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GUIDELINES FOR WORK WITH NANOPARTICLES

1. Introduction
Nanoparticles (NPs) are engineered particles with at least one dimension in the range 1-10 nanometres (nm).  They are produced deliberately to exploit the unique properties exhibited at these dimensions.  This definition excludes incidental nanoscale or ultrafine particles originating from processes such as combustion and vapourization, cigarette smoke, diesel and welding fume. 

Carbon nanotubes (CNTs), fullerenes, quantum dots and dendrimers are the main particles that exist in nanometric dimensions.  Many inorganic products, metals and metal oxides and organic materials (PVC, latex) can, however, be reduced to nanometric dimensions.  CNTs are a crystalline form of pure carbon, which consist of cylinders of graphite sheets wound around themselves in one or more layers.  Fullerenes are another crystalline form of carbon existing in hollow spheres made up of 28-100 carbon atoms.  Quantum dots are typically composed of elements from Group II and IV or Group III and V of the periodic table.  They have been developed in the form of semiconductors, insulators, metals, magnetic materials or metal oxides.  In the size range, 1-10 nm, they display unique optical and electronic properties.  Dendrimers are synthetic 3-dimensional macromolecules developed from a monomer with new branches added, step by step in successive tiers until a symmetrical structure is synthesized.  They are the basic building blocks for large-scale synthesis of organic and inorganic nanostructures ranging in size from 1-100 nm.

2. Health Effects
Nanotechnology is an emerging field and as such there are many uncertainties as to how the unique properties of engineered nanomaterials pose occupational health risks.  The potential risk following exposure to any substance is generally associated with the magnitude and duration of exposure, the persistence of the material in the body, the inherent toxicity of the material and the susceptibility or health status of the person.  However, more information is needed about the potential routes of entry, translocation of materials once they enter the body and interaction of these materials with the body’s biological systems to predict the health risk associated with exposure to engineered nanomaterials.  Results of existing studies on exposure and response to ultrafine or other respiratory particles provide a basis for preliminary estimates of the possible adverse effects.  Experimental studies in rodents and cell cultures have shown that the toxicity of such particles is greater than that of the same mass of larger particles of similar chemical composition.  In addition to particle surface area, other characteristics such as solubility, surface chemistry and shape may influence toxicity.

2.1 Exposure Routes

The most common route of exposure to airborne particles in the workplace is by inhalation.  The deposition of discrete NPs in the respiratory tract is determined by the particles’ aerodynamic diameter.  NPs can agglomerate and these will deposit according to the diameter of the agglomerate and not its constituent particles.  It has been estimated that the majority of particles in the range 1-10 nm will be deposited in the nose and throat, whereas more than 50% of those in the range 15-20 nm will be deposited in the alveolar region.  Based on animal studies, it is believed NPs may enter the bloodstream from the lungs and translocate to other organs and tissues.  Similarly, discrete NPs that deposit in the nasal region may be able to enter the brain by translocation along the olfactory nerve.  This exposure route has not been evaluated in humans as yet.

The ingestion of NPs in the workplace should be greatly limited by the adoption of best working practices.  However, incidental ingestion may also accompany exposure by inhalation because particles cleared from the respiratory tract via the mucociliary escalator could be swallowed.  At this time little is known about the possible adverse effects from ingestion of NPs.

Some studies suggest that NPs could enter the body through the intact skin during occupational exposure.  The UK Royal Society and Royal Academy of Engineering have reported that studies indicate NPs of titanium dioxide used in sunscreens penetrate to the epidermis but not beyond.  However, more recent studies show that solutions of quantum dots of different size, shape and surface coatings were able to penetrate the stratum corneum barrier of pig skin by passive diffusion and locate within the epidermal and dermal layers of the skin within 8-24 hours of the initial exposure.  At this time, it is not known if skin penetration of NPs would result in adverse health effects.

2.2 Carbon Nanotubes (CNTs)

Since the adverse health effects of exposure to asbestos fibres are well documented and since some of the CNTs are similar in size and shape to asbestos fibres, and similar in their ability to persist in the lungs of laboratory animals, a number of toxicological studies of CNTs (single-walled, SW, and multi-walled, MW) have been performed in recent years.  These studies have shown that the toxicity of CNTs may differ from that of other NPs of similar chemical composition.  SWCNTs have been shown to produce granulomas in the lungs of mice and rats at mass doses at which ultrafine carbon black did not produce adverse effects.  (Granulomas are small nodules of cells that form around foreign bodies that cannot be easily cleared from the lungs).  In another study MWCNTs with a high aspect ratio produced a marked inflammatory reaction and the formation of granulomas, when injected into the abdominal cavity of mice.  A similar reaction was observed with asbestos fibres of high aspect ratio.  On the other hand, it was noted that when short asbestos fibres, nanoparticulate carbon black, or short or tangled MWCNTs were injected, there was little or no inflammation.  It is known that the morphology of asbestos fibres is an important factor in the development of asbestos related diseases and these findings raise the level of concern regarding the potential of similar diseases being caused by exposure to CNTs.

3. Fire and Explosion
Although insufficient information exists to predict the fire and explosive properties of nanoscale powders, nanoscale combustible material could present a higher risk than coarser material of similar quantities.  Decreasing the particle size of combustible materials can reduce minimum ignition energy and increase combustion potential and combustion rate, leading to the possibility of relatively inert materials becoming highly combustible.  Dispersions of combustible nanomaterials in air may present a greater explosion risk than dispersions of non-nanomaterials of similar composition.  In particular, for metallic substances, the explosion rate can increase significantly as particle size decreases.

It is therefore recommended that NPs are stored in closed containers in fire-resistant cabinets.

4. Assessment of Work with NPs
It is assumed that NPs are substances hazardous to health and therefore there is a requirement under regulation 6 of The Control of Substances Hazardous to Health Regs (NI) 2003 (COSHH) to conduct a “suitable and sufficient” risk assessment of the health risks posed by work with them.

Detailed guidance on COSHH risk assessment is available elsewhere ie from the University Safety Service, its website at www.qub.ac.uk/so and from local/departmental COSHH supervisors.

However, since so little information is available on the toxicity of these substances and no workplace exposure limits have, as yet, been established, the priority in the COSHH risk assessment must be to explore the practicability of preventing exposure to NPs by totally enclosing the process.  If it is not possible to completely prevent exposure, the risk assessment must state clearly the control measures required to ensure that the exposure is kept as low as reasonably achievable.  (Section 4 below).

In addition, the risk assessment must address the following:

· the identification of all people at risk, including research, technical cleaning and maintenance staff;

· the arrangements for monitoring exposure and for health surveillance;

· the arrangements for the provision of information, instruction, training and supervision for those in contact with NPs.

4.1 Air Monitoring

There are currently no national or international consensus standards on measurement techniques for NPs in the workplace.  Current research indicates that mass and bulk chemistry may be less important than particle size, surface area and surface chemistry for evaluating NP exposure.  Research is ongoing into the relative importance of these different exposure metrics and how to best characterize exposure to NPs in the workplace.  The unique shape and properties of some nanomaterials may pose additional challenges.  For example, phase contrast microscopy used in asbestos fibre counting cannot detect individual CNTs (diameter < 100 nm), nor bundles of CNTs with diameters < 250 nm.  At this time there is no convenient or direct method by which exposure to NPs in the workplace can be measured or assessed.

4.2 Health Surveillance

Health surveillance is considered appropriate for all persons exposed to NPs.

Therefore all persons involved in a process or project using or generating NPs and exposed to them should be referred to the Occupational Health Physician  for assessment prior to the work commencing.  The Occupational Health Physician should be provided with full details of the process/project and the COSHH risk assessment in order that the nature and frequency of health surveillance can be determined.  The Occupational Health Physician will provide advice on the records required to be kept by management.  (Appendix 1).

5. Control of Exposure to NPs
At present there is insufficient information to predict all of the situations and workplace scenarios that are likely to lead to exposure to NPs. However, there are some workplace factors that can increase the potential for exposure, including:

· working with NPs in liquid media without adequate protection will increase the risk of skin exposure;

· working with NPs in liquid media during pouring or mixing operations or where a high degree of agitation is involved will lead to an increased likelihood of inhalable and respirable droplets being formed;

· handling NPs will lead to the possibility of aerosolization;

· maintenance on equipment and processes used to produce or fabricate NPs will pose a potential exposure risk to workers performing these tasks;

· cleaning of dust collection systems used to capture NPs will pose a potential for both skin and inhalation exposure.

In order to prevent exposure to NPs (as required by regulation 7(3) of COSHH) appropriate measures must be applied in the following order of priority:

(i) Design the work process to contain, limit and control the formation of airborne contamination.  Use equipment that fully encloses the process, where possible, ie a glove box.  Avoid the use of blenders, sonicators, high speed mixing or shaking.  Transport dry NPs in closed containers.  Use wet or vacuum methods for dealing with spills.

(ii) Control exposure at source by the use of local exhaust ventilation supplemented with appropriate organisational measures.  For example, carry out manipulation of the NPs in a ducted fume cupboard fitted with a HEPA filter, or use a suitable and effective LEV which encloses the process as much as possible.  (HSE considers ductless fume cupboards and recirculatory biological safety cabinets unsuitable for use with CNTs).

If possible keep the NPs damp or wet to reduce the risk of them becoming airborne.  Limit the scale of the work to minimise the quantity of NPs used or generated.

Restrict the work to a clearly demarcated area.  Minimise the number of persons who could be exposed to NPs by restricting access to the process area to authorised personnel only.  Prohibit eating, drinking, smoking and the use of cosmetics in the process area and other areas that could become contaminated with NPs.  Exclude personal items from the process area to prevent the spread of contamination outside that area.  Provide and maintain adequate hygiene measures to prevent the spread of contamination.

(iii) Provide suitable personal protective equipment (PPE).  This should include respiratory protective equipment (RPE), gloves and protective clothing (lab coats, aprons, coveralls).  Advice on the choice, use of RPE and face-fit testing for negative pressure masks should be obtained from University Safety Service.  It should be noted that under COSHH, RPE must be used in addition to other control measures and for emergencies and maintenance procedures. (HSE recommend the use of RPE with a minimum assigned protection factor of 40 for such work.)  Protective clothing must be worn over personal clothing in the process area to prevent it becoming contaminated.  The protective clothing provided should not retain dust.  Therefore wool, cotton or other knitted material is not recommended.  Tyvek disposable suits are suitable. Protective clothing should be stored separately from any personal clothing to prevent cross contamination.  If it is re-usable, then the protective clothing should be laundered at regular intervals to prevent the build-up of NPs on it.  Since NPs may penetrate commercially available disposable gloves, double gloving is recommended.

The application and use of the above control measures should be incorporated into standard operating procedures which outline safe working practices.  Ideally these procedures should be presented to the local safety committee for ratification prior to the commencement of the work.

Finally, procedures should be in place to deal with spills, accidents and other emergencies.

6. Management of Work with NPs
It is the duty of the Head of School / Director to ensure that adequate control measures are in place and properly maintained so that they remain effective.  In addition, he/she must ensure that the workers receive adequate information, instruction and training before commencing work with NPs.  The workers should be provided with information covering:

· the potential health hazards of working with NPs;

· the procedures for reporting any perceived adverse health effects;

· emergency procedures.

Appropriate training should be given in respect of:

· the correct use and maintenance of PPE and other control measures;

· work practices which prevent or reduce the emission of NPs into the process area or outside;

· emergency procedures for spills and clean up.

In consultation with the Occupational Health Physician, it is the responsibility of the Head of School / Director to ensure that workers report in a timely fashion for appropriate health surveillance.  It is also his/her duty to ensure adequate arrangements are in place for the maintenance of health records for each individual placed under health surveillance.  Finally, it is his/her duty to ensure that workers are following agreed procedures to control exposure to NPs.
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APPENDIX 1

HEALTH RECORD PARTICULARS

The following particulars, approved by the HSE, must be kept for each individual place under health surveillance.

(a) Identifying details:

(i) Surname and forenames

(ii) Gender

(iii) Date of Birth

(iv) Permanent Address

(v) National Insurance Number

(vi) Date of when work with nanoparticles commenced and history of exposure to nanoparticles.

(b) Health surveillance results:

(i) Dates when carried out

(ii) By whom

(iii) Conclusions regarding fitness for work.

The health record must not contain clinical data.

The records must be kept for at least 40 years.

