PART III

Laboratory equipment

10. Biological safety cabinets

Biological safety cabinets (BSCs) are designed to protect the operator, the laboratory
environment and work materials from exposure to infectious aerosols and splashes
that may be generated when manipulating materials containing infectious agents, such
as primary cultures, stocks and diagnostic specimens. Aerosol particles are created by
any activity that imparts energy into a liquid or semiliquid material, such as shaking,
pouring, stirring or dropping liquid onto a surface or into another liquid. Other
laboratory activities, such as streaking agar plates, inoculating cell culture flasks with
a pipette, using a multichannel pipette to dispense liquid suspensions of infectious
agents into microculture plates, homogenizing and vortexing infectious materials, and
centrifugation of infectious liquids, or working with animals, can generate infectious
aerosols. Aerosol particles of less than 5 µm in diameter and small droplets of 5–100 µm
in diameter are not visible to the naked eye. The laboratory worker is generally not
aware that such particles are being generated and may be inhaled or may crosscontaminate work surface materials. BSCs, when properly used, have been shown to
be highly effective in reducing laboratory-acquired infections and cross-contaminations
of cultures due to aerosol exposures. BSCs also protect the environment.
Over the years the basic design of BSCs has undergone several modifications. A
major change was the addition of a high-efficiency particulate air (HEPA) filter to the
exhaust system. The HEPA filter traps 99.97% of particles of 0.3 µm in diameter and
99.99% of particles of greater or smaller size. This enables the HEPA filter to effectively
trap all known infectious agents and ensure that only microbe-free exhaust air is
discharged from the cabinet. A second design modification was to direct HEPA-filtered
air over the work surface, providing protection of work surface materials from
contamination. This feature is often referred to as product protection. These basic
design concepts have led to the evolution of three classes of BSCs. The type of protection
provided by each is set out in Table 8.
Note. Horizontal and vertical outflow cabinets (“clean-air work stations”) are not
biological safety cabinets and should not be used as such.
Class I biological safety cabinet
Figure 6 provides a schematic diagram of a Class I BSC. Room air is drawn in through
the front opening at a minimum velocity of 0.38 m/s, it passes over the work surface
and is discharged from the cabinet through the exhaust duct. The directional flow of
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Table 8. Selection of a biological safety cabinet (BSC), by type of protection needed
TYPE OF PROTECTION

BSC SELECTION

Personnel protection, microorganisms
in Risk Groups 1–3

Class I, Class II, Class III

Personnel protection, microorganisms
in Risk Group 4, glove-box laboratory

Class III

Personnel protection, microorganisms
in Risk Group 4, suit laboratory

Class I, Class II

Product protection

Class II, Class III only if laminar flow included

Volatile radionuclide/chemical protection,
minute amounts

Class IIB1, Class IIA2 vented to the outside

Volatile radionuclide/chemical protection

Class I, Class IIB2, Class III

air whisks aerosol particles that may be generated on the work surface away from the
laboratory worker and into the exhaust duct. The front opening allows the operator’s
arms to reach the work surface inside the cabinet while he or she observes the work
surface through a glass window. The window can also be fully raised to provide access
to the work surface for cleaning or other purposes.
The air from the cabinet is exhausted through a HEPA filter: (a) into the laboratory
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Figure 6. Schematic diagram of a Class I biological safety cabinet.
A, front opening; B, sash; C, exhaust HEPA filter; D, exhaust plenum.
• 52 •

10. BIOLOGICAL SAFETY CABINETS

and then to the outside of the building through the building exhaust; (b) to the outside
through the building exhaust; or (c) directly to the outside. The HEPA filter may be
located in the exhaust plenum of the BSC or in the building exhaust. Some Class I
BSCs are equipped with an integral exhaust fan, whereas others rely on the exhaust
fan in the building exhaust system.
The Class I BSC was the first recognized BSC and, because of its simple design, is
still in wide use throughout the world. It has the advantage of providing personnel
and environmental protection and can also be used for work with radionuclides and
volatile toxic chemicals. Because unsterilized room air is drawn over the work surface
through the front opening, it is not considered to provide consistently reliable product
protection.
Class II biological safety cabinets
As the use of cell and tissue cultures for the propagation of viruses and other purposes
grew, it was no longer considered satisfactory for unsterilized room air to pass over
the work surface. The Class II BSC was designed not only to provide personnel
protection but also to protect work surface materials from contaminated room air.
Class II BSCs, of which there are four types (A1, A2, B1 and B2), differ from Class I
BSCs by allowing only air from a HEPA-filtered (sterile) supply to flow over the work
surface. The Class II BSC can be used for working with infectious agents in Risk
Groups 2 and 3. Class II BSCs can be used for working with infectious agents in Risk
Group 4 when positive-pressure suits are used.
Class II type A1 biological safety cabinet
The Class II type A1 BSC is shown in Figure 7. An internal fan draws room air (supply
air) into the cabinet through the front opening and into the front intake grill. The
inflow velocity of this air should be at least 0.38 m/s at the face of the front opening.
The supply air then passes through a supply HEPA filter before flowing downwards
over the work surface. As the air flows downwards it “splits” about 6–18 cm from the
work surface, one half of the downwards flowing air passing through the front exhaust
grill, and the other half passing through the rear exhaust grill. Any aerosol particles
generated at the work surface are immediately captured in this downward airflow and
passed through the front or rear exhaust grills, thereby providing the highest level of
product protection. The air is then discharged through the rear plenum into the space
between the supply and exhaust filters located at the top of the cabinet. Owing to the
relative size of these filters, about 70% of the air recirculates through the supply HEPA
filter back into the work zone; the remaining 30% passes through the exhaust filter
into the room or to the outside.
Air from the Class IIA1 BSC exhaust can be recirculated to the room or discharged
to the outside of the building through a thimble connection to a dedicated duct or
through the building exhaust system.
Recirculating the exhaust air to the room has the advantage of lowering building
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Figure 7. Schematic representation of a Class IIA1 biological safety cabinet.
A, front opening; B, sash; C, exhaust HEPA filter; D, rear plenum; E, supply HEPA filter;
F, blower.

fuel costs because heated and/or cooled air is not being passed to the outside
environment. A connection to a ducted exhaust system also allows some BSCs to be
used for work with volatile radionuclides and volatile toxic chemicals (Table 8).
Class II type A2 vented to the outside, B1 and B2 biological safety cabinets
Class IIA2 vented to the outside, IIB1 (Figure 8) and IIB2 BSCs are variations of the
type IIA1. Their characteristics, along with those of Class I and Class III BSCs, are
indicated in Table 9. Each variation allows the BSC to be used for specialized purposes
(see Table 8). These BSCs differ from one another in several aspects: the air intake
velocity through the front opening; the amount of air recirculated over the work surface
and exhausted from the cabinet; the exhaust system, which determines whether air
from the cabinet is exhausted to the room, or to the outside, through a dedicated
exhaust system or through the building exhaust; and the pressure arrangements
(whether cabinets have biologically contaminated ducts and plenums under negative
pressure, or have biological contaminated ducts and plenums surrounded by negativepressure ducts and plenums).
Complete descriptions of the various Class IIA and IIB BSCs can be obtained from
references (7) and (8), and from manufacturers’ brochures.
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Figure 8. Schematic diagram of a Class IIB1 biological safety cabinet.
A, front opening; B, sash: C, exhaust HEPA filter; D, supply HEPA filter; E, negativepressure exhaust plenum; F, blower; G, HEPA filter for supply air. Connection of the
cabinet exhaust to the building exhaust air system is required.

Table 9. Differences between Class I, II and III biological safety cabinets (BSCs)
BSC

FACE VELOCITY (m/s)

a

Class I
Class IIA1
Class IIA2
vented to the
outsidea
Class IIB1a
Class IIB2a
Class IIIa

AIRFLOW (%)

EXHAUST SYSTEM

RECIRCULATED

EXHAUSTED

0.36
0.38–0.51

0
70

100
30

0.51

70

30

0.51
0.51
NA

30
0
0

70
100
100

Hard duct
Exhaust to room or thimble
connection
Exhaust to room or thimble
connection
Hard duct
Hard duct
Hard duct

NA, not applicable.
a
All biologically contaminated ducts are under negative pressure or are surrounded by negative pressure
ducts and plenums.
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Class III biological safety cabinet
This type (Figure 9) provides the highest level of personnel protection and is used for
Risk Group 4 agents. All penetrations are sealed “gas tight”. Supply air is HEPA-filtered
and exhaust air passes through two HEPA filters. Airflow is maintained by a dedicated
exhaust system exterior to the cabinet, which keeps the cabinet interior under negative
pressure (about 124.5 Pa). Access to the work surface is by means of heavy duty rubber
gloves, which are attached to ports in the cabinet. The Class III BSC should have an
attached pass-through box that can be sterilized and is equipped with a HEPA-filtered
exhaust. The Class III cabinet may be connected to a double-door autoclave used to
decontaminate all materials entering or exiting the cabinet. Several glove boxes can be
joined together to extend the work surface. Class III BSCs are suitable for work in
Biosafety Level 3 and 4 laboratories.
Biological safety cabinet air connections
A “thimble” or “canopy hood” is designed for use with Class IIA1 and IIA2 vented to
the outside BSCs. The thimble fits over the cabinet exhaust housing, sucking the cabinet
exhaust air into the building exhaust ducts. A small opening, usually 2.5 cm in diameter,
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Figure 9. Schematic representation of a Class III biological safety cabinet (glove box).
A, glove ports for arm-length gloves; B, sash; C, double-exhaust HEPA filters;
D, supply HEPA filter; E, double-ended autoclave or pass-through box; F, chemical
dunk tank. Connection of the cabinet exhaust to an independent building exhaust air
system is required.
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is maintained between the thimble and the cabinet exhaust housing. This small opening
enables room air to be sucked into the building exhaust system as well. The building
exhaust capacity must be sufficient to capture both room air and the cabinet exhaust.
The thimble must be removable or be designed to allow for operational testing of the
cabinet. Generally, the performance of a thimble-connected BSC is not affected much
by fluctuations in the airflow of the building
Class IIB1 and IIB2 BSCs are hard-ducted, i.e. firmly connected without any
openings, to the building exhaust system or, preferably, to a dedicated exhaust duct
system. The building exhaust system must be precisely matched to the airflow
requirements specified by the manufacturer for both volume and static pressure.
Certification of hard-duct connected BSCs is more time-consuming than that for BSCs
that recirculate air to the room or which are thimble-connected.
Selection of a biological safety cabinet
A BSC should be selected primarily in accordance with the type of protection needed:
product protection; personnel protection against Risk Group 1–4 microorganisms;
personnel protection against exposure to radionuclides and volatile toxic chemicals;
or a combination of these. Table 8 shows which BSCs are recommended for each type
of protection.
Volatile or toxic chemicals should not be used in BSCs that recirculate exhaust air
to the room, i.e. Class I BSCs that are not ducted to building exhaust systems, or
Class IIA1 or Class IIA2 cabinets. Class IIB1 BSCs are acceptable for work with minute
amounts of volatile chemicals and radionuclides. A Class IIB2 BSC, also called a total
exhaust cabinet, is necessary when significant amounts of radionuclides and volatile
chemicals are expected to be used.
Using biological safety cabinets in the laboratory
Location
The velocity of air flowing through the front opening into a BSC is about 0.45 m/s. At
this velocity the integrity of the directional air inflow is fragile and can be easily
disrupted by air currents generated by people walking close to the BSC, open windows,
air supply registers, and opening and shutting doors. Ideally, BSCs should be situated
in a location remote from traffic and potentially disturbing air currents. Whenever
possible a 30-cm clearance should be provided behind and on each side of the cabinet
to allow easy access for maintenance. A clearance of 30–35 cm above the cabinet may
be required to provide for accurate air velocity measurement across the exhaust filter
and for exhaust filter changes.
Operators
If BSCs are not used properly, their protective benefits may be greatly diminished.
Operators need to be careful to maintain the integrity of the front opening air inflow
when moving their arms into and out of cabinets. Arms should be moved in and out
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slowly, perpendicular to the front opening. Manipulations of materials within BSCs
should be delayed for about 1 min after placing hands and arms inside to allow the
cabinet to adjust and to “air sweep” the surface of the hands and arms. The number of
movements across the front opening should also be minimized by placing all necessary
items into the cabinet before beginning manipulations.
Material placement
The front intake grill of Class II BSCs must not be blocked with paper, equipment or
other items. Materials to be placed inside the cabinet should be surface-decontaminated
with 70% alcohol. Work may be performed on disinfectant-soaked absorbent towels
to capture splatters and splashes. All materials should be placed as far back in the
cabinet, towards the rear edge of the work surface, as practical without blocking the
rear grill. Aerosol-generating equipment (e.g. mixers, centrifuges, etc.) should be placed
towards the rear of the cabinet. Bulky items, such as biohazard bags, discard pipette
trays and suction collection flasks should be placed to one side of the interior of the
cabinet. Active work should flow from clean to contaminated areas across the work
surface.
The autoclavable biohazard collection bag and pipette collection tray should not
be placed outside the cabinet. The frequent in-and-out movement needed to use these
containers is disruptive to the integrity of the cabinet’s air barrier, and can compromise
both personnel and product protection.
Operation and maintenance
Most BSCs are designed to permit operation 24 h/day, and investigators find that
continuous operation helps to control the levels of dust and particulate materials in
the laboratory. Class IIA1 and IIA2 BSCs exhausting to the room or connected by
thimble connections to dedicated exhaust ducts can be turned off when not in use.
Other types such as IIB1 and IIB2 BSCs, which have hard-duct installations, must
have airflow through them at all times to help maintain room air balance. Cabinets
should be turned on at least 5 min before beginning work and after completion of
work to allow the cabinet to “purge”, i.e. to allow time for contaminated air to be
removed from the cabinet environment.
All repairs made on BSCs should be made by a qualified technician. Any malfunction
in the operation of the BSC should be reported and repaired before the BSC is used
again.
Ultraviolet lights
Ultraviolet lights are not required in BSCs. If they are used, they must be cleaned
weekly to remove any dust and dirt that may block the germicidal effectiveness of the
light. Ultraviolet light intensity should be checked when the cabinet is recertified to
ensure that light emission is appropriate. Ultraviolet lights must be turned off while
the room is occupied, to protect eyes and skin from inadvertent exposure.
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Open flames
Open flames should be avoided in the near microbe-free environment created inside
the BSC. They disrupt the airflow patterns and can be dangerous when volatile,
flammable substances are also used. To sterilize bacteriological loops, microburners
or electric “furnaces” are available and are preferable to open flames.
Spills
A copy of the laboratory’s protocol for handling spills should be posted, read and
understood by everyone who uses the laboratory. When a spill of biohazardous material
occurs within a BSC, clean-up should begin immediately, while the cabinet continues
to operate. An effective disinfectant should be used and applied in a manner that
minimizes the generation of aerosols. All materials that come into contact with the
spilled agent should be disinfected and/or autoclaved.
Certification
The functional operation and integrity of each BSC should be certified to national or
international performance standards at the time of installation and regularly thereafter
by qualified technicians, according to the manufacturer’s instructions. Evaluation of
the effectiveness of cabinet containment 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.
Cleaning and disinfection
All items within BSCs, including equipment, should be surface-decontaminated and
removed from the cabinet when work is completed, since residual culture media may
provide an opportunity for microbial growth.
The interior surfaces of BSCs should be decontaminated before and after each use.
The work surfaces and interior walls should be wiped with a disinfectant that will kill
any microorganisms that might be found inside the cabinet. At the end of the work
day, the final surface decontamination should include a wipe-down of the work surface,
the sides, back and interior of the glass. A solution of bleach or 70% alcohol should be
used where effective for target organisms. A second wiping with sterile water is needed
when a corrosive disinfectant, such as bleach, is used.
It is recommended that the cabinet is left running. If not, it should be run for 5 min
in order to purge the atmosphere inside before it is switched off.
Decontamination
BSCs must be decontaminated before filter changes and before being moved. The most
common decontamination method is by fumigation with formaldehyde gas. BSC
decontamination should be performed by a qualified professional.
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Personal protective equipment
Personal protective clothing should be worn whenever using a BSC. Laboratory coats
are acceptable for work being performed at Biosafety Levels 1 and 2. A solid front,
back-closing laboratory gown provides better protection and should be used at
Biosafety Levels 3 and 4 (except for suit laboratories). Gloves should be pulled over
the wrists of the gown rather than worn inside. Elasticized sleeves can be worn to
protect the investigator’s wrists. Masks and safety glasses may be required for some
procedures.
Alarms
BSCs can be equipped with one of two kinds of alarm. Sash alarms are found only on
cabinets with sliding sashes. The alarm signifies that the operator has moved the sash
to an improper position. Corrective action for this type of alarm is returning the sash
to the proper position. Airflow alarms indicate a disruption in the cabinet’s normal
airflow pattern. This represents an immediate danger to the operator or product. When
an airflow alarm sounds, work should cease immediately and the laboratory supervisor
should be notified. Manufacturers’ instruction manuals should provide further details.
Training in the use of BSCs should cover this aspect.
Supplementary information
Selecting the correct type of BSC, installing it, using it properly and annually certifying
its operation are complex processes. It is highly recommended that they proceed under
the supervision of a well-trained and experienced biosafety professional. The
professional should be highly familiar with the relevant literature listed in the References
section, and should have been trained on all aspects of BSCs. Operators should receive
formal training in the operation and use of BSCs.

For further information see references (5) and (7–16), and Chapter 11.

• 60 •

11. Safety equipment

As aerosols are important sources of infection, care should be taken to reduce the
extent of their formation and dispersion. Hazardous aerosols can be generated by
many laboratory operations, e.g. blending, mixing, grinding, shaking, stirring,
sonicating and centrifuging of infectious materials. Even when safe equipment is used,
it is best to carry out these operations in an approved biological safety cabinet whenever
possible. Biological safety cabinets and their use and testing are discussed in Chapter 10.
The use of safety equipment is no assurance of protection unless the operator is trained
and uses proper techniques. Equipment should be tested regularly to ensure its
continued safe performance.
Table 10 provides a checklist of safety equipment designed to eliminate or reduce
certain hazards and briefly outlines the safety features. Further details of much of this
equipment are given in subsequent pages. Additional information on its proper use is
provided in Chapter 12.
Information on equipment and operations that may create hazards is presented in
Annex 4.
Negative-pressure flexible-film isolators
The negative-pressure flexible-film isolator is a self-contained primary containment
device that provides maximum protection against hazardous biological materials. It
may be mounted on a mobile stand. The workspace is totally enclosed in a transparent
polyvinylchloride (PVC) envelope suspended from a steel framework. The isolator is
maintained at an internal pressure lower than atmospheric pressure. Inlet air is passed
through one HEPA filter and outlet air is passed through two HEPA filters, thus
obviating the need to duct exhaust air outside the building. The isolator may be fitted
with an incubator, microscope and other laboratory equipment, such as centrifuges,
animal cages, heat blocks, etc. Material is introduced and removed from the isolator
through supply and sample ports without compromising microbiological security.
Manipulations are performed using gloved sleeves incorporating disposable gloves. A
manometer is installed to monitor envelope pressure.
Flexible-film isolators are used to manipulate high-risk organisms (Risk Groups 3
or 4) in field work where it is not feasible or appropriate to install or maintain
conventional biological safety cabinets.
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