Nanotoxicology- is the very small very toxic ?

It  seems clear that the revolution in nanotechnology will have profound benefits for many aspects of our ways of life—in medical diagnostics, in therapeutics,  in cosmetics, in engineering and information technology to name but some. The so-called revolution in nanotechnology  has been under way for several years in both the United States and Europe.  But how different is nanotechnology from conventional small-scale technology ?   Nanotechnology can be defined as the manipulation, measurement, modelling or manufacture of particles of matter with dimensions of 1 to 100 nanometers. A wide range of these particles, nanoparticles, of different types and properties  are currently being tested for a large variety of industrial, scientific and medical uses. Perhaps the best known of the nanomaterials  are the fullerenes   known as ‘bucky balls’ having diameters of a few nanometers. Probably the most enigmatic of these is the third form of carbon known as buckminsterfullerene which has a complex structure of sixty carbon atoms arranged in the shape of a football. However, the width of the football  is almost infinitesimally small just  a few billionths of a metre across ! 

Some people would argue that nanotechnology has been around for centuries but that it was not viewed as such or perhaps it was simply taken for granted. After all scientists have been dealing with nanoscale molecules such as proteins and DNA for at least the last 50 years. And nanoparticles of gold and silver have been used in pigments for stained glass for many centuries.  Others, the nano-hypers, claim that nanotechnology as we know it  now is  a radically new technology. It may not have generated any really novel products yet but it has the potential to alter and improve manufacturing processes across the breadth of industry. It is hoped that it will produce genuinely new products and not simply the ‘same-but-better’ as has happened in the past. As is often the case in science it appears that each side in the nano-debate is partially right. The new nano-protagonists, like their older molecular-colleagues, still use particles of nano dimensions: what’s different is how they are made, handled and manipulated and observed in the new microscopes -- the scanning tunnelling microscope and the atomic force microscope. Further, some of the particles can be made to arrange themselves into ordered three-dimensional structures with specific properties,  an idea which was borrowed largely from  basic  biochemical studies of the genetic material DNA in the 1950s and 60s. 

It is all very well to have new technologies and new materials that are composed of new arrangements of chemicals. As well as their benefits to society generally what are the  human health implications of the newly-designed particles ? Most of us are aware of the scenario of uncertainty and opposition created by the introduction of the new technology of genetic engineering and GM crops and foods in the 1980s. Risks of undesirable gene transfers or insertions are still hotly debated. Manufactured nanoparticles have  physicochemical properties which give them relatively unique electrical, heat, magnetic and mechanical characteristics. It follows that these in addition to their size and large surface area may also have significant health implications as new materials are introduced to the workplace and the products are purchased by the public. Scientists in the field of toxicology are well aware of the adverse health effects of  micro-fibres such as asbestos and of micro-particles emitted from  diesel engines  and large fuel burners. So it is not unreasonable to investigate the toxicological effects of nanoparticles at this early stage in their development and  application.  Recent initial studies of the health effects of a particular type of nanomaterial known as single-wall carbon nanotubes indicate that they  have  long-term adverse effects on lung function. They have been shown to be more toxic than quartz, a particulate material known to constitute an occupational hazard to individuals subjected to long-term inhalational exposure. Internationally it is clear that investigation of the possible toxic effects of nanoparticles i.e. nanotoxicology is at an early stage.  

We urgently need to start a programme of nanotoxicology research in Ireland. This will be necessary to keep pace with continuing developments in nanotechnology itself and for the establishment of an appropriate risk assessment methodology for human exposure to all nanomaterials. 
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