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Appendix A—Primary Containment for Biohazards: 
Selection, Installation, and Use of Biological Safety 
Cabinets
Part 1—Introduction
This document presents information on the design, selection, function, and use of 
Biological Safety Cabinets (BSCs), also referred to as biosafety cabinets, which 
are the primary means of containment for working safely with infectious microor-
ganisms and prions. Brief descriptions of the facility and engineering concepts for 
the conduct of microbiological research are also provided. BSCs are only one part 
of an overall biosafety program, which requires consistent use of good microbio-
logical practices, use of primary containment equipment, and proper containment 
facility design. Detailed descriptions of acceptable work practices, procedures, 
and facilities, known as Biosafety Levels (BSL) 1 to 4, are presented in Section IV 
of BMBL. 

BSCs are designed to provide personnel and environmental protection when 
appropriate practices and procedures are followed. Three kinds of BSCs, 
designated as Class I, II and III, have been developed to meet varying research 
and clinical needs. Class II and Class III cabinets provide operator, product, and 
environmental protection. Most 

are used for some special applications. The exception is a Class I BSC, which 

in 
the special features of BSCs that provide varying degrees of personnel, environ-
mental, and product protection. Laboratory hazards and risk assessment are 
discussed in Part 4. Part 5 presents work practices, procedures, and practical tips 

BSCs. Facility 
and engineering requirements needed for the operation of each type of BSC are 
presented in Part 
to ensure proper operation and integrity of a Class II BSC.

overview is provided to clarify the expectations, functions, and performance of 
these critical primary barriers. This document has been written for the biosafety 
professionals, laboratorians, engineers, and managers who desire a better 
understanding of each type of cabinet; the factors considered for the selection of 

the operational integrity of the cabinet.
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Proper maintenance of BSCs used for work at all Biosafety Levels cannot be 
overemphasized. Biosafety professionals and laboratorians need to understand 
that an active BSC is a primary containment device. A BSC must be routinely 
inspected and tested by trained personnel, following strict protocols, to verify that 

of Biological 
Since the earliest Laboratory-associated infections (LAIs) with S. Typhi to the 
contemporary hazards posed by bioterrorism, antibiotic-resistant bacteria, 
and rapidly mutating viruses, threats to worker safety have stimulated the 

could be safely handled. These workstations have helped maintain sterility of cell 
lines, minimize cross-contamination, and maintain product integrity. The use of 
proper procedures and equipment, as described in Section IV of BMBL, cannot be 
overemphasized in providing primary personnel and environmental protection. For 
example, high-speed blenders designed to reduce aerosol generation, needle-
locking syringes, micro burners, and safety centrifuge cups or sealed rotors are 
among the engineered devices that protect laboratory workers from biological 
hazards. An important piece of safety equipment is the BSC, in which manipula-
tions of infectious microorganisms are performed.

Background

Early prototype clean air cubicles were designed to protect the materials being 
manipulated from environmental or worker-generated contamination rather than 
to protect the worker from the risks associated with the manipulation of potentially 
hazardous materials. Filtered air was blown across the work surface directly at 
the worker. Therefore, these cubicles could not be used for handling infectious 
agents because the worker was in a contaminated air stream.

To protect the worker during manipulations of infectious agents, a small 
workstation was needed that could be installed in existing laboratories with 

devices were essentially non-ventilated boxes built of wood, and later of 
stainless steel, in which simple operations such as weighing materials could be 
accomplished.1

Early versions of ventilated cabinets did not have adequate or controlled direc-

drew contaminated air away from the laboratory worker. This was the forerunner 
of the 
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was contaminated with environmental microorganisms and other undesirable 
particulate matter.

Control of airborne particulate materials became possible with the development of 
HEPA 

clean benches) in the 1940s.1

BSCs remove the Most 
Penetrating Particle Size (MPPS) of approximately 0.3 μm with a minimum 

 Particles both larger 
and smaller than the MPPS (including bacterial spores and viruses) are removed 

therefore, only a brief description is included here.3,4

The typical 

BSCs and similar devices. 

frames and the pleats are often divided by corrugated aluminum separators 
(Figure 1). The separators prevent the pleats from collapsing in the air stream 

initially and each time it is moved or relocated (Part 7). 

Various types of containment and similar devices incorporate the use of HEPA 

are more expensive to purchase and can raise energy costs and be detrimental 
to the lifespan of the device motors due to the increased resistance through 

be achieved.5 Part 5 describes the proper practices and procedures necessary to 
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Part 3—Biological Safety Cabinets

considerations pertinent to BSC selection and risk assessment.

The Class I BSC

The Class I BSC provides personnel and environmental protection but no product 
protection. It is similar in terms of air movement to a chemical fume hood but 
has a 
the 
across the work surface. Personnel and environmental protection is provided by a 

opening.6 Because product protection is provided by the Class II BSCs, general 
usage of the Class I BSC has declined. Class I BSCs are used where aerosols 
may be generated and product protection is not required, such as for cage 
dumping, culture aeration, or tissue homogenization, or to enclose equipment 
(e.g., centrifuges, harvesting equipment, or small fermenters).

The classical Class I BSC is direct-connected to the building exhaust system and 
the building exhaust fan provides the negative pressure necessary to draw room 

Class I is similar to a chemical fume 

and particulates are pulled into an exhaust plenum that contains a 

Some Class I BSCs are equipped with an integral exhaust fan. In this case, the 
cabinet air may be recirculated into the laboratory if no noxious or toxic gases 
or vapors are used. This Class I BSC may also be canopy connected with an 
exhaust alarm when hazardous gases or vapors are used. 

A panel with openings to allow access for the hands and arms to the work surface 
can be added to the Class I cabinet. The restricted opening results in increased 
inward air velocity, increasing worker protection. For added safety, arm-length 
gloves can be attached to the panel. Makeup air is then drawn through an 

Some Class I models used for animal cage changing are designed to allow 

All Class I 
integrity.
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The Class II BSC

As biomedical researchers began to use sterile animal tissue and cell culture 
systems, particularly for the propagation of viruses, cabinets were needed that 
also provided product protection. In the early 1960s, the  principle 

demonstrated to reduce turbulence resulting in predictable particle behavior. 
Biocontainment technology also incorporated this laminar or uniform, directional 

of airborne contaminants from the air stream.7 This combination of technologies 
that exists in the Class II BSC serves to help protect the laboratory worker from 
potentially infectious aerosols4 generated within the cabinet and also provides 
necessary product protection. Class II BSCs are partial barrier systems that rely 
on the directional movement of air to provide containment. As the air curtain is 
disrupted (e.g., movement of materials in and out of a cabinet, rapid or sweeping 
movement of the arms) the potential for contaminant release into the laboratory 
work environment is increased, as is the risk of product contamination.

The 8 BSCs provide personnel, environ-

air provides product protection by minimizing the chance of cross-contamination 
across the work surface of the cabinet. Because cabinet exhaust air is passed 

BSCs) or discharged 
from the building through a canopy (formerly thimble) connected to the building 
exhaust.

the building. When using volatile toxic chemicals, removal of the exhaust from 
the laboratory is required. However, it must be done in a manner that does not 
alter the balance of the cabinet exhaust system, thereby disturbing the internal 

to the building exhaust system is through use of a canopy connection,8,9 which 
provides a small opening or air gap (usually one inch) around the cabinet exhaust 

housing. The canopy must be removable or be designed to allow for operational 

through the canopy (Part 6). 
direct-connected to the building exhaust system.8 Fluctuations in air volume and 



Biosafety in Microbiological and Biomedical Laboratories

Type B cabinets must be direct-connected, preferably to a dedicated, independent 
exhaust system. Fans for laboratory exhaust systems should be located at the 
terminal end of the ductwork to avoid pressurizing the exhaust ducts. A failure 
in the building exhaust system may not be apparent to the user, as the supply 
blowers in the cabinet will continue to operate. A pressure-independent monitor 

alarm in the exhaust system as necessary. To maintain critical operations, labora-
tories using Type B BSCs should connect the exhaust blower to the emergency 
power supply.

BSCs should be used when working with volatile, 

The mechanical design and air balance testing of the laboratory exhaust system 
for Class IIB BSCs must use Concurrent Balance Values (CBV) as published in 

construction and function of a Class II BSC.8

typically done based on duct traverse air measurements taken at some point in 

between the two. The CBV provides each discipline the information they require 
to properly test or certify the BSC.

All Class II cabinets are designed for work involving microorganisms assigned to 
Class II BSCs provide the microbe-free work environment 

necessary for cell culture propagation and also may be used for the formulation 
of nonvolatile antineoplastic or chemotherapeutic drugs.10,11 Class II BSCs may 
be used with organisms requiring BSL-4 containment in a BSL-4 suit laboratory 
by a worker wearing a positive-pressure protective suit. Maximum containment 
potential is achieved only through strict adherence to proper practices and 
procedures.

Class II, Type A1 BSC
through the front grille to maintain a minimum calculated or measured average 

minimizes the potential for cross-contamination.
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The downward moving air splits as it approaches the work surface; the fan draws 
part of the air to the front grille and the remainder to the rear grille. Although there 

between the front and rear grilles and two to six inches above the work surface.

The air is drawn through the front and rear grilles by the internal fan and pushed 

HEPA 

zone of the cabinet. Most 

Class II A1 cabinet may not have a potentially contaminated 
positively pressurized plenum that is not surrounded by a negatively pressurized 

 Only when this BSC (Figure 3) 
is ducted to the outdoors does it meet the requirements of the former Class II, 
Type B3.8 The designation 

pressure contaminated plenums within the cabinet are surrounded by a negative 
air pressure plenum thus ensuring that any leakage from a contaminated plenum 
will be drawn into the cabinet and not released to the environment. Small 

cabinet only if it exhausts to the outside via a properly functioning canopy with 
exhaust alarm.8 

Class II, Type B1 BSC Some biomedical research requires the use of small 
quantities of toxic volatile chemicals, such as organic solvents or carcinogens. 
Carcinogens used in cell culture or microbial systems require both biological and 
chemical containment.9

The Class II, Type B cabinet originated with the National Cancer Institute 

designed for manipulations of small quantities of toxic volatile chemicals with in 
vitro 8 
includes this classic NCI design Type B; cabinets without a supply 

The cabinet supply blower draws room air (plus a portion of the cabinet’s 
recirculated air) through the front grille and through the supply 

a plenum at each side of the cabinet and then downward to the work area through 
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a backpressure plate. In some cabinets, there is an additional supply 
remove particulates that may be generated by the blower-motor system.

passes through the exhaust 

may generate toxic volatile chemical vapors or gases should be conducted toward 
the rear of the cabinet work area.

Class II, Type B2 BSC This BSC is a total-exhaust cabinet; no air is recirculated 
within it (Figure 6). This cabinet provides simultaneous primary biological and 
chemical (small quantity) containment. Consideration must be given to the 
chemicals used in 

either room or outside air in at the top of the cabinet, passes it through a HEPA 

draws air through both the rear and front grilles, capturing the supply air plus 
the additional amount of room air needed to produce a minimum calculated or 

and passes through a 

of conditioned room air making this cabinet expensive to operate. The higher 
static air pressure required to operate this cabinet also results in additional 
costs associated with heavier gauge ductwork and higher capacity exhaust 
fan. Therefore, the need for a 
assessment of the research to be conducted.

Should the building exhaust system fail, the cabinet will be pressurized, resulting 

Cabinets built since the early 1980s have an interlock system, installed by the 
manufacturer, to prevent the supply blower from operating whenever the exhaust 

Class II, Type C1 BSC This BSC is similar to a Type B1 BSC in that it has a 
special region of the work area intended for work with toxic volatile chemicals 
that are exhausted from the building (Figure 7a). However, it also has an internal 
exhaust blower that allows the BSC to be either room recirculated if no volatile 
toxic chemicals or vapors are present or canopy-connected with an exhaust alarm 
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may generate toxic, volatile chemicals or gases must only be conducted in that 
area of the cabinet work zone if connected to a properly functioning canopy with 
alarm (Figure 7b). If canopy connected during a building system failure, the BSC 

or, if using a sealed and tested duct system and if permitted by a chemical risk 

Special Applications Class II 
-

modate the eyepieces of a microscope. The work surface can be designed to 
accept a carboy, a centrifuge, or other equipment that may require containment. 

The Class III BSC

The Class III BSC (Figure 8) was designed for work with highly infectious microbi-
ological agents and the conduct of hazardous operations and provides maximum 
protection for the environment and the worker. It is a gas-tight (no leak greater 
than 1x10-7 13) 
enclosure with a non-opening view window. Access for passage of materials into 

double-door pass-through box (e.g., antechamber, autoclave) that can be decon-

from the 
a HEPA 

Class III 

on 
system exterior to the cabinet, which keeps the cabinet under negative pressure 
(minimum of 0.5 in water gauge). This level of negative pressure is required to 
minimize risk and maintain containment if a breach occurs such as holes or tears 
in the glove system.

Long, heavy-duty rubber gloves are attached in a gas-tight manner to ports in 
the cabinet to allow direct manipulation of the materials isolated inside. Although 
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these gloves restrict movement, they prevent the user’s direct contact with the 

safety. Depending on the design of the cabinet, the supply 

Class III 
cabinet.

Several Class III BSCs can be joined together in series to provide a larger work 
area. Such cabinet lines are custom-built; the equipment installed in the cabinet 
series (e.g., refrigerators, small elevators, shelves to hold small animal cage 
racks, microscopes, centrifuges, incubators) is generally custom-built as well.

Clean Bench
BSCs (Figure 9a). These 

across the work surface and toward the user. These devices only provide product 
protection. They can be used for certain clean activities, such as the dust-free 
assembly of sterile equipment or electronic devices. Clean benches should 
never be used when handling cell culture materials, drug formulations, potentially 
infectious materials, or any other potentially hazardous materials. The worker will 
be exposed to the materials being manipulated on the clean bench potentially 
resulting in hypersensitivity, toxicity, or infection depending on the materials being 

two devices.

Clean Bench
are not BSCs. They may be useful, for example, in hospital pharmacies when a 
clean area is needed for preparation of intravenous solutions or for the prepa-

usually discharged into the room under the sash, resulting in the same potential 

These benches should never be used when handling cell culture materials, drug 
formulations, potentially infectious materials, or any other potentially hazardous 
materials.

Part 4—Other Laboratory Hazards and Risk Assessment
Primary containment is an important strategy in minimizing exposure to the many 
chemical, radiological and biological hazards encountered in the laboratory. In 

BSCs, the level of 
-

ations. Microbiological risk assessment is addressed in depth in Section II of 
BMBL.
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BSCs

Work with infectious microorganisms often requires the use of various chemical 
agents, and many commonly used chemicals vaporize easily. Therefore, evalu-
ation of the inherent hazards of the chemicals must be part of the risk assessment 
when selecting a BSC. Flammable chemicals should not be used in Class II, 

concentration that might be entrained in the air stream following an accident or 
spill, it is necessary to evaluate the quantities to be used. Mathematical models 
are available to assist in these determinations.  For more information regarding 
the risks associated with exposure to chemicals, the reader should consult the 
Permissible Exposure Levels determined under OSHA regulations available 
at  and Threshold Limit 
Values (TLVs) for various chemical substances established by the American 

14

The electrical systems of Class II BSCs are not spark-proof. Therefore, a 
chemical concentration approaching the lower explosive limits of the compound 
must be prohibited. Furthermore, since non-exhausted 
C1 cabinets return chemical vapors to the cabinet workspace and the room, they 
may expose the operator and other room occupants to toxic chemical vapors.

A chemical fume hood should be used for procedures using volatile chemicals 
instead of a BSC when biological containment is not needed. Chemical fume 
hoods are connected to an independent exhaust system and operate with 
single-pass air discharged, directly or through a manifold, outside the building. 
They may also be used when manipulating chemical carcinogens.9 When 
manipulating small quantities of volatile, toxic chemicals, required for use in 
microbiological studies, Class I and BSCs, exhausted 
to the outdoors, can be used. The  
exhausted cabinets may be used with small quantities of volatile, toxic chemicals.8

Many liquid chemicals, including nonvolatile antineoplastic agents, chemothera-
peutic drugs and low-level radionuclides, can be safely handled inside properly 
canopy connected Class II, Type A, and C1 cabinets.10,11 Class II BSCs should 
not be used for labeling of biohazardous materials with radioactive iodine or other 
volatile radionuclides. Hard-ducted, ventilated containment devices incorporating 

conduct of this type of work.

Many virology and cell culture laboratories use diluted preparations of chemical 
carcinogens15,16 and other toxic substances. Prior to maintenance, a careful evalu-
ation must be made of potential problems associated with decontaminating the 

16 
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may be required so that discharged air meets applicable emission regulations.  

Radiological Hazards in the BSC

As indicated above, volatile radionuclides such as I  should not be used within 
Class II BSCs. When using nonvolatile radionuclides inside a BSC, the same 
hazards exist as if working with radioactive materials on the benchtop. Work with 
nonvolatile radionuclides that has the potential for splatter or creation of aerosols 
can be done within the BSC.

beta shield may be used inside the BSC to provide worker protection. A sloping 
shield can disrupt the air curtain and increase the possibility of contaminated 
air being released from the cabinet. A radiation safety professional should be 

Risk Assessment

The potential for adverse events must be evaluated to eliminate, or reduce to the 
greatest extent possible, worker exposure to infectious organisms and to prevent 
release to the environment. Agent summary statements, detailed in Section VIII 
of BMBL or from other reputable sources, such as the Public Health Agency of 
Canada, provide data for microorganisms known to have caused Laboratory- 
associated infections that may be used in protocol-driven risk assessments. 
Through the process of risk assessment, the laboratory environment and the work 
to be conducted are evaluated to identify hazards and develop interventions to 
reduce risks to an acceptable level.

 
(Part 6) that must be used in concert with the appropriate practices, procedures, 
and other administrative controls to further reduce the risk of exposure to poten-
tially infectious microorganisms. Suggested work practices and procedures for 
minimizing risks when working in a BSC are detailed in Part 5.

Class II BSC

Preparing a written checklist of materials necessary for a particular activity 
and placing necessary materials in the BSC before beginning work serves to 
minimize the number and extent of air curtain disruptions compromising the 
fragile air barrier of the cabinet. The rapid movement of a worker’s arms in 
a sweeping motion into and out of the cabinet will disrupt the air curtain and 
compromise the partial containment barrier provided by the BSC. Moving arms 
in and out slowly, perpendicular to the face opening of the cabinet will reduce 
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this risk. Other personnel activities in the room (e.g., rapid movements near the 

also disrupt the cabinet air barrier.6

over street clothing; latex, vinyl, nitrile, or other suitable gloves are worn to 
provide hand protection. Increasing levels of PPE may be warranted as deter-
mined by an individual risk assessment. For example, a solid-front, back-closing 
laboratory gown provides better protection of personal clothing than a traditional 
laboratory coat and is a recommended practice at BSL-3.

Before beginning work, the investigator should adjust the stool height in an 

is above the front opening. Manipulation of materials should be delayed for 

This allows the cabinet to stabilize, to the hands and arms, and to 

the front grille, occluding the grille opening, room air laden with particles may 

rests can also be used that elevate the elbows above the front grille so as to 

position. The front grille must not be blocked with such things as toweling, 
-

tions should be performed on the work surface at least four inches in from the 
front grille. If there is a drain valve under the work surface, it should be closed 
prior to beginning work in the BSC.

Materials or equipment placed inside the cabinet may cause disruption of the 

culture media) should be stored outside the cabinet. Only the materials and 
equipment required for the immediate work should be placed in the BSC.

For some laboratory applications, specially designed BSCs containing large pieces 

testing methodology information that assures the BSC will pass containment to 

of equipment in the BSC, whether it is a special BSC or standard model, smoke 
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at any given time. If it is deemed necessary by a facility for more than one person 
to be working in a BSC at the same time it should only be done after performing 
a comprehensive risk assessment for both product and personnel that encom-

risk characterization, and a risk mitigation strategy.

believe that continuous operation of non-canopied Class IIA BSCs helps control 
the laboratory’s level of dust and other airborne particulates. Although energy 
conservation may suggest BSC operation only when needed, especially if the 
cabinet is not used routinely, room air balance is an overriding consideration. Air 
discharged through ducted BSCs must be considered in the overall air balance 
of the laboratory. If night setback modes are used for BSC’s, they must be 
interlocked to the laboratory supply and exhaust system to maintain negative 
laboratory air balance.

minutes before beginning work to allow the cabinet to purge. This purge will 
remove any suspended particulates in the cabinet. The work surface, the interior 

investigator to meet the requirements of the particular activity. When bleach 
is used, a second wiping with sterile water is needed to remove the residual 
chlorine, which may eventually corrode stainless steel surfaces. Wiping with 
non-sterile water may recontaminate cabinet surfaces, which is a critical issue 
when sterility is essential (e.g., maintenance of cell cultures).

Similarly, the surfaces of all materials and containers placed into the cabinet 

laboratory’s need to reduce the introduction of contaminants to the cabinet 
environment. This simple step will reduce introduction of mold spores and 
thereby minimize contamination of cultures. Further reduction of microbial load on 
materials to be placed or used in BSCs may be achieved by periodic decontami-
nation of incubators and refrigerators.

Material Placement inside the BSC

Plastic-backed, absorbent toweling can be placed on the work surface but not on 
the front or rear grille openings. The use of toweling facilitates routine cleanup 
and reduces splatter and aerosol generation17 during an overt spill. It can be 
folded and placed in a biohazard bag or other appropriate waste receptacle when 
work is completed.
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All materials should be placed as far back in the cabinet as practical, toward 
the rear edge of the work surface and away from the front and back grille of the 
cabinet. Similarly, aerosol-generating equipment (e.g., vortex mixers, tabletop 
centrifuges) should be placed toward the rear of the cabinet to take advantage 
of the air split described in Part 3. Bulky items such as biohazard bags, discard 

interior of the cabinet. If placing those items in the cabinet requires opening the 
sash, make sure that the sash is returned to its original position before work is 
initiated. The correct sash position should be indicated on the front of the cabinet. 
An audible alarm will sound if the sash is in the wrong position while the fan is 
operating. Biological material or other hazardous agents should be placed in the 
BSC last.

Certain common practices interfere with the operation of the BSC. The biohazard 
collection bag should not be taped to the outside of the cabinet. This practice 
encourages the BSC user to frequently move in and out of the BSC to move 
discarded materials into the outside bag. Movement in and out of the BSC should 
be minimized to reduce the risk of biohazardous materials being brought out 

collection containers should neither be used in 

objects in these containers is disruptive to the integrity of the cabinet air barrier 
and can compromise both personnel and product protection. Horizontal pipette 
discard trays, which may contain an appropriate chemical disinfectant, should be 
used within the cabinet. Large sharps containers will interfere with the downward 

should not be brought out of the cabinet until they have been surface decon-
taminated or placed into a closable waste container for transfer to an incubator, 
autoclave, or another part of the laboratory. The closable waste container should 
also be surface decontaminated prior to removal.

Class II BSC

Laboratory Hazards Many procedures conducted in BSCs may create splatter 

working in a BSC. For example, techniques used to reduce splatter and aerosol 
generation will also minimize the potential for personnel exposure to infectious 
materials manipulated within the cabinet. Class II cabinets are designed so that 
horizontally nebulized spores introduced into the cabinet will be captured by the 

8 of travel. Therefore, keeping clean 
materials at least one foot away from aerosol-generating activities will minimize 
the potential for cross-contamination.
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should be placed in the cabinet in such a way as to limit the movement of dirty 
items over clean ones.

Several measures can be taken to reduce the chance for cross-contamination of 
materials when working in a BSC. Opened tubes or bottles should not be held in a 
vertical position. Investigators working with Petri dishes and tissue culture plates 
should hold the lid above the open sterile surface to minimize direct impaction of 
downward air. Bottle or tube caps should not be placed on the toweling if used. 
Items should be recapped or covered as soon as possible.

of a culture vessel will create an upward air current that prevents microorganisms 

surface. When deemed absolutely necessary and approved by the appropriate 
facility authorities after a thorough risk assessment, touch-plate micro burners 

cabinet air disturbance and heat buildup will be minimized. The burner must 

decontaminating bacteriological loops and needles and are preferable to an open 

laboratory use. This combination will provide protection to the central building 
vacuum system or vacuum pump, as well as to the personnel who service this 
equipment. Inactivation of aspirated materials can be accomplished by placing 
a volume of a chemical decontamination solution having a concentration of 

collected. Once inactivation occurs, liquid materials can be disposed of as nonin-

solution used.

Investigators must determine the appropriate method of decontaminating wastes 
that will be removed from the BSC at the conclusion of the work. When chemical 
means alone are appropriate, a suitable liquid disinfectant should be placed into 
a discard pan before work begins. Items should be introduced into the pan with 
minimum splatter, covered completely, and allowed appropriate contact time as 
per manufacturer’s instructions. Alternatively, liquids can be autoclaved prior to 
disposal. The liquid container should be placed in a suitable, secondary container, 
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and the outside of these containers wiped with a suitable liquid disinfectant, prior 
to removal from the BSC.

When a steam autoclave is used for solid wastes, contaminated materials should 
be placed into a biohazard bag or discard pan. Adding water to ensure steam 
generation during the autoclave cycle needs to be determined experimentally. 
The bag should be loosely closed (to allow steam to enter the bag) or the discard 
pan should be covered in the BSC prior to transfer to the autoclave. The bag 
should be transported and autoclaved in a leak-proof tray or pan. It is a prudent 
practice to decontaminate the exterior surface of bags and pans just prior to 
removal from the cabinet.

Decontamination

Cabinet Surface  With the cabinet blower running, all 
containers and equipment should be surface decontaminated and removed 
from the cabinet when work is completed. All biological materials and hazardous 

decontamination of the cabinet should include a wipe-down of the work surface, 
the cabinet’s sides and back, and the interior of the glass. If necessary, the 
cabinet should also be monitored for radioactivity and decontaminated when 
necessary. Investigators should remove their gloves and gowns in a manner to 
prevent contamination of unprotected skin and aerosol generation and wash their 

Small spills within the operating BSC can be handled immediately by removing 
the contaminated absorbent paper toweling and placing it into the biohazard bag 
or receptacle. Small spills inside the BSC can be covered with paper towels, and 
starting from the outside of the spill, covered in an appropriate disinfectant. Once 

pushed from the edge of the spill to the center and disposed of into a biohazard 
bag or receptacle. Cabinet interior and items inside the BSC should be wiped 
down with a towel dampened with disinfectant. 
the work surface is decontaminated and before placing clean absorbent toweling, 
if used in the cabinet. 

require decontamination that is more extensive. All items within the cabinet 
should be surface decontaminated and removed. After ensuring that the drain 
valve is closed, decontaminating solution can be poured onto the work surface 
and through the grille(s) into the drain pan. The drain pan should be emptied into 

to be submerged in the disinfectant within the collection vessel. This procedure 
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water, the drain tube removed, and the drain valve closed.

Should the spilled liquid contain a hazardous chemical or radioactive material, 
a similar procedure can be followed. The appropriate safety personnel should 

of drain pan decontamination is recommended because of dirty drain pan 
surfaces and grilles, which ultimately could occlude the drain valve or block 

surfaces to avoid injury from sharp metal edges and other items (e.g., broken 
glass, pipette tips) that may be present. Always use disposable paper toweling 
and avoid applying harsh force. Wipe dirty surfaces gently. Never leave toweling 
on the drain pan because the paper could block the drain valve or the air 
passages in the cabinet.

Gas  BSCs that have been used for work involving infectious 

repair work is done.  Before a BSC is relocated, a risk assessment considering 
the agents manipulated within the BSC must be performed to determine the need 
and method for decontamination. The most common decontamination methods 
use formaldehyde gas, hydrogen peroxide vapor,8 or chlorine dioxide gas.

Part 6—

Secondary Barriers

BSCs are considered the primary containment barrier for manipulation of 
infectious materials, and the laboratory room itself is considered the secondary 
containment barrier.  exhausting 
a greater volume of air than is supplied to a given laboratory and by drawing 
makeup air from the adjacent space. This is optional at 
maintained at BSL-3 and BSL-4.  The air balance for the entire facility should be 

potential contamination.

Building Exhaust BSL-4 laboratory air must be directly exhausted to the outside 
since it is considered potentially contaminated. This concept is referred to as a 

-
tered when a high level of aerosol containment is needed, which is always true at 
BSL-4, but is an enhancement at BSL-3 and recommended for work with some 
organisms.3 When the building exhaust system is used to vent a Class IIB BSC, 

should occur.8 The connection to a BSC must be constant air volume (CAV).
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The HVAC exhaust system must be sized to handle both the room exhaust 
and the exhaust requirements of all containment devices that may be present. 
Adequate supply air must be provided to ensure appropriate function of the 

connections within the systems will add to the demand on the exhaust fan. 
The building exhaust air should be discharged away from supply air intakes, 
to prevent re-entrainment of laboratory exhaust air into the building air supply 

relative to nearby air intakes.

Protection of vacuum systems must be addressed (Figure 11). Electrical outlets 
inside the cabinet must be protected by ground fault circuit interrupters and 

is not recommended.8 In very rare instances, when propane or natural gas needs 

must be carefully considered and controlled to prevent aerosol production and 
reduce the potential for vessel pressurization.

disinfection method in a BSC. If installed, 

BSCs use sliding 

BSC Placement BSCs were developed as workstations to provide personnel, 
environmental, and product protection during the manipulation of infectious 
microorganisms. Certain considerations must be met to ensure maximum 

should be provided behind and on each side of the cabinet to allow easy access 
for maintenance and to ensure that the cabinet air re-circulated to the laboratory 

 and 

canopy connected to the ventilation system, adequate space must be provided 

unit must provide adequate access to the exhaust 
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The ideal location for the biological safety cabinet is remote from the entry  

the face of a BSC can disrupt the air curtain.  The air curtain created at the 
front of the cabinet is quite fragile, amounting to a nominal inward and downward 
velocity of one mph. Open windows, air supply registers, portable fans, or 
laboratory equipment that creates air movement (e.g., centrifuges, vacuum 
pumps) should not be located near the BSC. Similarly, chemical fume hoods 
must not be located close to BSCs.

a cabinet, will require replacement when they become loaded to the extent that 

decontaminated before removal. To contain the decontamination gas or vapor 
used for microbiological decontamination, exhaust systems containing HEPA 

allow for performance testing of the 

chemicals or radionuclides have been used in the BSC, and provides protection 

bag-out system will require a method to decontaminate or safely dispose of the 

added to a cabinet after-the-fact without an extensive engineering evaluation.

BSCs

Development of Containment Standards

The evolution of containment equipment for varied research and diagnostic 
applications created the need for consistency in construction and performance. 

 was developed to establish classes of air cleanliness and 

are used to control airborne particulates. It has since been replaced with ISO 
30

 served as a Federal 
Class II, Type 1 (now called Type A1) 
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31 when the 
Type B1) BSC was developed.

Class II 
independent standard for design, manufacture, and testing of BSCs. This standard 

and organizations purchasing 8 incorporates current 

This Standard for BSCs establishes performance criteria and provides the minimum 

 
 Performance;
 Installation recommendations; and
 

Class II Biosafety Cabinetry, Annex F 
BSCs, is a normative part of 

the Standard. This Standard is reviewed periodically by a committee of experts to 
ensure that it remains consistent with developing technologies

The operational integrity of a BSC must be validated before it is placed into 

the Standard to assist in understanding the frequency and kinds of tests to be 

written and practical examinations. Education and training programs for persons 

by a variety of organizations. Selecting competent individuals to perform testing 

(

used to test and certify -
tions, then these individuals should become accredited.
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Performance Testing BSCs in the Field

Class II BSCs are the primary containment devices that protect the worker, 
product, and environment from exposure to microbiological agents. BSC opera-

time of installation and, as a minimum, annually thereafter. A cabinet should be 

made to internal parts, or a cabinet is relocated.

Finally, accurate test results can only be assured when the testing equipment 
is properly maintained and calibrated. It is appropriate to request the calibration 

Table 1. Selection of a Safety Cabinet through Risk Assessment 

Biosafety 
Personnel

Protection 

Product BSC Class

BSL-1 to 3 Yes No Yes I

BSL-1 to 3 Yes Yes Yes

BSL-4 Yes Yes Yes III; II—when used in suit 
room with suit

Table 2. Comparison of Biosafety Cabinet Characteristics

BSC 
Class Velocity

Application: 

Chemicals and 
Radionuclides

Application: 
Volatile Toxic 

Chemicals and 
Radionuclides

I 75 In at front through HEPA to the outside or into the room through Yes When exhausted 
outdoorsa,b

II, A1 75 balance can be exhausted through HEPA back into the room or to 
outside through a canopy unit (Figure 3)c

Yes (small amounts)b Yes (small amounts)a,b

II, B1 100 through a dedicated, internal cabinet duct to the outside through a Yes Yes (small amounts)a,b

I, B2 100 No recirculation; total exhaust to the outside through a 
(Figure 6) Yes Yes (small amounts)a,b

II, A2 100 Similar to II, A1, but has 100 lfm intake air velocity exhaust air can 
be ducted to the outside through a canopy unit (Figure 7) Yes

When exhausted 
outdoors (formally B3), 

(small amounts)a,b

II, C1 100 through a dedicated, internal cabinet duct to the outside through a 
blower and 

Yes Yes (small amounts)a,b

III
connection (Figure 8)

Yes Yes (small amounts)a,b

(explosion-proof) motor and other electrical components in the cabinet. Discharge of a Class I or 
cabinet into a room should not occur if volatile chemicals are used.

b. A risk assessment should be completed by laboratory and safety facility personnel to determine amounts to be 
used. In all cases, only the smallest amounts of the chemical(s) required for the work to be performed should 
be used in the BSC. In no instance should the chemical concentration approach the lower explosion limits of the 
compounds. 
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Class II cabinets must have potentially contaminated plenums under negative pressure 
or surrounded by negatively pressurized plenums.

 

separators are often added for stability.
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Class I BSC  

(A) front opening; (B) sash; (C) exhaust  
Note: this classical style cabinet needs to be direct-connected to the building 
exhaust system.

Class II, Type A BSC  

(A) front opening; (B) sash; (C) exhaust  

Class II, Type A1 and 
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Class II, Type A BSC  

exhaust 

room air is exhausted.

Class II, Type B1 BSC  (classic design)  

(A) front opening; (B) sash; (C) exhaust  

 
connected to the building exhaust system.
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Class II, Type B1 BSC  (benchtop design)

(A) front opening; (B) sash; (C) exhaust 

exhaust needs to be direct-connected to the building exhaust system.

. The Class II, Type B2 BSC  

(A) front opening; (B) sash; (C) exhaust  
(E) negative pressure exhaust plenum. Note: The cabinet needs to be  
direct-connected to the building exhaust system. 
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Class II, Type C1 BSC  (not connected to building exhaust system)

(A) front opening; (B) sash; (C) exhaust 
blower; (F) exhaust blower.

Class II, Type C1 BSC  (connected to building exhaust system) 

 (A) front opening; (B) sash; (C) exhaust 
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Class III BSC

(A) glove ports with O-ring for attaching arm-length gloves to cabinet;  
(B) window; (C) exhaust 
autoclave or pass-through box; (F) exhaust 
tank may be installed, which would be located beneath the work surface of the 
BSC with access from above. The cabinet exhaust needs to be direct-connected 
to an exhaust system where the fan is separate from the exhaust fans of the 

Clean Bench  

(A) front opening; (B) supply grille; (C) supply  
(E) blower.
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Clean Bench 

(A) front opening; (B) sash; (C) supply 

A typical layout for working from the clean to the dirty side within a Class II BSC. 
Clean cultures (left) can be inoculated (center); contaminated pipettes can be 
discarded in the shallow pan and other contaminated materials can be placed in 
the biohazard bag (right). This arrangement is reversed for left-handed persons.
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Example method to protect a house vacuum system during aspiration of infec-

collection vessel. An in-line 
(D) from aerosolized microorganisms.

 

straps; (E) shock cord located in the mouth of the PVC bag restricts the bag 
around the second rib of the housing lip.
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