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HEPA Filters and the Development of BSCs

non-ventilated “boxes” built of wood and later of stainless steel, 
within which simple operations such as weighing materials could 
be accomplished.2
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SECTION III

Biological Safety Cabinets

The similarities and differences in protection offered by 
�W�K�H���Y�D�U�L�R�X�V���F�O�D�V�V�H�V���R�I���%�6�&�V���D�U�H���U�H�À�H�F�W�H�G���L�Q���7�D�E�O�H���������3�O�H�D�V�H��
also refer to Table 2 and Section IV for further 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 air movement 
�W�R���D���F�K�H�P�L�F�D�O���I�X�P�H���K�R�R�G�����E�X�W���K�D�V���D���+�(�3�$���¿�O�W�H�U���L�Q���W�K�H���H�[�K�D�X�V�W��
�V�\�V�W�H�P���W�R���S�U�R�W�H�F�W���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W�����)�L�J�X�U�H�����������,�Q���W�K�H���&�O�D�V�V���,��
�%�6�&�����X�Q�¿�O�W�H�U�H�G���U�R�R�P���D�L�U���L�V���G�U�D�Z�Q���D�F�U�R�V�V���W�K�H���Z�R�U�N���V�X�U�I�D�F�H����
�3�H�U�V�R�Q�Q�H�O���S�U�R�W�H�F�W�L�R�Q���L�V���S�U�R�Y�L�G�H�G���E�\���W�K�L�V���L�Q�Z�D�U�G���D�L�U�À�R�Z���D�V��
�O�R�Q�J���D�V���D���P�L�Q�L�P�X�P���Y�H�O�R�F�L�W�\���R�I���������O�L�Q�H�D�U���I�H�H�W���S�H�U���P�L�Q�X�W�H�����O�I�S�P����
is maintained6 through the front opening. Because product 
protection is provided by the Class II BSCs, general usage 
of the Class I BSC has declined. However, in many cases, 
�&�O�D�V�V���,���%�6�&�V���D�U�H���X�V�H�G���V�S�H�F�L�¿�F�D�O�O�\���W�R���H�Q�F�O�R�V�H���H�T�X�L�S�P�H�Q�W��
���H���J�������F�H�Q�W�U�L�I�X�J�H�V�����K�D�U�Y�H�V�W�L�Q�J���H�T�X�L�S�P�H�Q�W���R�U���V�P�D�O�O���I�H�U�P�H�Q�W�H�U�V������
�R�U���S�U�R�F�H�G�X�U�H�V���Z�L�W�K���S�R�W�H�Q�W�L�D�O���W�R���J�H�Q�H�U�D�W�H���D�H�U�R�V�R�O�V�����H���J�����F�D�J�H��
�G�X�P�S�L�Q�J�����F�X�O�W�X�U�H���D�H�U�D�W�L�R�Q���R�U���W�L�V�V�X�H���K�R�P�R�J�H�Q�D�W�L�R�Q����

�7�K�H���F�O�D�V�V�L�F�D�O���&�O�D�V�V���,���%�6�&���L�V���K�D�U�G���G�X�F�W�H�G�����L���H�������G�L�U�H�F�W��
�F�R�Q�Q�H�F�W�L�R�Q�����W�R���W�K�H���E�X�L�O�G�L�Q�J���H�[�K�D�X�V�W���V�\�V�W�H�P�����D�Q�G���W�K�H���E�X�L�O�G�L�Q�J��
exhaust fan provides the negative pressure necessary to draw 
room air into the cabinet. Cabinet air is drawn through a HEPA 
�¿�O�W�H�U���D�V���L�W���H�Q�W�H�U�V���W�K�H���F�D�E�L�Q�H�W���H�[�K�D�X�V�W���S�O�H�Q�X�P�����$���V�H�F�R�Q�G���+�(�3�$��
�¿�O�W�H�U���P�D�\���E�H���L�Q�V�W�D�O�O�H�G���L�Q���W�K�H���W�H�U�P�L�Q�D�O���H�Q�G���R�I���W�K�H���E�X�L�O�G�L�Q�J���H�[�K�D�X�V�W��
prior to the exhaust fan.

�6�R�P�H���&�O�D�V�V���,���%�6�&�V���D�U�H���H�T�X�L�S�S�H�G���Z�L�W�K���D�Q���L�Q�W�H�J�U�D�O���H�[�K�D�X�V�W��
fan. The cabinet exhaust fan must be interlocked with the 
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�7�K�H���&�O�D�V�V���,�,�����7�\�S�H�V���$�������$�������%�����D�Q�G���%����8 BSCs provide 
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between the front and rear grilles and two to six inches above the 
work surface.

The air is discharged through the front and rear grilles under 
negative air pressure into a blower and pushed into the space 
�E�H�W�Z�H�H�Q���W�K�H���V�X�S�S�O�\���D�Q�G���H�[�K�D�X�V�W���¿�O�W�H�U�V�����'�X�H���W�R���W�K�H���U�H�O�D�W�L�Y�H���V�L�]�H��
�R�I���W�K�H�V�H���W�Z�R���¿�O�W�H�U�V�����D�S�S�U�R�[�L�P�D�W�H�O�\�����������R�I���W�K�H���D�L�U���S�D�V�V�H�V���W�K�U�R�X�J�K��
�W�K�H���H�[�K�D�X�V�W���+�(�3�$���¿�O�W�H�U���D�Q�G�����������U�H�F�L�U�F�X�O�D�W�H�V���W�K�U�R�X�J�K���W�K�H���V�X�S�S�O�\��
�+�(�3�$���¿�O�W�H�U���E�D�F�N���L�Q�W�R���W�K�H���Z�R�U�N���]�R�Q�H�����0�R�V�W���&�O�D�V�V���,�,�����7�\�S�H���$�����D�Q�G��
�$�����F�D�E�L�Q�H�W�V���K�D�Y�H���G�D�P�S�H�U�V���W�R���P�R�G�X�O�D�W�H���W�K�L�V���G�L�Y�L�V�L�R�Q���R�I���D�L�U�À�R�Z��

A Class II Type A1 BSC is not to be used for work involving 
volatile toxic chemicals. The buildup of chemical vapors in the 
�F�D�E�L�Q�H�W�����E�\���U�H�F�L�U�F�X�O�D�W�H�G���D�L�U�����D�Q�G���L�Q���W�K�H���O�D�E�R�U�D�W�R�U�\�����I�U�R�P���H�[�K�D�X�V�W��
�D�L�U�����F�R�X�O�G���F�U�H�D�W�H���K�H�D�O�W�K���D�Q�G���V�D�I�H�W�\���K�D�]�D�U�G�V�����6�H�H���6�H�F�W�L�R�Q���,�9����

It is possible to exhaust the air from a Type A1 or A2 cabinet 
outside of the building. However, it must be done in a manner that 
does not alter the balance of the cabinet exhaust system, and 
�W�K�H�U�H�E�\���G�L�V�W�X�U�E�L�Q�J���W�K�H���L�Q�W�H�U�Q�D�O���F�D�E�L�Q�H�W���D�L�U�À�R�Z�����7�K�H���S�U�R�S�H�U���P�H�W�K�R�G��
of connecting a Type A1 or A2 cabinet to the building exhaust 
system is through use of a canopy hood,8,10 which provides  a 
�V�P�D�O�O���R�S�H�Q�L�Q�J���R�U���D�L�U���J�D�S�����X�V�X�D�O�O�\�������L�Q�F�K�����D�U�R�X�Q�G���W�K�H���F�D�E�L�Q�H�W��
�H�[�K�D�X�V�W���¿�O�W�H�U���K�R�X�V�L�Q�J�����)�L�J�X�U�H�����������7�K�H���D�L�U�À�R�Z���R�I���W�K�H���E�X�L�O�G�L�Q�J��
�H�[�K�D�X�V�W���P�X�V�W���E�H���V�X�I�¿�F�L�H�Q�W���W�R���P�D�L�Q�W�D�L�Q���W�K�H���À�R�Z���R�I���U�R�R�P���D�L�U���L�Q�W�R���W�K�H��
�J�D�S���E�H�W�Z�H�H�Q���W�K�H���F�D�Q�R�S�\���X�Q�L�W���D�Q�G���W�K�H���¿�O�W�H�U���K�R�X�V�L�Q�J��a  The canopy 
must be removable or be designed to allow for operational testing 
�R�I���W�K�H���F�D�E�L�Q�H�W�����6�H�H���6�H�F�W�L�R�Q���9�,�������&�O�D�V�V���,�,���7�\�S�H���$�����R�U���$�����F�D�E�L�Q�H�W�V��
should never be hard-ducted to the building exhaust system.8 
Fluctuations in air volume and pressure that are common to all 
�E�X�L�O�G�L�Q�J���H�[�K�D�X�V�W���V�\�V�W�H�P�V���P�D�N�H���L�W���G�L�I�¿�F�X�O�W���W�R���P�D�W�F�K���W�K�H���D�L�U�À�R�Z��
�U�H�T�X�L�U�H�P�H�Q�W�V���R�I���W�K�H���F�D�E�L�Q�H�W�����(�[�L�V�W�L�Q�J���&�O�D�V�V���,�,���7�\�S�H���$�����R�U���$�����K�D�U�G��
ducted exhaust connections can be altered and the room air 
�E�D�O�D�Q�F�H�G���W�R���D�O�O�R�Z���I�R�U���W�K�H���U�H�F�R�P�P�H�Q�G�H�G���D�L�U���J�D�S���L�Q�À�R�Z�V���W�R���D�Y�R�L�G��
�À�X�F�W�X�D�W�L�R�Q�V���L�Q���D�L�U�À�R�Z�����7�K�L�V���P�D�\���U�H�T�X�L�U�H���D�G�G�H�G���E�X�L�O�G�L�Q�J���H�[�K�D�X�V�W��
system capacity.

2. The Class II, Type B1 BSC. Some biomedical research 
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as carcinogens. The powdered form of these carcinogens should 
be weighed or manipulated in a chemical fume hood or a static-
�D�L�U���J�O�R�Y�H���E�R�[���H�T�X�L�S�S�H�G���Z�L�W�K���D���G�R�X�E�O�H���G�R�R�U���D�L�U�O�R�F�N�����&�D�U�F�L�Q�R�J�H�Q�V��
�X�V�H�G���L�Q���F�H�O�O���F�X�O�W�X�U�H���R�U���P�L�F�U�R�E�L�D�O���V�\�V�W�H�P�V���U�H�T�X�L�U�H���E�R�W�K���E�L�R�O�R�J�L�F�D�O��
and chemical containment.11

The Class II, Type B cabinet originated with the National 
�&�D�Q�F�H�U���,�Q�V�W�L�W�X�W�H�����1�&�,�����G�H�V�L�J�Q�H�G���7�\�S�H����12�����O�D�W�H�U���F�D�O�O�H�G���7�\�S�H���%����
�%�6�&�����)�L�J�X�U�H�����$�������D�Q�G���Z�D�V���G�H�V�L�J�Q�H�G���I�R�U���P�D�Q�L�S�X�O�D�W�L�R�Q�V���R�I���P�L�Q�X�W�H��
�T�X�D�Q�W�L�W�L�H�V���R�I���W�K�H�V�H���K�D�]�D�U�G�R�X�V���F�K�H�P�L�F�D�O�V���Z�L�W�K���L�Q���Y�L�W�U�R���E�L�R�O�R�J�L�F�D�O��
systems.  The NSF International NSF/ANSI Standard 49 - 2002 
�G�H�¿�Q�L�W�L�R�Q���R�I���7�\�S�H���%�����F�D�E�L�Q�H�W�V8 includes this classic NCI design 
�7�\�S�H���%�����D�V���Z�H�O�O���D�V���F�D�E�L�Q�H�W�V���Z�L�W�K�R�X�W���V�X�S�S�O�\���+�(�3�$���¿�O�W�H�U�V���O�R�F�D�W�H�G��
�L�P�P�H�G�L�D�W�H�O�\���E�H�O�R�Z���W�K�H���Z�R�U�N���V�X�U�I�D�F�H�����)�L�J�X�U�H�����%�������D�Q�G���R�U���W�K�R�V�H��
�Z�L�W�K���H�[�K�D�X�V�W���U�H�F�L�U�F�X�O�D�W�L�R�Q���G�R�Z�Q�À�R�Z���V�S�O�L�W�V���R�W�K�H�U���W�K�D�Q���H�[�D�F�W�O�\��
��������������

�7�K�H���F�D�E�L�Q�H�W���V�X�S�S�O�\���E�O�R�Z�H�U�V���G�U�D�Z���U�R�R�P���D�L�U�����S�O�X�V���D���S�R�U�W�L�R�Q���R�I��
�W�K�H���F�D�E�L�Q�H�W�¶�V���U�H�F�L�U�F�X�O�D�W�H�G���D�L�U�����W�K�U�R�X�J�K���W�K�H���I�U�R�Q�W���J�U�L�O�O�H���D�Q�G���W�K�U�R�X�J�K��
�W�K�H���V�X�S�S�O�\���+�(�3�$���¿�O�W�H�U�V���O�R�F�D�W�H�G���L�P�P�H�G�L�D�W�H�O�\���E�H�O�R�Z���W�K�H���Z�R�U�N��
�V�X�U�I�D�F�H�����7�K�L�V���S�D�U�W�L�F�X�O�D�W�H���I�U�H�H���D�L�U���À�R�Z�V���X�S�Z�D�U�G���W�K�U�R�X�J�K���D���S�O�H�Q�X�P��
at each side of the cabinet and then downward to the work area 
through a back-pressure plate. In some cabinets there is an 
�D�G�G�L�W�L�R�Q�D�O���V�X�S�S�O�\���+�(�3�$���¿�O�W�H�U���W�R���U�H�P�R�Y�H���S�D�U�W�L�F�X�O�D�W�H�V���W�K�D�W���P�D�\���E�H��
generated by the blower-motor system.

�5�R�R�P���D�L�U���L�V���G�U�D�Z�Q���W�K�U�R�X�J�K���W�K�H���I�D�F�H���R�S�H�Q�L�Q�J���R�I���W�K�H���F�D�E�L�Q�H�W��
�D�W���D���P�L�Q�L�P�X�P���P�H�D�V�X�U�H�G���L�Q�À�R�Z���Y�H�O�R�F�L�W�\���R�I�����������O�I�S�P�����$�V���Z�L�W�K���W�K�H��
�7�\�S�H���$�����D�Q�G���$�����F�D�E�L�Q�H�W�V�����W�K�H�U�H���L�V���D���V�S�O�L�W���L�Q���W�K�H���G�R�Z�Q���À�R�Z�L�Q�J��
air stream just above the work surface. In the Type B1 cabinet, 
�D�S�S�U�R�[�L�P�D�W�H�O�\���������S�H�U�F�H�Q�W���R�I���W�K�H���G�R�Z�Q�À�R�Z���D�L�U���H�[�L�W�V���W�K�U�R�X�J�K��
�W�K�H���U�H�D�U���J�U�L�O�O�H�����S�D�V�V�H�V���W�K�U�R�X�J�K���W�K�H���H�[�K�D�X�V�W���+�(�3�$���¿�O�W�H�U�����D�Q�G���L�V��
discharged from the building. The remaining 30 percent of the 
�G�R�Z�Q�À�R�Z���D�L�U���L�V���G�U�D�Z�Q���W�K�U�R�X�J�K���W�K�H���I�U�R�Q�W���J�U�L�O�O�H�����6�L�Q�F�H���W�K�H���D�L�U���Z�K�L�F�K��
�À�R�Z�V���W�R���W�K�H���U�H�D�U���J�U�L�O�O�H���L�V���G�L�V�F�K�D�U�J�H�G���L�Q�W�R���W�K�H���H�[�K�D�X�V�W���V�\�V�W�H�P����
activities that may generate hazardous chemical vapors or 
particulates should be conducted towards the rear of the cabinet 
work area.13

Type B1 cabinets must be hard-ducted, preferably to a 
dedicated, independent exhaust system, or to a properly-
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designed laboratory building exhaust. As indicated earlier, fans 
for laboratory exhaust systems should be located at the terminal 
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�G�R�X�E�O�H���G�R�R�U���S�D�V�V���W�K�U�R�X�J�K���E�R�[�����H���J�������D�Q���D�X�W�R�F�O�D�Y�H�����W�K�D�W���F�D�Q���E�H��
�G�H�F�R�Q�W�D�P�L�Q�D�W�H�G���E�H�W�Z�H�H�Q���X�V�H�V�����5�H�Y�H�U�V�L�Q�J���W�K�D�W���S�U�R�F�H�V�V���D�O�O�R�Z�V��
materials to be removed from the Class III BSC safely. Both 
�V�X�S�S�O�\���D�Q�G���H�[�K�D�X�V�W���D�L�U���D�U�H���+�(�3�$���¿�O�W�H�U�H�G���R�Q���D���&�O�D�V�V���,�,�,���F�D�E�L�Q�H�W����
�(�[�K�D�X�V�W���D�L�U���P�X�V�W���S�D�V�V���W�K�U�R�X�J�K���W�Z�R���+�(�3�$���¿�O�W�H�U�V�����R�U���D���+�(�3�$���¿�O�W�H�U��
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being manipulated on the clean bench potentially resulting in 
hypersensitivity, toxicity or infection depending on the materials 
�E�H�L�Q�J���K�D�Q�G�O�H�G�����+�R�U�L�]�R�Q�W�D�O���D�L�U�À�R�Z���³�F�O�H�D�Q���E�H�Q�F�K�H�V�´���P�X�V�W���Q�H�Y�H�U���E�H��
used as a substitute for a biological safety cabinet. Users must 
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SECTION IV

�2�W�K�H�U���/�D�E�R�U�D�W�R�U�\���+�D�]�D�U�G�V���D�Q�G���5�L�V�N���$�V�V�H�V�V�P�H�Q�W

Primary containment is an important strategy in minimizing 
exposure to the many chemical, radiological and biological 
hazards encountered in the laboratory. An overview is 
provided, in Table 2, of the various classes of BSCs, the level 
of containment afforded by each and the appropriate risk 
assessment considerations. Microbiological risk assessment is 
addressed in depth in BMBL.1  

Working with Chemicals in BSCs

���:�R�U�N���Z�L�W�K���L�Q�I�H�F�W�L�R�X�V���P�L�F�U�R�R�U�J�D�Q�L�V�P�V���R�I�W�H�Q���U�H�T�X�L�U�H�V���W�K�H���X�V�H��
of various chemical agents, and many commonly used chemicals 
vaporize easily. Therefore, evaluation 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, Type A1 or A2 cabinets since vapor buildup inside the 
�F�D�E�L�Q�H�W���S�U�H�V�H�Q�W�V���D���¿�U�H���K�D�]�D�U�G�����,�Q���R�U�G�H�U���W�R���G�H�W�H�U�P�L�Q�H���W�K�H���J�U�H�D�W�H�V�W��
chemical concentration which might be entrained in the air 
stream following an accident or spill, it is necessary to evaluate 
�W�K�H���T�X�D�Q�W�L�W�L�H�V���W�R���E�H���X�V�H�G�����0�D�W�K�H�P�D�W�L�F�D�O���P�R�G�H�O�V���D�U�H���D�Y�D�L�O�D�E�O�H���W�R��
assist in these determinations.13 For more information regarding 
the risks associated with exposure to chemicals, the reader 
�V�K�R�X�O�G���F�R�Q�V�X�O�W���W�K�H���7�K�U�H�V�K�R�O�G���/�L�P�L�W���9�D�O�X�H�V�����7�/�9�V�����I�R�U���Y�D�U�L�R�X�V��
chemical substances established by the American Conference of 
Governmental Industrial Hygienists.15  

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 Class II, Type A1 and A2 
cabinets return chemical vapors to the cabinet work space 
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. Chemical fume hoods 
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As indicated above, volatile radionuclides such as I125 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 bench top. Work that has the 
potential for splatter or creation of aerosols can be done within 
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SECTION V

BSC Use by the Investigator: Work Practices              
and Procedures

Preparing for Work Within a 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 
�R�I���W�K�H���F�D�E�L�Q�H�W�����7�K�H���U�D�S�L�G���P�R�Y�H�P�H�Q�W���R�I���D���Z�R�U�N�H�U�¶�V���D�U�P�V���L�Q���D��
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 this risk. Other personnel 
�D�F�W�L�Y�L�W�L�H�V���L�Q���W�K�H���U�R�R�P�����H���J�������U�D�S�L�G���P�R�Y�H�P�H�Q�W�V���Q�H�D�U���W�K�H���I�D�F�H���R�I��
�W�K�H���F�D�E�L�Q�H�W�����Z�D�O�N�L�Q�J���W�U�D�I�¿�F�����U�R�R�P���I�D�Q�V�����R�S�H�Q���F�O�R�V�L�Q�J���U�R�R�P���G�R�R�U�V����
�H�W�F�������P�D�\���D�O�V�R���G�L�V�U�X�S�W���W�K�H���F�D�E�L�Q�H�W���D�L�U���E�D�U�U�L�H�U��6

Laboratory coats should be worn buttoned over street 
clothing; latex, vinyl, nitrile or other suitable gloves are worn 
to provide hand protection. Increasing levels of PPE can be 
included as determined 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 so that his/her face is above the front opening. 
Manipulation of materials should be delayed for approximately 
one minute after placing the hands/arms inside the cabinet. 
This allows the cabinet to stabilize, to “air sweep” the hands 
and arms, and to allow time for turbulence reduction. When the 
�X�V�H�U�¶�V���D�U�P�V���U�H�V�W���À�D�W�O�\���D�F�U�R�V�V���W�K�H���I�U�R�Q�W���J�U�L�O�O�H�����R�F�F�O�X�G�L�Q�J���W�K�H���J�U�L�O�O�H��
�R�S�H�Q�L�Q�J�����U�R�R�P���D�L�U���O�D�G�H�Q���Z�L�W�K���S�D�U�W�L�F�O�H�V���P�D�\���À�R�Z���G�L�U�H�F�W�O�\���L�Q�W�R��
the work area, rather than being drawn down through the front 
�J�U�L�O�O�H�����5�D�L�V�L�Q�J���W�K�H���D�U�P�V���V�O�L�J�K�W�O�\���Z�L�O�O���D�O�O�H�Y�L�D�W�H���W�K�L�V���S�U�R�E�O�H�P�����7�K�H��
front grille must not be blocked with toweling, research notes, 
discarded plastic wrappers, pipetting devices, etc. All operations 
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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.

�0�D�W�H�U�L�D�O�V���R�U���H�T�X�L�S�P�H�Q�W���S�O�D�F�H�G���L�Q�V�L�G�H���W�K�H���F�D�E�L�Q�H�W���P�D�\���F�D�X�V�H��
�G�L�V�U�X�S�W�L�R�Q���R�I���W�K�H���D�L�U�À�R�Z�����U�H�V�X�O�W�L�Q�J���L�Q���W�X�U�E�X�O�H�Q�F�H�����S�R�V�V�L�E�O�H���F�U�R�V�V��
contamination and/or breach of containment. Extra supplies 
���H���J�������D�G�G�L�W�L�R�Q�D�O���J�O�R�Y�H�V�����F�X�O�W�X�U�H���S�O�D�W�H�V���R�U���À�D�V�N�V�����F�X�O�W�X�U�H���P�H�G�L�D����
should be stored outside the cabinet. Only the materials and 
�H�T�X�L�S�P�H�Q�W���U�H�T�X�L�U�H�G���I�R�U���W�K�H���L�P�P�H�G�L�D�W�H���Z�R�U�N���V�K�R�X�O�G���E�H���S�O�D�F�H�G���L�Q��
the BSC.
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the work surface. When deemed absolutely necessary, touch-
�S�O�D�W�H���P�L�F�U�R�E�X�U�Q�H�U�V���H�T�X�L�S�S�H�G���Z�L�W�K���D���S�L�O�R�W���O�L�J�K�W���W�R���S�U�R�Y�L�G�H���D���À�D�P�H��
on demand may be used. Internal cabinet air disturbance and 
heat buildup will be minimized. The burner must be turned off 
when work is completed. Small electric “furnaces” are available 
for decontaminating bacteriological loops and needles and 
�D�U�H���S�U�H�I�H�U�D�E�O�H���W�R���D�Q���R�S�H�Q���À�D�P�H���L�Q�V�L�G�H���W�K�H���%�6�&�����'�L�V�S�R�V�D�E�O�H���R�U��
recyclable sterile loops should be used whenever possible.

�$�V�S�L�U�D�W�R�U���E�R�W�W�O�H�V���R�U���V�X�F�W�L�R�Q���À�D�V�N�V���V�K�R�X�O�G���E�H���F�R�Q�Q�H�F�W�H�G���W�R��
�D�Q���R�Y�H�U�À�R�Z���F�R�O�O�H�F�W�L�R�Q���À�D�V�N���F�R�Q�W�D�L�Q�L�Q�J���D�S�S�U�R�S�U�L�D�W�H���G�L�V�L�Q�I�H�F�W�D�Q�W����
�D�Q�G���W�R���D�Q���L�Q���O�L�Q�H���+�(�3�$���R�U���H�T�X�L�Y�D�O�H�Q�W���¿�O�W�H�U�����6�H�H���)�L�J�X�U�H�������������7�K�L�V��
combination will provide protection to the central building vacuum 
system or vacuum pump, as well as to the personnel who 
�V�H�U�Y�L�F�H���W�K�L�V���H�T�X�L�S�P�H�Q�W�����,�Q�D�F�W�L�Y�D�W�L�R�Q���R�I���D�V�S�L�U�D�W�H�G���P�D�W�H�U�L�D�O�V���F�D�Q��
�E�H���D�F�F�R�P�S�O�L�V�K�H�G���E�\���S�O�D�F�L�Q�J���V�X�I�¿�F�L�H�Q�W���F�K�H�P�L�F�D�O���G�H�F�R�Q�W�D�P�L�Q�D�W�L�R�Q��
�V�R�O�X�W�L�R�Q���L�Q�W�R���W�K�H���À�D�V�N���W�R���L�Q�D�F�W�L�Y�D�W�H���W�K�H���P�L�F�U�R�R�U�J�D�Q�L�V�P�V���D�V���W�K�H�\��
�D�U�H���F�R�O�O�H�F�W�H�G�����2�Q�F�H���L�Q�D�F�W�L�Y�D�W�L�R�Q���R�F�F�X�U�V�����O�L�T�X�L�G���P�D�W�H�U�L�D�O�V���F�D�Q���E�H��
disposed of as noninfectious waste.

Investigators must determine the appropriate method of 
decontaminating materials that will be removed from the BSC 
at the conclusion of the work. When chemical means are 
�D�S�S�U�R�S�U�L�D�W�H�����V�X�L�W�D�E�O�H���O�L�T�X�L�G���G�L�V�L�Q�I�H�F�W�D�Q�W���V�K�R�X�O�G���E�H���S�O�D�F�H�G���L�Q�W�R���W�K�H��
discard pan before work begins. Items should be introduced into 
the pan with minimum splatter and allowed appropriate contact 
�W�L�P�H���D�V���S�H�U���P�D�Q�X�I�D�F�W�X�U�H�U�¶�V���L�Q�V�W�U�X�F�W�L�R�Q�V�����$�O�W�H�U�Q�D�W�L�Y�H�O�\�����O�L�T�X�L�G�V��
can be autoclaved prior to disposal. Contaminated items should 
be placed into a biohazard bag, discard tray, or other suitable 
container prior to removal from the BSC. 

When a steam autoclave is to be used, contaminated 
materials should be placed into a biohazard bag or discard pan 
containing enough water to ensure steam generation during the 
autoclave cycle. The bag should be taped shut 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.
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�K�R�V�H���E�D�U�E���D�Q�G���À�H�[�L�E�O�H���W�X�E�H���V�K�R�X�O�G���E�H���D�W�W�D�F�K�H�G���W�R���W�K�H���G�U�D�L�Q��
�Y�D�O�Y�H���D�Q�G���E�H���R�I���V�X�I�¿�F�L�H�Q�W���O�H�Q�J�W�K���W�R���D�O�O�R�Z���W�K�H���R�S�H�Q���H�Q�G���W�R���E�H��
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26

be discharged away from supply air intakes, to prevent re-
entrainment of laboratory exhaust air into the building air supply 
�V�\�V�W�H�P�����5�H�I�H�U���W�R���U�H�F�R�J�Q�L�]�H�G���G�H�V�L�J�Q���J�X�L�G�H�V���I�R�U���O�R�F�D�W�L�Q�J���W�K�H��
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to allow easy access for maintenance and to ensure that the 



28

when hazardous chemicals or radionuclides have been used 
in the BSC, and provides protection against exposure for the 
maintenance personnel and the environment. Note, however, 
�W�K�D�W���W�K�L�V���U�H�T�X�L�U�H�P�H�Q�W���P�X�V�W���E�H���L�G�H�Q�W�L�¿�H�G���D�W���W�K�H���W�L�P�H���R�I���S�X�U�F�K�D�V�H��
and installation; a bag-in/bag-out assembly cannot be added 
to a cabinet after-the-fact w ao4h70nt entesivhe egbineringd 
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SECTION VII

�&�H�U�W�L�¿�F�D�W�L�R�Q���R�I���%�6�&�V

Development of Containment Standards

���7�K�H���H�Y�R�O�X�W�L�R�Q���R�I���F�R�Q�W�D�L�Q�P�H�Q�W���H�T�X�L�S�P�H�Q�W���I�R�U���Y�D�U�L�H�G���U�H�V�H�D�U�F�K��
and diagnostic applications created the need for consistency in 
construction and performance. Federal Standard 20932,33, was 
developed to establish classes of air cleanliness and methods 
for monitoring clean work stations and clean rooms where HEPA 
�¿�O�W�H�U�V���D�U�H���X�V�H�G���W�R���F�R�Q�W�U�R�O���D�L�U�E�R�U�Q�H���S�D�U�W�L�F�X�O�D�W�H�V��

�7�K�H���¿�U�V�W���³�V�W�D�Q�G�D�U�G�´���W�R���E�H���G�H�Y�H�O�R�S�H�G���V�S�H�F�L�¿�F�D�O�O�\���I�R�U���%�6�&�V12 
�V�H�U�Y�H�G���D�V���D���)�H�G�H�U�D�O���S�U�R�F�X�U�H�P�H�Q�W���V�S�H�F�L�¿�F�D�W�L�R�Q���I�R�U���W�K�H���1�,�+��
�&�O�D�V�V���,�,�����7�\�S�H���������Q�R�Z���F�D�O�O�H�G���7�\�S�H���$�������%�6�&�����Z�K�L�F�K���K�D�G���D���¿�[�H�G���R�U��
hinged front window or a vertical sliding sash, vertical downward 
�O�D�P�L�Q�D�U���D�L�U�À�R�Z���D�Q�G���+�(�3�$���¿�O�W�H�U�H�G���V�X�S�S�O�\���D�Q�G���H�[�K�D�X�V�W���D�L�U�����7�K�L�V��
�J�X�L�G�H�O�L�Q�H���V�S�H�F�L�¿�H�G���G�H�V�L�J�Q���F�U�L�W�H�U�L�D���D�Q�G���G�H�¿�Q�H�G���S�U�R�W�R�W�\�S�H���W�H�V�W�V��
�I�R�U���P�L�F�U�R�E�L�R�O�R�J�L�F�D�O���D�H�U�R�V�R�O���F�K�D�O�O�H�Q�J�H�����Y�H�O�R�F�L�W�\���S�U�R�¿�O�H�V�����D�Q�G���O�H�D�N��
�W�H�V�W�L�Q�J���R�I���W�K�H���+�(�3�$���¿�O�W�H�U�V�����$���V�L�P�L�O�D�U���S�U�R�F�X�U�H�P�H�Q�W���V�S�H�F�L�¿�F�D�W�L�R�Q��
was generated31���Z�K�H�Q���W�K�H���&�O�D�V�V���,�,�����7�\�S�H���������Q�R�Z���F�D�O�O�H�G���7�\�S�H���%������
BSC was developed.

�1�6�)���6�W�D�Q�G�D�U�G�����������I�R�U���&�O�D�V�V���,�,���%�6�&�V���Z�D�V���¿�U�V�W���S�X�E�O�L�V�K�H�G��
�L�Q���������������S�U�R�Y�L�G�L�Q�J���W�K�H���¿�U�V�W���L�Q�G�H�S�H�Q�G�H�Q�W���V�W�D�Q�G�D�U�G���I�R�U���G�H�V�L�J�Q����
manufacture and testing of BSCs. This standard “replaced” the 
�1�,�+���V�S�H�F�L�¿�F�D�W�L�R�Q�V���Z�K�L�F�K���Z�H�U�H���E�H�L�Q�J���X�V�H�G���E�\���R�W�K�H�U���L�Q�V�W�L�W�X�W�L�R�Q�V��
and organizations purchasing BSCs. NSF/ANSI 49 – 2002, 8 
�L�Q�F�R�U�S�R�U�D�W�H�V���F�X�U�U�H�Q�W���V�S�H�F�L�¿�F�D�W�L�R�Q�V���U�H�J�D�U�G�L�Q�J���G�H�V�L�J�Q�����P�D�W�H�U�L�D�O�V����
construction, and testing. This Standard for BSCs establishes 
performance criteria and provides the minimum testing 
�U�H�T�X�L�U�H�P�H�Q�W�V���W�K�D�W���D�U�H���D�F�F�H�S�W�H�G���L�Q���W�K�H���8�Q�L�W�H�G���6�W�D�W�H�V�����&�D�E�L�Q�H�W�V��
�Z�K�L�F�K���P�H�H�W���W�K�H���6�W�D�Q�G�D�U�G���D�Q�G���D�U�H���F�H�U�W�L�¿�H�G���E�\���1�6�)���E�H�D�U���D�Q����������������������
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NSF/ANSI 49 – 2002 pertains to all models of Class II 
�F�D�E�L�Q�H�W�V�����7�\�S�H���$�������$�������%�������%�������D�Q�G���S�U�R�Y�L�G�H�V���D���V�H�U�L�H�V���R�I��
�V�S�H�F�L�¿�F�D�W�L�R�Q�V���U�H�J�D�U�G�L�Q�J��

Design/construction�‡	

Performance�‡	

Installation recommendations�‡	

��5�H�F�R�P�P�H�Q�G�H�G���P�L�F�U�R�E�L�R�O�R�J�L�F�D�O���G�H�F�R�Q�W�D�P�L�Q�D�W�L�R�Q���‡	
procedure

��5�H�I�H�U�H�Q�F�H�V���D�Q�G���V�S�H�F�L�¿�F�D�W�L�R�Q�V���S�H�U�W�L�Q�H�Q�W���W�R���&�O�D�V�V���,�,���‡	
Biosafety Cabinetry.

�$�Q�Q�H�[���)���R�I���1�6�)���$�1�6�,���������������������Z�K�L�F�K���F�R�Y�H�U�V���¿�H�O�G���W�H�V�W�L�Q�J���R�I��
BSCs, is now 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 service and after it has been repaired or relocated. 
�5�H�O�R�F�D�W�L�R�Q���P�D�\���E�U�H�D�N���W�K�H���+�(�3�$���¿�O�W�H�U���V�H�D�O�V���R�U���R�W�K�H�U�Z�L�V�H���G�D�P�D�J�H��
�W�K�H���¿�O�W�H�U�V���R�U���W�K�H���F�D�E�L�Q�H�W�����(�D�F�K���%�6�&���V�K�R�X�O�G���E�H���W�H�V�W�H�G���D�Q�G��
�F�H�U�W�L�¿�H�G���D�W���O�H�D�V�W���D�Q�Q�X�D�O�O�\���W�R���H�Q�V�X�U�H���F�R�Q�W�L�Q�X�H�G�����S�U�R�S�H�U���R�S�H�U�D�W�L�R�Q��

�2�Q���V�L�W�H���W�H�V�W�L�Q�J���W�K�D�W���I�R�O�O�R�Z�V���W�K�H���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V���I�R�U���¿�H�O�G��
�W�H�V�W�L�Q�J�����1�6�)���$�1�6�,���������±�������������$�Q�Q�H�[���)���S�O�X�V���$�G�G�H�Q�G�X�P�����������P�X�V�W��
�E�H���S�H�U�I�R�U�P�H�G���E�\���H�[�S�H�U�L�H�Q�F�H�G�����T�X�D�O�L�¿�H�G���S�H�U�V�R�Q�Q�H�O�����6�R�P�H���E�D�V�L�F��
information is included in the Standard to assist in understanding 
�W�K�H���I�U�H�T�X�H�Q�F�\���D�Q�G���N�L�Q�G�V���R�I���W�H�V�W�V���W�R���E�H���S�H�U�I�R�U�P�H�G�����,�Q���������������1�6�)��
�E�H�J�D�Q���D���S�U�R�J�U�D�P���I�R�U���D�F�F�U�H�G�L�W�D�W�L�R�Q���R�I���F�H�U�W�L�¿�H�U�V���E�D�V�H�G���R�Q���Z�U�L�W�W�H�Q��
and practical examinations. Education and training programs 
�I�R�U���S�H�U�V�R�Q�V���V�H�H�N�L�Q�J���D�F�F�U�H�G�L�W�D�W�L�R�Q���D�V���T�X�D�O�L�¿�H�G���W�R���S�H�U�I�R�U�P���D�O�O��
�¿�H�O�G���F�H�U�W�L�¿�F�D�W�L�R�Q���W�H�V�W�V���D�U�H���R�I�I�H�U�H�G���E�\���D���Y�D�U�L�H�W�\���R�I���R�U�J�D�Q�L�]�D�W�L�R�Q�V����
Selecting competent individuals to perform testing and 
�F�H�U�W�L�¿�F�D�W�L�R�Q���L�V���L�P�S�R�U�W�D�Q�W�����D�Q�G���L�W���L�V���V�X�J�J�H�V�W�H�G���W�K�D�W���W�K�H���L�Q�V�W�L�W�X�W�L�R�Q�D�O��
�%�6�2���E�H���F�R�Q�V�X�O�W�H�G���L�Q���L�G�H�Q�W�L�I�\�L�Q�J���F�R�P�S�D�Q�L�H�V���T�X�D�O�L�¿�H�G���W�R���F�R�Q�G�X�F�W��
�W�K�H���Q�H�F�H�V�V�D�U�\���¿�H�O�G���S�H�U�I�R�U�P�D�Q�F�H���W�H�V�W�V��

Certification of Biosafety Cabinets

d The standard can be ordered of NSF for a nominal charge at NSF 
�,�Q�W�H�U�Q�D�W�L�R�Q�D�O�������������1�R�U�W�K���'�L�[�E�R�U�R���5�R�D�G�����3���2�����%�R�[�������������������$�Q�Q���$�U�E�R�U�����0�L�F�K�L�J�D�Q����
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It is strongly recommended that, whenever possible, 
�D�F�F�U�H�G�L�W�H�G���¿�H�O�G���F�H�U�W�L�¿�H�U�V���D�U�H���X�V�H�G���W�R���W�H�V�W���D�Q�G���F�H�U�W�L�I�\���%�6�&�V�������,�I��
�L�Q���K�R�X�V�H���S�H�U�V�R�Q�Q�H�O���D�U�H���S�H�U�I�R�U�P�L�Q�J���W�K�H���F�H�U�W�L�¿�F�D�W�L�R�Q�V�����W�K�H�Q���W�K�H�V�H��
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D. HEPA Filter Leak Test
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Figure 1.�����������+�(�3�$���¿�O�W�H�U�V���D�U�H���W�\�S�L�F�D�O�O�\���F�R�Q�V�W�U�X�F�W�H�G���R�I���S�D�S�H�U��
thin sheets of borosilicate medium, pleated to increase surface 
�D�U�H�D�����D�Q�G���D�I�¿�[�H�G���W�R���D���I�U�D�P�H�����$�O�X�P�L�Q�X�P���V�H�S�D�U�D�W�R�U�V���D�U�H���R�I�W�H�Q��
added for stability.

Figures

Aluminum separator

�%�R�U�R�V�L�O�L�F�D�W�H���¿�O�W�H�U���P�H�G�L�X�P

�&�R�Q�W�L�Q�X�R�X�V���V�K�H�H�W���R�I���À�D�W���¿�O�W�H�U���P�H�G�L�X�P

Wooden frame
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Figure 4.�����������&�D�Q�R�S�\�����W�K�L�P�E�O�H�����X�Q�L�W���I�R�U���G�X�F�W�L�Q�J���D���&�O�D�V�V���,�,����
�7�\�S�H���$���%�6�&�����$�����E�D�O�D�Q�F�L�Q�J���G�D�P�S�H�U�����%�����À�H�[�L�E�O�H���F�R�Q�Q�H�F�W�R�U���W�R��
�H�[�K�D�X�V�W���V�\�V�W�H�P�����&�����F�D�E�L�Q�H�W���H�[�K�D�X�V�W���+�(�3�$���¿�O�W�H�U���K�R�X�V�L�Q�J�����'����
canopy unit, E. BSC. Note: There is a 1” gap between the 
�F�D�Q�R�S�\���X�Q�L�W�����'�����D�Q�G���W�K�H���H�[�K�D�X�V�W���¿�O�W�H�U���K�R�X�V�L�Q�J�����&�������W�K�U�R�X�J�K���Z�K�L�F�K��
room air is exhausted.

Figure 5A.�����������7�K�H���&�O�D�V�V���,�,�����7�\�S�H���%�����%�6�&�����F�O�D�V�V�L�F���G�H�V�L�J�Q�������$����
�I�U�R�Q�W���R�S�H�Q�L�Q�J�����%�����V�D�V�K�����&�����H�[�K�D�X�V�W���+�(�3�$���¿�O�W�H�U�����'�����V�X�S�S�O�\���+�(�3�$��
�¿�O�W�H�U�����(�����Q�H�J�D�W�L�Y�H���S�U�H�V�V�X�U�H���G�H�G�L�F�D�W�H�G���H�[�K�D�X�V�W���S�O�H�Q�X�P�����)�����E�O�R�Z�H�U����
�*�����D�G�G�L�W�L�R�Q�D�O���+�(�3�$���¿�O�W�H�U���I�R�U���V�X�S�S�O�\���D�L�U����Note: The cabinet exhaust 
needs to be hard connected to the building exhaust system.
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Figure 5B.�����������7�K�H���&�O�D�V�V���,�,�����7�\�S�H���%�����%�6�&�����E�H�Q�F�K���W�R�S���G�H�V�L�J�Q������
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Figure 6.     The  Class II, Type B2 BSC. A. front opening, B. 
�V�D�V�K�����&�����H�[�K�D�X�V�W���+�(�3�$���¿�O�W�H�U�����'�����V�X�S�S�O�\���+�(�3�$���¿�O�W�H�U�����(�����Q�H�J�D�W�L�Y�H��
pressure exhaust plenum. Note�����7�K�H���F�D�U�E�R�Q���¿�O�W�H�U���L�Q���W�K�H���H�[�K�D�X�V�W��
system is not shown. The cabinet needs to be hard connected to 
the building exhaust system.

Figure 7.     The tabletop model of a Class II, Type A2 BSC. 
�$�����I�U�R�Q�W���R�S�H�Q�L�Q�J�����%�����V�D�V�K�����&�����H�[�K�D�X�V�W���+�(�3�$���¿�O�W�H�U�����'�����V�X�S�S�O�\��
�+�(�3�$���¿�O�W�H�U�����(�����S�R�V�L�W�L�Y�H���S�U�H�V�V�X�U�H���F�R�P�P�R�Q���S�O�H�Q�X�P�����)�����Q�H�J�D�W�L�Y�H��
pressure plenum. The Class II Type A2 BSC is not equivalent 
to what was formerly called a Class II Type B3 unless it is 
connected to the laboratory exhaust system. Note: The A2 
BSC should be canopy connected to the exhaust system.

Room Air A

B

C
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Figure 9A.�����������7�K�H���K�R�U�L�]�R�Q�W�D�O���O�D�P�L�Q�D�U���À�R�Z���³�F�O�H�D�Q���E�H�Q�F�K�´�����$����
�I�U�R�Q�W���R�S�H�Q�L�Q�J�����%�����V�X�S�S�O�\���J�U�L�O�O�H�����&�����V�X�S�S�O�\���+�(�3�$���¿�O�W�H�U�����'�����V�X�S�S�O�\��
plenum, E. blower.

Figure 9B.�����������7�K�H���Y�H�U�W�L�F�D�O���O�D�P�L�Q�D�U���À�R�Z���³�F�O�H�D�Q���E�H�Q�F�K�´�����$����
�I�U�R�Q�W���R�S�H�Q�L�Q�J�����%�����V�D�V�K�����&�����V�X�S�S�O�\���+�(�3�$���¿�O�W�H�U�����'�����E�O�R�Z�H�U�����1�R�W�H������
�6�R�P�H���Y�H�U�W�L�F�D�O���À�R�Z���F�O�H�D�Q���E�H�Q�F�K�H�V���K�D�Y�H���U�H�F�L�U�F�X�O�D�W�H�G���D�L�U���W�K�U�R�X�J�K��
front and/or rear perforated grilles.

A B

C

D
HEPA-filtered Air

Room Air







47



48

ACKNOWLEDGEMENTS

We gratefully acknowledge the Baker Company, Filtration 
�*�U�R�X�S�����,�Q�F�������)�O�D�Q�G�H�U�V���)�L�O�W�H�U�V���D�Q�G���)�R�U�P�D���6�F�L�H�Q�W�L�¿�F�����,�Q�F�����I�R�U���X�V�H���R�I��
�V�R�P�H���G�U�D�Z�L�Q�J�V���D�Q�G���¿�J�X�U�H�V���U�H�S�U�R�G�X�F�H�G���K�H�U�H�L�Q��



49

�5�(�)�(�5�(�1�&�(�6

Centers for Disease Control and Prevention; The National 1.	
Institutes of Health. Biosafety in microbiological and 
biomedical laboratories.  5th ed. Washington, DC. 2007.

�.�U�X�V�H���5�+�����3�X�F�N�H�W�W���:�+�����5�L�F�K�D�U�G�V�R�Q���-�+����2.	 Biological safety 
cabinetry�����&�O�L�Q���0�L�F�U�R�E�L�R�O���5�H�Y����������������������������������

First MW. 3.	 �)�L�O�W�H�U�V�����K�L�J�K���F�D�S�D�F�L�W�\���¿�O�W�H�U�V���D�Q�G���K�L�J�K���H�I�¿�F�L�H�Q�F�\��
�¿�O�W�H�U�V�����U�H�Y�L�H�Z���D�Q�G���S�U�R�G�X�F�W�L�R�Q. In-Place Filter Testing 
Workshop; 1971; Boston, Massachusetts. 1971.

�7�K�H���1�D�W�L�R�Q�D�O���,�Q�V�W�L�W�X�W�H�V���R�I���+�H�D�O�W�K�����1�,�+�������5�R�F�N�Y�L�O�O�H���%�L�R��4.	
Engineering Services, Dow Chemical USA. A Workshop for 
�&�H�U�W�L�¿�F�D�W�L�R�Q���R�I���%�L�R�O�R�J�L�F�D�O���6�D�I�H�W�\���&�D�E�L�Q�H�W�V. Bethesda: The 
�,�Q�V�W�L�W�X�W�H�����2�I�¿�F�H���R�I���%�L�R�K�D�]�D�U�G�V���D�Q�G���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���&�R�Q�W�U�R�O����
1974.

�5�L�F�K�P�R�Q�G�����-�<����5.	 Safe practices and procedures for working 
with human specimens in biomedical research laboratories. 
J Clin Immunoassay. 1988;13:115-9.

Barbeito MS, Taylor LA. 6.	 Containment of microbial aerosols 
in a microbiological safety cabinet. Appl Microbiol. 
1968;16:1255-29.

�:�K�L�W�¿�H�O�G���:�-����7.	 A new approach to clean room design. Final 
�U�H�S�R�U�W�����$�O�E�X�T�X�H�U�T�X�H�����1�0�������6�D�Q�G�L�D���&�R�U�S�R�U�D�W�L�R�Q�����������������5�H�S�R�U�W��
�1�R�������6�&���������������5�5����

�1�6�)���,�Q�W�H�U�Q�D�W�L�R�Q�D�O�����1�6�)�������$�P�H�U�L�F�D�Q���1�D�W�L�R�Q�D�O���6�W�D�Q�G�D�U�G�V��8.	
�,�Q�V�W�L�W�X�W�H�����$�1�6�,������NSF/ANSI Standard 49-2004. Class II 
���O�D�P�L�Q�D�U���À�R�Z�����E�L�R�V�D�I�H�W�\���F�D�E�L�Q�H�W�U�\�����$�Q�Q���$�U�E�R�U�����0�,����������������	

�2�F�F�X�S�D�W�L�R�Q�D�O���6�D�I�H�W�\���D�Q�G���+�H�D�O�W�K���$�G�P�L�Q�L�V�W�U�D�W�L�R�Q�����2�I�¿�F�H��9.	
of Occupational Medicine. Guidelines for cytotoxic 
���D�Q�W�L�Q�H�R�S�O�D�V�W�L�F�����G�U�X�J�V. Appendix A. Standard 01-23-001. 
1986.  



50

�-�R�Q�H�V���5�/���-�U�������7�H�S�S�H�U���%�����*�U�H�H�Q�L�H�U���7�*�����H�W���D�O����10.	 Effects of 
Thimble Connections of Biological Safety Cabinets. 
Abstracts of 32nd Biological Safety Conference; 1989; New 
Orleans, LA: 1989.

�1�D�W�L�R�Q�D�O���,�Q�V�W�L�W�X�W�H�V���R�I���+�H�D�O�W�K�����1�,�+������11.	 NIH guidelines for the 
laboratory use of chemical carcinogens. Washington, DC: U. 
�6�����*�R�Y�H�U�Q�P�H�Q�W���3�U�L�Q�W�L�Q�J���2�I�¿�F�H��������������

Class II12.	 �����7�\�S�H�������V�D�I�H�W�\���F�D�E�L�Q�H�W���V�S�H�F�L�¿�F�D�W�L�R�Q���W�K�H���1�D�W�L�R�Q�D�O��
Institute of Health-030112. The Institute; 1973, May.

�6�W�X�D�U�W���'�*�����)�L�U�V�W���0�:�����-�R�Q�H�V���5�/���-�U�������H�W���D�O����13.	 Comparison of 
chemical vapor handling by three types of class II biological 
safety cabinets. Particulate and Microbial Control. 1983;2:18-
24.

Stuart D, Kiley M, Ghidoni D, et al. 14.	 The class III biological 
safety cabinet�����,�Q�����5�L�F�K�P�R�Q�G���-�<�����H�G�L�W�R�U�����$�Q�W�K�R�O�R�J�\���R�I��
biosafety vol. VII. biosafety level 3. Mundelein, IL: American 
Biological Safety Association; 2004.

American Conference of Government Industrial Hygienists 15.	
���$�&�*�,�+������Threshold limit values for chemical substances and 
physical agents and biological exposure indices. Cincinnati, 
OH: ACGIH; 2006. 

National Institutes of Health NIH, National Cancer Institute 16.	
���1�&�,�������2�I�¿�F�H���R�I���5�H�V�H�D�U�F�K���6�D�I�H�W�\���D�Q�G���W�K�H���6�S�H�F�L�D�O���&�R�P�P�L�W�W�H�H��
of Safety and Health Experts.  Laboratory safety monograph: 
a supplement to the NIH guidelines for recombinant DNA 
research�����%�H�W�K�H�V�G�D�����0�'�������7�K�H���,�Q�V�W�L�W�X�W�H��������������

Barbeito M, West, D, editors. 17.	 Laboratory ventilation for 
hazard control�����3�U�R�F�H�H�G�L�Q�J�V���R�I���D���&�D�Q�F�H�U���5�H�V�H�D�U�F�K���6�D�I�H�W�\��
Symposium; l976 Oct 21-22; Frederick, MD: Litton Bionetics, 
Inc.; 1976.

�1�D�W�L�R�Q�D�O���&�D�Q�F�H�U���,�Q�V�W�L�W�X�W�H���6�D�I�H�W�\���6�W�D�Q�G�D�U�G�V���I�R�U���5�H�V�H�D�U�F�K��18.	
Involving Chemical Carcinogens. Bethesda: The National 
�,�Q�V�W�L�W�X�W�H�V���R�I���+�H�D�O�W�K�����8�6�������1�D�W�L�R�Q�D�O���&�D�Q�F�H�U���,�Q�V�W�L�W�X�W�H��������������





52

�-�R�Q�H�V���5�/�����-�U�������6�W�X�D�U�W���'�*�����(�D�J�O�H�V�R�Q�����'�����H�W���D�O����29.	 Effects of 
ceiling height on determining calculated intake air velocities 
for biological safety cabinets. Appl Occup Environ Hyg. 
1991;6:683.

�5�D�N�H���%�:����30.	 �,�Q�À�X�H�Q�F�H���R�I���F�U�R�V�V���G�U�D�I�W�V���R�Q���W�K�H���S�H�U�I�R�U�P�D�Q�F�H���R�I���D��
biological safety cabinet. Appl Env Microbiol. 1978;36:278-
83.

�6�S�H�F�L�¿�F�D�W�L�R�Q�V���I�R�U���J�H�Q�H�U�D�O���S�X�U�S�R�V�H���F�O�H�D�Q���D�L�U���E�L�R�O�R�J�L�F�D�O���V�D�I�H�W�\��31.	
cabinet�����%�H�W�K�H�V�G�D�����7�K�H���1�D�W�L�R�Q�D�O���,�Q�V�W�L�W�X�W�H�V���R�I���+�H�D�O�W�K�����8�6������
National Cancer Institute; 1973.

Airborne Particulate Cleanliness Classes in Clean rooms and 32.	
Clean Zones�����)�H�G�H�U�D�O���6�W�D�Q�G�D�U�G���1�R�����������(����������������������

�&�O�H�D�Q���5�R�R�P���D�Q�G���:�R�U�N���6�W�D�W�L�R�Q���5�H�T�X�L�U�H�P�H�Q�W�V�����&�R�Q�W�U�R�O�O�H�G��33.	
Environment�����)�H�G�H�U�D�O���6�W�D�Q�G�D�U�G���1�R�����������%��������������������


