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HOW TO WORK SAFELY WITH NANOMATERIALS

There have been a number of research articles on the toxicity of different types of nanomaterials. The preliminary conclusions to be drawn from the toxicology studies to date is that some types of nanomaterials can be toxic, if they are not bound up in a substrate and they are available to the body.  Multiple government organizations are working to fund and assemble toxicology information on these materials.  In the interim, researchers must use procedures that prevent inhalation and dermal exposures because at this time nanotoxicology information is limited.

Based on particles physics and studies of fine atmospheric pollutants, nanoparticles are in the size range that remains suspended for days to weeks if released into air.  Nanoparticles can be inhaled and will be collected in all regions of the respiratory tract; about 35% will deposit in the deep alveolar regions of the lungs.

Because they are so small, nanoparticles follow airstreams more easily than larger particles, so they will be easily collected and retained in standard ventilated enclosures such as fume hoods.  In addition, NIOSH has stated that nanoparticles are readily collected by HEPA filters.  Respirators with HEPA or P100 cartridges will be adequate protection for nanoparticles in case of spills of large amounts of material outside enclosures.  Large spills can be cleaned using a vacuum cleaner fitted with a HEPA filter on the exhaust such as the Nilfisk GM8OCR.  In case of small spills outside enclosures, wet-wiping would be acceptable. 
Contamination of laboratory surfaces should be prevented.  Fume hood surfaces should be wet-wiped after each use or at the end of the day.  Alternatively, use of bench absorbent pads would also prevent contamination.   

Working safely with nanomaterials involves following standard procedures that would be followed for any particulate material with known or uncertain toxicity: preventing inhalation, dermal, and ingestion exposure.  Many nanomaterials are synthesized in enclosed reactors or glove boxes.  The enclosures are under vacuum or exhaust ventilation, which prevent exposure during the actual synthesis.  Inhalation exposure can occur during additional processing of materials removed from reactors, and this processing should be done in fume hoods, glove boxes, or biosafety cabinets. Manipulation of nanomaterials as free particles or on the lab bench should be avoided.  In addition, maintenance on reactor parts that may release residual particles in the air should be done in fume hoods.  Another process, the synthesis of particles using sol-gel chemistry, should be carried out in ventilated fume hoods or glove boxes.  

The type of surface coating on nanoparticles often causes them to clump together so that few particles are actually released when particles are removed from reactors.  In one of the few workplace industrial hygiene studies of nanoparticles, Maynard et al. (2004) found almost no release of fibers when carbon nanotubes were removed from a reactor and transferred into a secondary container.  The single wall carbon nanotubes (SWCNT) clumped together into nanoropes and remained attached to the substrate as it was removed from the reactor.  Maynard et al (2004) also found that it took considerable energy to break up the nanoropes and release them into air:  the highest settings on a fluidized bed vortex shaker were needed to produce aerosol release.  The type of SWCNT investigated in this study were uncoated with about 30% Fe catalyst remaining as part of the nanoropes.  Researchers are attempting to coat carbon nanotubes (CNT) and other nanoparticles with materials that make them less sticky and more easily dispersed; if successful, this would make them more easily aerosolized and require additional care when handling.  
Concerning skin contact, Maynard et al found clumps of nanoropes on the gloves of workers removing the synthesized materials from the reactors.  Since the ability of nanoparticles to penetrate the skin is uncertain at this point, gloves should be worn when handling particulate and solutions containing particles.  A glove having good chemical resistance to any solution the particles are suspended in should be used.  If working with dry particulate, a sturdy glove with good integrity should be used.  Disposable nitrile gloves commonly used in many labs would provide good protection from nanoparticles for most procedures that do not involve extensive skin contact.  Two pairs of gloves can be worn if extensive skin contact is anticipated, as well as gloves with gauntlets or extended sleeve nitrile gloves, to prevent contamination of lab coats or clothing.

One potential safety concern with nanoparticles is fires and explosions if large quantities of dust are generated during reactions or production.  This is expected to become more of a concern when reactions are scaled up to pilot plant or production levels.  Both carbonaceous and metal dusts can burn and explode if an oxidant such as air and an ignition source are present.  Nanodusts can be anticipated to have a greater potential for explosivity than larger particles.  Determination of lower flammability limits using standard test bomb protocols is being planned in Europe.  
There are currently no government occupational exposure standards for nanomaterials.  When they are eventually developed, different standards for different types of nanomaterials will be needed.  One should also be aware the Material Safety Data Sheets (MSDS) may not have accurate information at this point in time.  For example, the MSDS’s that are accompanying some commercially available carbon nanotubes are referring to the graphite Permissible Exposure Limit as a relevant exposure standard.  Both graphite and carbon nanotubes are composed of carbon arranged in a honeycomb pattern. However, CNT’s have very different tensile and conductive properties than graphite.  Additionally, CNT’s are much more toxic in the short term animal tests that have been performed to date.  Consequently, the graphite PEL and toxicity information is not appropriate for MSDS’s of CNT’s.  CNT’s should be treated as potentially toxic fibers, if capable of being released into the air and not bound up in a substrate, and should be handled with appropriate controls as described previously.  

NANOMATERIAL WASTE MANAGEMENT

As nanotechnology emerges and evolves, potential environmental applications and human health and environmental implications are under consideration by the EPA and local regulators.

EPA has a number of different offices coordinating their review of this rapidly evolving technology.  The EPA is currently trying a voluntary approach to testing and developing a stewardship program.  There are currently no guidelines from the EPA specifically addressing disposal of waste nanomaterials.  It seems that regulation at some level is inevitable.  Some political subdivisions, including the City of Cambridge, are already evaluating local regulation.  

University of the Sciences should take a cautious approach to nano waste management.  It is the belief of most that regulation is inevitable.  In order to better understand the potential volumes and characteristics of these waste streams, we are advising that all waste materials potentially contaminated with nano materials be identified and evaluated, or collected for special waste disposal.  On the chemical/hazardous waste tag, note that the waste contains nano-sized particles and indicate what they are.  
The following waste management guidance applies to nanomaterials-bearing waste streams consisting of:

· Pure nanomaterials (e.g., carbon nanotubes)

· Items contaminated with nanomaterials (e.g., wipes/PPE)

· Liquid suspensions containing nanomaterials

· Solid matrixes with nanomaterials that are friable or have a nanostructure loosely attached to the surface such that they can reasonably be expected to break free or leach out when in contact with air or water, or when subjected to reasonably foreseeable mechanical forces.

The guidance does not apply to nanomaterials embedded in a solid matrix that cannot reasonably be expected to break free or leach out when they contact air or water, but would apply to dusts and fines generated when cutting or milling such materials.  

DO NOT put material from nanomaterial-bearing waste streams into the regular trash or down the drain.  Contact EHRS at X8925, X8843, or X3141 for questions regarding waste disposal.  

Collect paper, wipes, PPE and other items with loose contamination in a plastic bag or other sealing container stored in the laboratory hood.  When the bag is full, close it, take it out of the hood and place it into a second plastic bag or other sealing container.  Attach the outer bag or container with a completed chemical/hazardous waste tag.  Note on the tag that it contains nano-sized particles and indicate what they are.  

Currently, the disposal requirements for the base materials should be considered first when characterizing these materials.  If the base material is toxic, such as silver or cadmium, or the carrier is a hazardous waste, such as a flammable solvent or acid, clearly they should carry those identifiers.  Many nanoparticles may also be otherwise joined with toxic metals of chemicals.  Bulk carbon is considered a flammable solid, so even carbon based nanomaterials should be collected for determination as hazardous waste characteristics.  
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