently, plants. To
date, however, very little is known about the interaction of silver or ceria NPs within natural aqueous
environments. Ecotoxicology of particles is known to be altered by abiotic factors (Handy et al., 2008).
Therefore, understanding the effect of different environments including varying pH, temperature and salt
concentrations on these particles, will help our understanding of the accumulation and bio-uptake of such
particles and their associated toxicological effects, within these systems. Understanding the impact of
particular NPs within such systems is imperative to ensure the reduction of risk and increase our
knowledge of associated remediation. This area of research will also allow a greater understanding for
manufacturing, transporting and disposal pathways to be met.

Recent research has found that the toxicity of naturally occurring materials results from their
physical size (Colvin, 2003). Considerably more experimental evidence shows that NPs are markedly
more toxic than the same material at a larger scale (Seaton, 2006). These differences associated with
NPs may produce negative responses in organisms (Robichaud, et al., 2005) potentially causing a
greater impact on aquatic organisms. Understanding the implications of size dependency of such
materials is also an important factor. This has given rise to a comparative investigation into ceria and
silver micropatrticles (MPs) within this study.

Aims

This project involves the development, execution and evaluation of effective methodologies and
approaches to determine the characteristics of ceria and silver NPs and MPs, when found in natural
conditions favourable for fish, algae, aquatic plants, Daphnia magna and in the growth of human and trout
Hepatocyte cells. An additional investigation will involve comparing these characteristics of silver and
ceria NPs and MPs in environments actually exposed to specific organisms. This is to be performed in
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collaboration with three organizations including the Commonwealth Science Industrial Research
Organisation (CSIRO), Exeter University and Napier University.

Techniques

With support from the collaborators, it is proposed to investigate the physicochemical characteristics of
silver and ceria NPs and MPs, with exposure to algae, exposure to cold water fish (carp), Daphnia
magna, human and trout Hepatocyte cell cultures and exposure to tropical fish (zebra fish) respectively.
These characteristics include aggregation, surface chemistry, surface area, charge, size, morphology,
structure, and solubility. Techniques to characterise these will include transmission electron microscopy,
BET, dynamic light scattering, ultraviolet-visible spectroscopy, NanoSight, inductively coupled plasma
mass spectrometry with associated filtering techniques, fluorescence spectroscopy, X-ray diffraction and
electrophoresis.

Work to date

Exposure investigations of silver NPs and MPs to a cold water environment with carp have been carried
out by Napier University. The environment was at an average temperature of 10.2°C, an average pH
7.45, with salt concentrations of NaCl at 8.27 mg L, CaCl, at 24.5 mg L™, MgCl, at 4.38 mg L' and KCl
at 2.07 mg L. Five tanks of 60 L were prepared, one with 0.1 mg L'* Ag NPs and one with 0.1 mg L* Ag
MPs and repeated for 0.01 mg L™ Ag NPs and 0.01 mg L™ MPs, with one tank kept as a control. A
sample was taken and termed Day 0. Carp were added to the tanks and a sample taken one hour later
and termed Day 1. Subsequent samples were taken on Day 7, Day 14 and Day 21 for characterisation of
size, charge and solution.

Results

Both Ag NPs and MPs reduced in size on the addition of carp. The charge on the particles was also seen
to change, on the addition of carp. Ag MPs were found to increase in charge, suggesting a decrease in
reactivity, and increase in aggregation. Ag NPs were found to decrease in charge, suggesting an
increase in availability amongst single particles. The solubility of Ag ions from NPs was also found to be
greater than that from Ag MPs for the first 14 days.

Discussion and conclusive remarks

The reduction in size and associated decrease in charge of Ag NPs, after exposure, is possibly due to
individual particles repelling others and becoming more stable and less aggregated. An increase in
charge observed from the MPs with the associated reduction in size of particles, is possibly due to them
becoming more reactive and attractive to themselves, aggregating, settling and therefore not taken within
the sample. Solution data suggests any uptake, accumulation and associated toxicity found within the
fish, would potentially be due to silver ions and not because of the specific particle sizes.
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