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1. Scope

This SOP describes the procedure for fumigating a biological safety cabinet (BSC) in TB laboratories. It is strongly recommended that this highly specialized procedure be performed by a certified professional. 
Fumigation of the BSC is required before:

· replacement of HEPA filters;
· release of the BSC for use after a major biohazardous spill;
· repair work requiring access to the sealed plenum;
· service or replacement of the circulation fan or components;
· maintenance work in contaminated areas;
· performance tests requiring entry into contaminated areas;
· movement of the BSC cabinet to another laboratory;
· changing work programmes, e.g. to non-TB work;
· release of the BSC cabinet for resale or salvage.

2. Definitions and abbreviations
formalin 
A commercially available 36–40% solution of formaldehyde vapour in water.
incident

An event that gives rise to an accident or has the potential to lead to an accident.
accident

An undesired event giving rise to death, ill-health, injury, damage, loss or distress.

BSC: 
biological safety cabinet
FFP :   filtering facepiece particles
HEPA:
high-efficiency particulate air

NA: 
not applicable

ppm: 
parts per million
3. Personnel pre-qualifications 

3.1 Medical fitness

In accordance with national laws and practices, arrangements should be made for  appropriate health surveillance of TB laboratory workers:

· before enrolment in the TB laboratory;

· at regular intervals thereafter;

· after any biohazard incident, annually or bi-annually;
· at the onset of TB symptoms.

Ideally, individual medical records shall be kept for up to 10 years following the end of occupational exposure.

Laboratory workers should be educated about the symptoms of TB and provided with ready access to free medical care if symptoms arise.
Confidential HIV counselling and testing should be offered to laboratory workers. Options for reassignment of HIV-positive or immuno-suppressed individuals away from the high-risk areas of the TB laboratory should be considered.
All cases of disease or death identified in accordance with national laws and/or practice as resulting from occupational exposure to biological agents shall be notified to the competent authority.

Because of the high risk of infection associated with this procedure, it should preferably be carried out only by persons over 18 years of age, who are not pregnant and who have no immunodeficiency of any cause (genetic disorder, infection, immunosuppressive therapy).
3.2 Education and training

The certified professional who undertakes fumigation of the BSC should have appropriate education and authorization through his or her own company. Should a certified professional not be available, the technician performing the procedure should receive education and training on the following topics::

· potential risks to health (symptoms of TB disease and transmission);

· hygiene requirements;

· wearing and use of protective equipment and clothing;

· handling of potentially infectious materials;
· waste handling;
· prevention of incidents and steps to be taken by workers in the case of incidents (biohazard incidents, chemical, electrical and fire hazards);

· laboratory design, including airflow conditions;

· handling of hazardous chemicals;

· countermeasures to be taken in case of unexpected events.

The training shall be:

· given before the staff member takes up his/her post
· strictly supervised;

· adapted to take account of new or changed conditions; 

· repeated periodically, preferably every year.

The procedure must be performed under the close supervision of a senior professional before the trainee is allowed to practise alone.
4. Procedure

4.1 Principle
Fumigation with formaldehyde vapour is an extremely effective bactericidal procedure. Water has to be added to the formalin prior to vaporization since water vapour generated in the process of dispersing formaldehyde provides the optimum level of relative humidity (minimal 70%) essential for the effectiveness of the fumigation method.
4.2 Samples
NA
4.3 Equipment and materials

BSC ducted to the outside. If the BSC is vented to the outside through a thimble, manufacturer's safety measures should be carefully followed to seal the BSC and prevent fumigant leakage in the room.
Sealing tape

Plastic sheeting

Filter bags, suitable for autoclaving
Protective clothing, including FFP2/N95 respirators 
Warning sign - DO NOT ENTER (see an example below)
4.4 Reagents and solutions

Formalin, 40% solution of formaldehyde vapour in water, commercially available.
The quantity of formalin required is approximately 2 ml per 0.028 m3 of the BSC internal air space. In practical terms, this means 30 ml of formalin mixed with 30 ml of water for a large (180 cm long) BSC or 25 ml each of formalin and water for a smaller (120 cm long) BSC.

Formaldehyde can be generated by boiling the mixture of formalin and water in a thermostatically controlled heating unit, such as an electric frying pan or a vaporizing unit.
4.5 Detailed instructions
· Switch off the cabinet fans.
· Fill the vaporizer or other heating device with the correct amount of formalin and place it in the BSC.
·  The heating device should be controlled through a timer connected to the internal plug in the BSC. Connections to an external plug via an extension cord may cause leakage.

· Set the timer for the duration of the heating process. 

·  Set the timer so that the vaporizer or heating device switches on after a delay sufficient to allow sealing of the BSC.

· Seal the front screen and closure panel with plastic sheeting and sealing tape to ensure that there are no leaks.

· Display a warning sign at the laboratory entrance to indicate that fumigation is in process and that unauthorized persons are not permitted to enter.
· After half the formalin has evaporated, switch the BSC fan on for 10–15 seconds to expedite the passage of formaldehyde through the filter.
· After all the formalin has evaporated, switch the heating device off; switch the BSC fan on again for 10–15 seconds.
· Leave the BSC in this condition for a minimum of 6 hours and preferably       overnight.

· Before venting the formaldehyde, check that no one is in the vicinity of the exhaust outlet.
· Switch on the BSC fan and unseal about 2–3 cm of the front screen for high-velocity influx. After 10 minutes, the sealing may be removed completely. 
· Run the BSC for at least 30 minutes to remove the last traces of formaldehyde.
·  Clean the inner surface of the BSC with a damp cloth.
·  Remove the warning sign.

· Note: if the BSC has an automatic fumigation cycle, follow the detailed instructions for fumigation provided in the manufacturer's manual.
Replacement of filters

· Even after fumigation, the HEPA filters should be considered as safe to handle with appropriate PPE rather than sterile. Appropriate personal protective equipment should be used when handling BSC filters, including laboratory coat, overshoes, goggles, single-use disposable FFP2/N95 or FFP3 respirator and thick rubber gloves. After removal, HEPA filters are placed in an autoclavable bag large enough to be sealed and discarded (see below). 
·  A new HEPA filter, with specifications adequate for the BSC model, should be installed according to the manufacturer's instructions. Functional integrity of the BSC must be checked and re-certified by a qualified service professional (see relevant SOP on maintenance and use of a BSC)
4.6 Reporting

The date of the fumigation and the operator's name should be recorded in the BSC maintenance logbook.
4.7 Quality control
NA
4.8 Waste management and safety precautions
Extreme care must be taken at all times when handling formalin. It causes burns and is very toxic by inhalation, It is very destructive of mucous membranes such as the upper respiratory tract, eyes and skin.

For humans, the maximum exposure limit for formaldehyde is 2 ppm or 2.5 mg/m3. During fumigation, the concentration is many hundreds of times higher than this; thus It is strongly recommended that this highly specialized procedure be performed by a certified professional. If there is any lingering smell of formaldehyde once the fumigation procedure is finished, there should be additional ventilation of the laboratory before normal use is resumed.
Warning. Formaldehyde can react with hydrochloric acid and chlorine-containing disinfectants to form bis-chlormethyl-ether, a potent lung carcinogen. Hydrochloric acid, hypochlorite (bleach) and other chlorine-containing disinfectants must be removed from BSC and its environment before fumigation begins.
Fumigated filters must be wrapped in sealed bags and be autoclaved and incinerated. 

Given the difficulties associated with fumigating a room, not least the difficulty of completely sealing the room to prevent escape of formaldehyde into other areas, any plans for fumigation must be carefully considered, fully justified and risk-assessed. 

5. Related documents
Manufacturer’s manual, specific to each BSC

Biosafety in microbiological and biomedical laboratories, 5th ed. Washington, DC, 2007. United States Department of Health and Human Services/Centers for Disease Control and Prevention/National Institutes of Health, 2007.
Collins C, Kennedy D. Laboratory acquired infections: history, incidence, causes and prevention, 4th ed. Oxford, Butterworth-Heinemann, 1999.

Health Canada. Laboratory biosafety manual, 2nd ed. Ottawa, Minister of Supply and Services Canada, 1996.

Health Services Advisory Committee. Safe working and the prevention of infection in clinical laboratories. London, HSE Books, 1991.
Laboratory biosafety manual, 3rd ed. Geneva, World Health Organization, 2004.

Standards Australia/Standards New Zealand. Safety in laboratories - microbiological aspects and containment facilities. Sydney, Standards Australia International, 2002.

Example of a warning sign
	WARNING

DO NOT ENTER
FORMALDEHYDE GAS

DECONTAMINATION 

MAJOR CHEMICAL HAZARD




