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1. Scope

This SOP describes optimal operation of the biological safety cabinet through regular servicing, certification and preventive maintenance. The biological safety cabinet is a fragile, precision piece of equipment intended for protecting the user (the TB laboratory worker) from airborne aerosols that may cause infection. Both class I and class II biological safety cabinets are adequate for TB laboratories. 
2. Definitions and abbreviations
anemometer


 Instrument for measuring the velocity of air.
downflow



Vertical airflow inside the biosafety cabinet.
exhaust airflow


Air leaving the biosafety cabinet (recirculated to the room or ducted to the outdoors).
inward airflow


Air entering the cabinet; it is equivalent to exhaust airflow.

BSC :
biological safety cabinet
BSL:
biosafety level

HEPA : 
high-efficiency particulate air
PPE:
personal protective equipment
UPS: 
uninterrupted power supply
UV:
ultraviolet light; for this application it should be UV-C (short wave, germicidal)
GMT: 
good microbiological techniques – working methods applied to eliminate or minimize exposure to pathogens, e.g. aerosols, splashes, accidental inoculation

3. Personnel 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, annually or bi-annually;

· after any biohazard incident;

· 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.

3.2 Education and training

Basic education and training must be given on the following topics:

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

· precautions to be taken to minimize aerosol formation and prevent exposure;

· hygiene requirements;

· wearing and use of protective equipment and clothing;

· handling of potentially infectious materials;

· laboratory design, including airflow conditions;

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

· good laboratory practice and good microbiological techniques;

· organization of work flow from clean to dirty areas;
· waste management;
· use of anemometer (operation, identification of malfunctions, maintenance).
The training shall be:

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

· adapted to take account of new or changed conditions; and

· repeated periodically, preferably every year.

4. Procedure

4.1  Principle

A class I BSC is an open-fronted ventilated cabinet with a unidirectional inward airflow away from the operator. Exhaust air is hard-ducted through HEPA filters (Figure 1). The HEPA filter traps 99.97% of particles of 0.3 µm in diameter and

99.99% of particles of greater or smaller size. The class I BSC provides protection for the worker and the environment but does not protect the product (specimens, strain cultures) against contamination. 
A class II BSC additionally provides protection of the product (specimens, strain cultures) against contamination by recirculating part of the HEPA-filtered air in a laminar vertical flow inside the cabinet so that a “curtain “ of clean air descends across the whole working surface. A class II BSC should be vented to the outside through a thimble or with hard ducting (Figure 2).

Both class I and II BSCs must be installed under the supervision of an engineer from (or authorized by) the manufacturing company.

4.2 Samples 

Specimens for isolation and culture of tubercle bacilli.

 Cultures of tubercle bacilli and other mycobacterial species.
4.3 Equipment and materials 

4.3.1 PPE 

Personnel should be equipped with appropriate personal protective equipment (see SOP on PPE).

4.3.2 BSCs

Class I and II BSCs should have a visible front display of current face velocity. 

BSCs should be vented to the outside in accordance with Table 1. 
[image: image1.emf]
Figure 1. Schematic diagram of a Class I  biological safety cabinet.
A, front opening; B, sash; C, exhaust HEPA filter; D, exhaust plenum
(Source: Laboratory biosafety manual, 3rd ed.  Geneva, World Health Organization, 2004)

[image: image2.emf]
Figure 2 Schematic diagram of a class IIB1 biological safety cabinet

A, front opening; B, sash; C, exhaust HEPA filter; D, supply HEPA filter; E, negative-pressure exhaust plenum; F, blower; G, HEPA filter for supply air. Connection of the cabinet exhaust to the building exhaust air system is required.

(Source: Laboratory biosafety manual, 3rd ed.  Geneva, World Health Organization, 2004)

Table 1. Differences between Class I and class II biological safety cabinets

(Source: Laboratory biosafety manual, 3rd ed.  Geneva, World Health Organization, 2004)
	BSC class
	Face velocity (m/s)
	Airflow (%)
	Exhaust system

	
	
	Recirculated       
	Exhausted
	

	Ia
	0.36b
	0
	100
	Hard duct

	IIA1
	0.38–0.51
	70
	30
	Thimble connectionc

	IIA2a
	0.51
	70
	30
	Thimble connectionc

	IIB1a
	0.51
	30
	70
	Hard duct

	IIB2a
	0.51
	0
	100
	Hard duct


a All biologically contaminated ducts are under negative pressure or are surrounded by negative pressure ducts and plenums. b Note that according to the  standard EN 12469, face velocity should be within the range 0.7 - 1 m/s c For safety reasons in dealing with risk group 3 pathogens (TB bacilli), exhaust to the room should be avoided.

The BSC should be located away from sources of air disturbance such as doors, windows, air-conditioning, ventilation supply or return outlets, exhaust fans, etc. Personnel traffic in front of the BSC should be minimized to avoid disrupting the airflow.
The BSC must be connected to a suitable UPS system (with capacity for at least 15 minutes of extra running time) along with an inverter in any location where the electricity supply may be interrupted.
Warning: In case of power failure, infectious particles are no longer trapped to the HEPA filter and flow back to the open front of the BSC, constituting a major biohazard for personnel.
4.3.3 Anemometer

Appropriate thermal or rotational anemometer, portable, with a telescopic extension for the probe, automatic temperature compensation up to 80 °C, and multiple range selectors (velocity range). The velocity resolution of the measurement should be at least 0.01 m/s in the lowest velocity range. The housing of the instrument should be robust, sealed against dust and moisture and able to be disinfected with 70% alcohol. The keypad should be covered for protection.
Anemometers must be calibrated in the horizontal and vertical planes according to the manufacturer's instructions.

4.3.4 Smoke generator
Commercial airflow testers are recommended. They are small glass tubes, sealed at each end. Both ends are broken off with the tool provided and a rubber bulb is fitted to one end. Pressing the bulb to pass air through the tube causes it to emit white smoke.
4.4 Reagents and solutions

70% alcohol
4.5 Detailed instructions for use

4.5.1 Certification
Certification must be done by a qualified service professional before the BSC is put into service and annually thereafter. The BSC must be re-certified whenever it has been relocated, serviced or repaired and after HEPA filters have been changed. 
Re-certification should include tests for cabinet integrity, HEPA filter leaks, downflow velocity profile, face velocity, negative pressure/ventilation rate, air-flow smoke pattern, and alarms and interlocks. Optional tests for electrical leaks, lighting intensity, ultraviolet light intensity, noise level and vibration may also be conducted. 

Special training, skills and equipment are required to perform these tests

and it is highly recommended that they are undertaken by a qualified professional. 

4.5.2  Daily use
· Switch on the BSC airflow 5–15 minutes before use (check the manufacturer's instructions).
· Check the airflow conditions on the display (models that indicate positive, negative or differential pressure, with an accuracy of 2%, may be available).
· Complete the check-off form (see annex 1). If the reading is below the threshold, do not use the BSC and immediately alert the head of the laboratory.
· If the airflow conditions are adequate, wipe the work surface, interior walls and interior of the glass window with 70% alcohol.
· Assemble all items needed for work in the BSC to avoid frequent displacements.
· Place items so that active work flow from clean to contaminated areas across the work surface.
· Organize the work to minimize arm movements. Arm movements in and out of the BSC should be horizontal so as to minimize turbulence and prevent air inside the BSC from flowing out. Conduct all manipulations within the BSC as far as possible towards the back of the unit.

· Do not overcrowd the working area as this disturbs the airflow.  In class II BSCs, never allow the grille to be covered by anything. 
· Have a small autoclavable waste bag and/or a container with disinfectant for liquid waste (and for sharps if needed) inside the BSC. Do not accumulate waste in the BSC – remove it when activities are finished.
· After use, allow the BSC to operate within 5 minutes to allow the cabinet to purge (to allow time for contaminated air to be removed from the interior of the BSC).

· Wipe the work surface, interior walls and interior of the glass window with 70% alcohol.
· If the BSC is equipped with UV lamps, switch on the UV light and leave for a minimum of 30 minutes.
· Switch off the BSC fan.
4.5.2  Weekly maintenance 
If the BSC is equipped with UV lamps, clean the UV lamp with a gauze pad moistened with 70% alcohol.  Always wear gloves, never touch the lamp with bare hands.  
4.5.2  Monthly maintenance 

Qualitative check
Perform a qualitative check with a smoke generator across the entire width of the BSC opening. The smoke test is an indicator of airflow direction, not of velocity. 
Airflow smoke patterns tests are performed to determine whether:

· the airflow along the entire perimeter of the work access opening is inward,
· there is refluxing to the outside at the window wiper gasket  and side seals.
In addition in class II BSCs, the smoke test allows to determine whether:

· airflow within  the work area is downward with no dead spots or refluxing,
· ambient air passes onto or over the work surface.
If the BSC is found to be defective, alert the head of the laboratory.
Air flow measurements

Air flow measurements should be measured using an anemometer. User's tests are restricted to downward airflow measurement in a Class II BSC. 
· To determine airflow velocity over a large cross-section, which is the case for a BSC, measurements have to be taken at several points distributed over the whole plane. The average of the measured values is assumed to represent the average airflow velocity. 
· The instrument should be equilibrated to ambient temperature before the voltage difference is zeroed, because the temperature difference between the two thermistores (one protected and one cooled by airflow) is measured and converted into air velocity.

· The sensor at the telescope should be placed at the desired point, directed (most instruments have an arrow) according to the airflow; airflow over the sensor should be free and unhindered.
· The sensor tip must be kept stationary in a stable position while a measurement is taken.

· Measurement at any position should be made over ≥ 60 seconds. 
· Positions and interpretation of measurements are indicated in Annex 1. 
4.6 Recording and reporting
Each use of the BSC should be recorded in the logbook (Annex 2). These records are used for maintenance/service schedules, specifically for checking airflow velocities, replacing the UV lamp. BSC servicing forms (Annex 3) should be used for reporting incidents, accidents and/or mechanical problems. They should be kept on file for a minimum of 1 year, after which they may be archived.

After re-certification, the service professional must issue a certificate indicating the performance characteristics of the BSC and safety compliance. The most recent inspection certificate must be displayed close to the BSC. Certificates should be retained in the archives for as long as the BSC is in use in the laboratory.
4.7 Quality control
In case of any problem or malfunction, an “Out of Service” notice must be displayed on the BSC indicating that it is not to be used until the problem has been diagnosed and corrected.
The BSC must be re-certified by a qualified service professional at least once a year and after every replacement of filters.

4.8 Safety precautions

4.8.1  Waste management

At the end of each day, collect autoclavable bags containing contaminated material and autoclave as soon as possible. 
4.8.2  Personal protection

Refer to specific SOP for details of protective clothing for use in TB culture/DST laboratories.
4.8.3  Other
Never work in the BSC with the UV lamp on.
Replace UV lamps at the end of the period of use recommended by the manufacturer (cumulative duration of BSC use is recorded in the logbook). Use gloves to remove lamps. Wipe with a disinfectant and discard following national guidelines for special waste. 

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.

Fumigation must be carried out by a qualified service professional.
Users are not to make any repairs.  Repair and service of the BSC must be carried out by a qualified service professional.
Any problem or malfunction detected must be reported to the laboratory manager, who will contact the maintenance contractor to correct the problem/malfunction as soon as possible.

HEPA filters must never be touched by personnel and no attempt should be made to clean or disinfect filters using chemical or mechanical methods. 

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 (available at: http://www.cdc.gov/od/ohs/biosfty/bmbl5/BMBL_5th_Edition.pdf).

Primary containment for biohazards: selection, installation and use of biological safety cabinets, 3rd ed. Washington, DC, United States. Department of Health and Human Services/Centers for Disease Control and Prevention/National Institutes of Health, 2007. Available at: http://www.cdc.gov/od/ohs/biosfty/primary_containment_for_biohazards.pdf
Collins C, Grange J, Yates M. Organization and practice in tuberculosis bacteriology. London, Butterworths, 1985.

Furr A. CRC handbook of laboratory safety, 5th ed. Boca Raton, FL, CRC Press; 2000.

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.

Kent PT, Kubica GP. Public health mycobacteriology: a guide for the level III laboratory. Atlanta, GA, United States Department of Health and Human Services, Centers for Disease Control, 1985.

Laboratory biosafety manual, 3rd ed. Geneva, World Health Organization, 2004  (available at: http://www.who.int/csr/resources/publications/biosafety/WHO_CDS_CSR_LYO_2004_11/en/

Laboratory services in tuberculosis control. Part III: Culture. Geneva, World Health Organization, 1998 (WHO/TB/98.258).
Maintenance manual for laboratory equipment, 2nd ed. Geneva, World Health Organization, 2008 (available at www.who.int/entity/diagnostics_laboratory/documents/guidance/guidance2/en/)
Rieder HL et al. The public health service national tuberculosis reference laboratory and the national laboratory network. Paris, International Union Against Tuberculosis and Lung Disease, 1998.

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

Annex 1: Measurements of downward airflow velocity in a class II BSC.
A.1 BSC dimensions: 120 cm width, 60 cm depth
The anemometer is placed over the work area, 5 cm above the lower edge of the front screen.
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A.2 BSC dimensions: 150 cm width, 60 cm depth

The anemometer is placed over the work area, 5 cm above the lower edge of the front screen.
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A.3 BSC dimensions: 180 cm width, 60 cm depth

The anemometer is placed over the work area, 5 cm above the lower edge of the front screen.
0              22                                67                                   112                             157            180 cm
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A.4 Interpretation of measurements 

Measurements are made for each position indicated in the Annexes above.

The time for measurement is 60 seconds per measuring point.

Report measurements in the table

	Position
	Air flow velocity (m/s)

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	Total
	

	Average: (Total / 8)
	


Interpretation 

· According to EN 12469:2000 

Air flow velocity should be within the range  0.25 - 0.50 m/s. Additionally no individual measurement should differ more than 20% of the value indicated by the manufacturer 

Compare the average (determined) _______m/s to the reference of the manufacturer      _________m/s +/- 20% 

· According to NSF 49 

Requires the compliance to the manufacturers' set points or down flow velocity with a deviation of 0.025m/s from nominal set point.

Compare the average (determined) _______m/s to the reference of the manufacturer      _________m/s  +/- 0.025m/s 

Annex 2: BSC logbook - daily/weekly maintenance form
	Date
	Time of use
	Cumulative duration of use
	Cumulative duration of use of UV lamps
	Operator's name
	Visual alarm
	Sound alarm
	Smoke test
	Airflow

m/s
(for class II BSC)
	Observations

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	Change UV lamps after XXX hours of use (according to manufacturer's recommendations)


	
	
	
	
	
	


Annex 3: BSC servicing form
	ITEM IDENTIFICATION

	Equipment:
BSC CLASS I OR CLASS II
	Brand name:

	Purchase date:
	Model/type:

	Location within laboratory:
	Serial no.

	Warranty expiry date:

	Manufacturer:
	Tel:

	Address:.

	Contact person:

	Technical service representative:
	Tel:


	PERIODICITY:

	Date
	
	Operation
	Operator

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


	FAILURE EVENTS

	Date
	Event 
	Corrective action taken
	Operator

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


0                  15                            45                                      75                               105            120 cm
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