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1.0
INTR0DUCTION

While waste is generally referred to as garbage, trash, rubbish, refuse etc., waste streams generally comprise of physical matter or liquefied effluents or gaseous/particulate discharges.  For the purpose of this handout it should be re-defined as:

· Discards or residues that can be no longer used for the original purpose intended.

· Materials or objects that the owner gets rid of as they are seen of no conceivable monetary value.

· Materials or objects which the owner is obliged to dispose of according to local or national regulations in force.

· Contaminated physical matter, liquids, gaseous/particulate discharges.

· Biological matter.

Today, some waste could be regarded as a ‘speciality product for which there is no market for at the present’.

Hazardous waste on the other hand is usually defined by legislation that varies from country to country. For instance, the US-EPA definition and approach to waste disposal is rather more complicated that the Ec. The Ec defines Toxic and Hazardous wastes as ‘wastes containing or which have been identified with the compounds or substances mentioned in the appendix to the Directive or substances in a condition or which are present in such quantities or concentration that they pose a risk to health or the environment’.

While all laboratories generate waste materials, it has been estimated that these only account for less than 1% of the total hazardous waste produced by industry. However, while laboratory wastes are substantially smaller, their composition is usually of greater biological/chemical diversity. 

It is hence prudent for each department to have a proactive waste management system in place for the collection and disposal of laboratory wastes. The waste system should be practical, flexible, safe, and economic relevant to the company. 

The main objectives of the system selected should be to ensure:

1. protection of the health and safety of employees and others

2. protection of the environment and neighbourhood

3. compliance with local, national and Ec legislation.

To be successful it is fundamental that there is (a) full commitment from the Head of Department and Senior College Administration, (b) a waste management plan, (c) clearly assigned responsibilities,  (d) written procedures for the collection, storage and disposal of laboratory wastes and (e) policies and practices directed to reduce volume of wastes generated and in so far as economically practicable, to re-use, recycle or recover useful materials.

N.B. In the above paragraph, (b) refers to laboratories only, whereas waste disposal should always be integrated into the overall management plan for environmental health & safety in organisations.    

2.0
LEGISLATION

The relevant legislation applicable to Universities has been previously in Document 1, Section. In particular the Safety, Health & Welfare at Work Act, 2005  and associated Regulations would regard waste disposal as no different as any other activity of the organisation. Under this Act employers have duties of care to their employees and others who have access to their premises e.g. waste collectors. 

Under environmental protection legislation, the law makes it clear that the responsibility for any waste (or any injury or pollution it causes), is directly attributable to the source i.e. the department/organisation producing it. This responsibility remains even when the waste has been removed and is in someone else’s possession. In other words, the organisation or company must ensure that it is disposed safely by the contractor.

It is possible therefore, for the originator of the waste to be held liable if the waste disposal agent commits an offence by not disposing of it safely and legally. Contractors for hazardous waste disposal should be selected with care to ensure they have a proven record in waste disposal and are authorised or approved by the local authority.

N.B.
In UCC, the Buildings and Estates Office and General Services play key roles in the disposal of licensed waste chemicals and general waste respectively. 

3.0
LABORATORY WASTE MANAGEMENT PLAN

The plan should be written as a manual and designed for the operations carried out in the particular laboratory. The personnel who will be responsible for its effective implementation should draw it up. All staff however, should be encouraged to participate in the planning process as it will be found that most of the practical procedures will be suggested by the formulators of the plan. It must outline policies, procedures and responsibilities and cover all phases of waste handling from its formation to final environmentally acceptable safe disposal. 

When eventually authorised by department management, the manual should be made available to all laboratory staff.

The waste management plan should include the following sections:

1) statutory requirements and legal responsibilities,

2) assigned and named staff responsibilities,

3) Planning for the accumulation and disposal of wastes prior to generation viz.

(a)  handling, containment and collection procedures

(b)  classification, segregation and labelling instructions

(c)  proper storage procedures (including utilising appropriate containers free of rust/defect)

(d)  proper disposal instructions 

4) Procedures for the destruction, neutralisation or rendering harmless of hazardous waste.

5) Disposal instructions of wastes via laboratory sinks i.e. types, quantities, dilution etc.

6) Protective Equipment, First aid and welfare facilities for handling hazardous waste.

7) requirements for waste disposal training & refresher training

8) listing all non-hazardous waste produced in the laboratory 

9) periodic checks on emergency and safety equipment required

10) provision for periodic housekeeping inspection or waste accumulation audits

11) schemes to reduce, recycle, reuse wastes produced

12) Regular review and assessment of plan, (at least yearly).

4.0
RESPONSIBILITIES 

To successfully achieve the objectives set out above requires team effort, training and assigned responsibilities. The size of the waste management team will vary from two to several people, depending on the size of the department. It could consist of laboratory managers, laboratory supervisors or personnel, stockroom personnel, chemical procurement personnel and dept. personnel. However, it is important that the team will cover total waste produced by all scientific laboratories, whether chemical, engineering, biological or medical. In some laboratories it may be necessary to nominate a technical individual with a part-time assignment to co-ordinate waste management.  

Waste disposal should be everybody’s responsibility or business as everyone deals with or creates waste in their area. This waste could consist of non-hazardous waste e.g. paper, styro-foam coffee cups, cardboard boxes etc. to waste that is defined as hazardous. The general problem is that there is often little awareness of the hazards that waste can create and that even ‘non-hazardous waste’ such as paper, cloths, wood or other combustible materials may result in devastating fires. Other ‘non-hazardous waste’ such as glass, metal cuttings and sharps present serious danger of injury/ill-health if not stored and disposed of properly.  

Every laboratory user should receive adequate training, at dept. level, in waste collection and disposal in so far as it affects his or her tasks. Even highly qualified scientists may need instruction and re-fresher courses on laboratory waste disposal. All scientific personnel and supervisors who takes professional pride in their work should also strive to set good examples when dealing with all categories of laboratory waste. 

Managers and supervisory staff have in addition to their normal duties, an obligation to monitor other staff to prevent bad practices becoming bad habits. All staff also have duties of care to non-technical staff who have access to laboratories such as waste collectors, cleaners, maintenance and others. Students and other non-technical staff should be urged not to touch anything that they are unsure of but to seek advice. They should also be encouraged to report anything that they know is wrong e.g. glass in plastic bags or hazardous materials left in sinks.              

It is essential that only certain specified people be allowed to perform hazardous waste disposal procedures. For example, the controlled burning of flammable substances or explosives, chemically neutralising carcinogens and poisons, operating autoclaves or macerators, etc. Other areas dealing with the disposal of radioactive substances, clinical wastes, biohazards etc. may be subject to special licences. Even the rendering harmless and disposal by discharge to sewers via laboratory sinks should comply with local authority conditions.  

5.0
ORGANISING WASTE DISPOSAL

The first stage in organising waste disposal is to identify the types of wastes generated or occurring in the laboratory, stockroom or receiving areas. The designated personnel in these areas will be responsible for providing this information. The next stage would be to categorise the types of waste occurring.  Lists should be made of recurring wastes showing quantities, types and where produced. Recommendations for their reduction and elimination may then proposed for a future action plan.

The three main categories of laboratory waste are generally:

(1) Unneeded or Surplus Materials

(2) Non Hazardous Waste

(3) Hazardous Waste

(1) Unneeded or Surplus Materials. 

This may consist of hazardous or non-hazardous materials and should segregated. After this stage it may be possible to return them to the original supplier, if they are in good condition. Included in this section are faulty materials or materials ordered in error and every effort should be made to return to supplier within a few days. Otherwise every effort should be made to recover, recycle or reuse materials before consigning to waste disposal.

Sometimes forgotten in this section are empty containers e.g. boxes, bottles or crates and pallets, that are free of chemical contamination. Most of these could be returned to the supplier, when deliveries are made. Empty gas cylinders should be returned promptly as they may incur rental charges. In many cases it has been found that it is cheaper to return partly used gas cylinders and buy one later, rather than keep them unused for several months.  Manufacturers are also legally obliged to accept the return of packaging materials under the provision of the current Waste Management, Packaging Regulations.

(2) Non Hazardous Waste  

This may consist of paper, domestic office waste all free of chemicals, sharp objects or infectious material. This could be put in black plastic bags and disposed of by municipal collection. 

Other ‘non hazardous’ waste may consist of glass, metal pieces, industrial waste or sharps, which would be non-toxic and non-infectious. These would require specially labelled robust containers or sharp boxes to protect handlers, before disposal.  

N.B.
Sharps and glass should not be disposed of in refuse bags.

(3) Hazardous Waste 

This category would require careful segregation and would include sub-classifications e.g.

· Explosive

· Flammable or combustible materials

· Toxic substances.

· Corrosives

· Reactive chemicals 

· Infectious or Biohazards. 

· Radioactive

Other items that make up hazardous waste would be the containers e.g. aerosol cans or cloths, paper, glass and other items which have been contaminated with the above substances. This would also apply to items involved with the clean up of laboratory spills. 

It cannot be overemphasised that the disposal of wastes in these categories requires specialist knowledge. It is obligatory that the personnel involved with or making recommendations about the handling, storing or disposing these materials have the necessary expertise, knowledge and training. 

In the meantime, every effort should be made to ensure that hazardous wastes are contained in safe, secure, dedicated receptacles while in temporary storage. (Information sources dealing with laboratory waste disposal are given in Section 7.0 below).

5.0 ORGANISING WASTE DISPOSAL (Cont.) 
NOTE:
Radioactive waste must be collected, stored and ultimately disposed of under the directions of the College Radiation Protection Officer and the requirements of the licence granted by the RPII.

· Infectious waste or materials (excluding needles) contaminated with human fluids or know bio-hazards should be segregated from normal waste and autoclaved prior to placing out for disposal in the communal waste skips.  Such waste, when potentially active or ‘live’ should be segregated at source in yellow plastic bags, labelled infectious waste and labelled with a biohazard warning sign.  Normal waste, paper etc. which is not contaminated, should be disposed of in a standard black bag.  When infectious waste has been autoclaved, the materials can be disposed of as general waste. 

· Sharps (needles, scalpels etc) contaminated with ‘potentially’ infected biological fluids should be collected in proprietary yellow sharp boxes.  The contents should be micro waved using an independent contractor after which the sharp box (with contents) may be disposed of in a skip, provided the box bears a ‘Contents irradiated label’.

6.0
HAZARDOUS WASTE REDUCTION

There are many excellent books on laboratory waste disposal, however if dept. personnel cannot prevent or reduce the amounts being created, the problem will become uncontrollable. Chemical stock control is critical from the point of limiting purchases to stock amounts and usage requirements. (This is well covered in Appendix XIX on Chemical Storage). However, this should be coupled with forward planning policy of experimental work, which may include the following: 

· purchasing chemicals in smaller quantities and using only what is needed from week to week

· ensuring all laboratory experiments will include waste destruction or rendering harmless of wastes generated

· replacing hazardous reagents with less hazardous ones

· ensuring waste fumes/gas expelled via a fume cupboard exhaust is scrubbed/neutralised where necessary

Another area would be to reduce the scale of the work by new technology. Micro-technology can not only reduce the cost of apparatus, energy and amount of chemicals used, it also greatly reduces waste volumes. Some of these methods include micro-analytical techniques like:

· micro-processor controlled highly sensitive balances

· high performance chromatographic separators and purifiers.

· analytical spectrometers 

· micro scale apparatus and glassware

· modern equipment which is designed to capture fugitive emissions

There should also be procedures to deal with “free” research chemicals donated to the researcher or given free as promotions by some major suppliers. These tend to be left on the shelves or store after the researcher/ postgraduate has left the institution for somebody else to handle. Included here should be ‘orphan’ containers that are left unlabelled by personnel who are no longer working or otherwise unavailable. This problem usually occurs in institutions where there is a high turnover of research workers.  

N.B. where unidentifiable chemicals accumulate, the analytical assistance of the Chemistry Department should be sought to identify the contents.

While mindful of Appendix XIX (mentioned above), which covers the need for regular checks on stocks, one should be always mindful that many reagents deteriorate in medium to long term storage. These are chemicals that react with air, moisture or even light. Many bioassay chemicals tend to lose their purity and their expiry date should be regularly checked. Severe hazards occur with pyrophoric or peroxide forming chemicals and any containers that have been opened or have exceeded their storage time limit should be removed for disposal.

7.0
INFORMATION SOURCES
Valuable information about the storage, handling and disposal of hazardous waste may be obtained from the following sources or their specific web sites:

7.1 Manufactures and Suppliers 

7.2 Laboratories

7.3 Government or Environmental agencies e.g. HSE (U.K.), HSA, EPA (Ire. and US)

7.4 Institutions

7.5 Literature   

7.1 Manufactures and Suppliers 

Suppliers have a legal duty to furnish technical advice to users to ensure safe use and handling of their products. This information is provided in the maker’s Safety Data Sheets (SDS). This information is given under EC Directive 16 obligatory headings and would also cover disposal considerations, handling and storage, accidental release and ecological information. 

The problem is that generally the waste is not the pure product as was originally purchased. Good suppliers will however, be found to be helpful when their chemicals were involved in creating the waste.

7.2 Laboratories

Personnel involved with the production of hazardous waste do know a great deal about the properties of its components. These could be toxic, explosive, infectious, reactive, shock sensitive etc., so this is where there is a starting point of technical information. It also gives useful clues as to a safe means of disposal. 

7.3 Government or Environmental agencies

Most companies are slow to approach local and national government agencies when seeking advice on waste disposal as they feel they are showing they have a problem and may be checked up on. In fact, the opposite usually occurs and these agencies are pleased that the organisation is trying to deal with their waste in a responsible and well-intentioned manner. The local authorities responsible for waste collection & disposal are useful sources of information regarding authorised disposal contractors to statutory requirements applicable. The Environmental Protection Agency (EPA) is another very useful government body. The Health & Safety Authority has also been found to be extremely helpful, especially on the safety measures required under legislation. 

7.4
Institutions

Local institutions and other educational establishments that deal with waste problems should be contacted as they have a wealth of information and methods of dealing with hazardous waste. These could be other universities or institutes that deal with waste disposal issues and have ‘clean technology centres’.   Other researchers may also be interested in utilising a particular waste chemical as a feed source material in their experiments.  Contacts could be made via normal academic channels and the Internet.

7.5 Literature   

There are many excellent books on laboratory safety, which include sections on chemical waste disposal. The following are some which are of significant value in the decision making process. The list is not meant to be comprehensive and other useful books are currently on the market.

Foundations of Laboratory Safety - A Guide for the Biomedical Laboratory.  S. R. Rayburn (Springer - Verlag).

Safety in Clinical and Biomedical Laboratories. C.H. Collins (Chapman & Hall)
The Safe Disposal of Clinical Waste, HSC, HMSO.

CRC Handbook of Laboratory Safety. 4th Ed. A .K. Furr (CRC Press).

Handbook of Laboratory Waste Disposal.   M.J. Pitt & E. Pitt (John Wiley & Sons).

Waste Disposal in Academic Institutions. J.A. Kauffman (Lewis Publishers Inc.)

Hazardous Laboratory Chemicals, Disposal Guide.  N.A. Armour (CRC Press).

Prudent Practices for Disposal of Chemicals from Laboratories National Research Council, National Academic Press 

Academic Laboratory Chemical Hazards Guidebook.  W. J. Mahn  (Van Nostrand Reinhold).

Safe Storage of Laboratory Chemicals.  D. Al. Pipitone (John Wiley & Sons).

Fire Protection Guide on Hazardous Chemicals. 4th Ed. (NFPA) 

Laboratory Organisation and Management.  Grover and Wallace (Butterworths).
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