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Sections I-IV, pp. 1-17

Section I: Introduction (pp. 1-2)

BSC – biological safety cabinets

BMBL – Biosafety in Microbiological and Biomedical Laboratories

HEPA – High efficiency particulate air filters

ULPA – Ultra –low penetration air filters

Three types of biological safety cabinets: 

Class I

Class II

Class III

Section II: The High Efficiency Particulate Air (HEPA) Filter and the Development of Biological Containment Devices (pp. 3-5)

Early prototype BSCs were designed to protect materials from contamination rather than the worker. Air flow was directed away from the material and at the worker.  Later designs utilized non-ventilated “boxes” of wood or stainless steel.  Next came the early ventilated cabinets that were characterized by mass air flow into the cabinet drawn from the room (unfiltered).

HEPA filters were developed in the 1940’s to control airborne particulate.  These filters are generally rated as being effective at removing 0.3 micron sized particles with an efficiency of at least 99.97%.  Typical HEPA filters are a single pleated sheet of borosilicate fibers which have been treated with a water repellent binder.  The filter is glued to a wooden, metal or plastic frame.  The glue joints are fragile and can become damaged which is the main reason for verification of filter integrity after moving or installing a BSC.

Section III: Biological Safety Cabinets (pp. 6-13)

Class I BSC offer protection to personnel and environment but not product.  Inward airflow must be maintained at a minimum velocity of 75 linear feet per minute (lfpm).  Class I BSCs are hard ducted to the building exhaust system.  Cabinet air is drawn through a HEPA filter.

Class II BSC (Types A, B1, B2, and B3) provide personnel protection, environmental protection and product protection.  These BSC utilize downward laminar flow and HEPA filtered air.  Cabinet air is exhausted through a HEPA filter.  HEPA filters do not trap volatile gases or chemicals.

All Class II cabinets are designed for work with biosafety levels (BSL) 1, 2 and 3.  

Class III BSCs are designed for work with BSL 4 agents.  It is a gas-tight enclosure with a non-opening view window.  Supply and exhaust air is HEPA filtered.  Exhaust air must pass through two HEPA filters or a one filter and an air incinerator before external discharge.

Horizontal laminar flow “clean benches” blow HEPA filtered air across the work surface protecting only the product.  These are not BSCs. Vertical laminar flow clean benches also are not BSCs.

Section IV: Laboratory Hazards and Risk Assessment (pp. 14-17)

A chemical fume hood which is designed for work with volatile chemicals should be used in lieu of a BSC.  Class II BSC’s should not be used for labeling with radioactive iodine.  Specific parameters set by the Office of Safety and Research at the National Cancer Institute dictate how chemical carcinogens can be used within a Class II BSC.  Nonvolatile radionuclides can be used with caution in a Class II BSC.  

Questions:

1. During which decade were HEPA filters first developed? 

2. Name the 4 types of Class II biological safety cabinets. 

3. Define laminar flow. 

4. What must happen to exhaust air from a Class III BSC prior to release into outside air? 

5. If one is working with a C. brunetti experimentally infected rodent, what type of BSC would be required? 

6. T or F  Volatile or toxic chemicals should not be used in Class II Type B cabinets. 

7. T or F  Class II BSC should be used when labeling biohazard material with radioactive iodine. 

8. T or F Type B1 BSC’s must be hard-ducted. 

9. Which type of Class II BSC is a total exhaust cabinet? 

a. B1 

b. B2 

c. A1 

d. A2

10. Personnel protection while working in a Class I/ Class II Type A BSC is provided only if the inward airflow is maintained at: 

a. 35 lfpm 

b. 70 lfpm 

c. 90 lfpm 

d. 75 lfpm

11. Which BSC provides product protection only: 

a. Type I 

b. Type III 

c. Vertical laminar flow 

d. Horizontal laminar flow

12. HEPA filters are considered effective if they remove: 

a. 0.4 micron particles with an efficiency of 99.97% 

b. 0.3 micron particles with an efficiency of 99.99% 

c. 0.3 micron particles with an efficiency of 99.97% 

d. 0.4 micron particles with an efficiency of 99.99%

Answers:

1. 1940’s 

2. A, B1, B2, B3 

3. Unidirectional air moving at a steady velocity along parallel lines 

4. It must pass through 2 HEPA filters or 1 HEPA filter and an air incinerator 

5. Class 3 

6. T 

7. F 

8. T 

9. b 

10. d 

11. a 

12. c



Sections V-VII.  Pages 18-46.

Questions:

1. What negative effect can be induced when the user of a biological safety cabinet (BSC) moves their arms in and out of the hood (such as when moving items into or out of the work area)?

2. What movements within a room may disrupt the air barrier provided by the BSC?

3. When sitting in front of a BSC, you should adjust your seat so that your face is at what level in relation to the BSC?

4. How long should you wait after placing your arms within the BSC until you should start working?

5. What problem can be induced if the hood’s front grille is blocked so that air can not enter?

6. “All operations should be performed on the work surface as least ______inches from the inside edge of the front grill”?

7. Why should extra materials and equipment not be placed within the hood? 

8. True/False:  BSC should not be allowed to run for prolonged periods since they are only designed for a maximum of 12 hours of continuous use?

9. Cabinet blowers should be allowed to run for how long before beginning work?  Why?

10. If the inside of the hood is wiped with bleach as a means to disinfect the surface, what other liquid should then be applied? Why?

11. All materials should be placed as far to the (back/front) as practical.  Aerosol-generating equipment should be placed near the (back/front) of the hood.  Large, bulky items should be place where within the hood?

12. True/False:  It is ok to tape a biohazard collection bag to the outside of the hood?

13. True/False:  It is ok to use upright pipette collection containers both within and on the floor outside of the BSC?

14. The work flow within the cabinet should be from ______ to _______.

15. What is one complication of using an open flame within a BSC? 

16. What is one method to protect a central building vacuum or vacuum pump from contamination when the suction is used within a BSC?

17. When a steam autoclave will be used to decontaminate materials (such as a biohazard bag or discard pan), what substance must be present to help ensure appropriate decontamination?

18. What should you do with a biohazard bag before removing it from the hood and when transporting it to an autoclave?

19. What should be done to all items prior to their removal from the cabinet?

20. After working in a BSC, gloves and gowns should be removed in a way to prevent _________ and  _________.

21. True/False:  Hands should be washed whenever gloves are changed or removed?

22. What must be done to BSCs that have been used with infectious materials before HEPA filters are changed or internal repair is done?

23. Name two gases that can be used to decontaminate BSCs (depending on the agent used within the BSC)?

24. For biosafety level 2 work, the room must be (negatively/positively) pressurized with respect to adjacent space?

25. For biosafety level 2 work, the room must be (negatively/positively) pressurized with respect to adjacent space?

26. Airflow within a facility must be from areas of (least/greatest) to (least/greatest) contamination.

27. At which biosafety level (BSL-3 or BSL-4) must exhausted room air be HEPA-filtered?

28. True/False:  Adequate room air supply must exist in order to ensure appropriate function of the exhaust system.

29. Where must the building exhaust be located with respect to the building supply system?

30. Why should compressed air not be provided within a BSC?

31. How frequently must UV lamps within BSCs be cleaned?

32. What must be done to a UL lamp when a room is occupied?

33. Where, within a room, should the BSC be placed?

34. In order for HEPA filters to be decontaminated prior to their removal, what piece of equipment must be present with respect to the filter housing?

35. When is a bag-in/bag-out (BIBO) filter assembly used?

36. Can a BIBO assembly be added to a cabinet after a standard HEPA filter has been placed and in use?

37. What government agency determines the performance criteria and minimum requirements for Class II BSCs?

38. The operational integrity of a new BSC must be validated before it is put into service or after a cabinet has been ______ or _______.

39. Each BSC should be tested and certified at least how often?

40. True/False:  Certification of the BSC can be done by regular members of a laboratory.

41. What individual tests are done as part of the annual certification of a hood?

42. HEPA filters are typically constructed of paper-thin sheets of ________ pleated to increase surface area, and affixed to a frame.  _______ separators are often added for stability.

Answers:

1. The movement may disrupt the air current present within the hood and therefore may partially compromise the barrier provided by the BSC.

2. Rapid movement, opening or closing doors, anything that can induce changes in air movement within the room.

3. Above the front opening

4. One minute to give enough time for pressure to stabilize within the hood and for your arms to be cleaned indirectly through the HEPA filtered air.

5. Room air may flow directly into the work area instead of first being drawn through the HEPA filter.

6. 4 inches

7. materials and equipment may disrupt the airflow within the cabinet potentially resulting in cross-contamination or a breach in containment.  Only materials necessary for the task at hand should be placed within the hood.

8. False.  BSC can be run 24 hours a day.

9. 3-5 minutes; to allow the cabinet to remove any particulates in the cabinet.

10. Sterile water; to remove the residual chlorine that may corrode the stainless steel surface.

11. Back; back; to one side of the interior.

12. False

13. False, they should not be in either location. Horizontal pipette discard trays  filled with an appropriated disinfectant should be used.

14. The workflow should be from clean to contaminated/dirty.

15. The open flame may create air turbulence that could disrupt the appropriate flow of air.  If a flame must be used, a touch-plate microburner equipped with a pilot light to provide a flame on demand may be used.

16. The suction flasks should be connected to an overflow collection flask (containing disinfection) and an in-line filter.

17. Water – enough to ensure steam generation during the autoclave cycle.

18. The outside of the bag should be decontaminated before it is removed from the cabinet.  It should be placed in a leak proof tray while being transported to the autoclave.

19. All items should be decontaminated.

20. Contamination of unprotected skin and aerosol generation.

21. True.

22. They must be decontaminated.

23. Formaldehyde gas and hydrogen peroxide vapor

24. BSL-2 - It is preferred that the room be negatively pressurized with respect to the adjacent room.

25. BSL-3 - It is required that the room be negatively pressurized with respect to the adjacent room.

26. From areas of least to greatest contamination

27. At BSL-4, the room exhaust air must be HEPA filtered.  This is optional at BSL-3.

28. True

29. The exhaust must be located so as to prevent entrainment of exhaust laboratory air back into the building’s air supply system.

30. Due to the potential for aerosol generation in the event a pressurized vessel fails.

31. Weekly

32. It must be turned off to prevent UV exposure to eyes and skin.

33. Away from areas or pieces of equipment that may create air movement (ex. doors, human traffic areas, air supply registries, chemical fume hoods).

34. Airtight dampers must be installed on both the inlet and discharge side of the filter housing in order to accommodate gas decontamination of the HEPA filter.

35. When it is not possible to decontaminate the HEPA filters with gas or when hazardous toxic chemicals have been used.  They provide protection against exposure for the maintenance personnel and environment.

36. No, the assembly must already be in place when the HEPA filter is first used/installed.

37. The National Sanitation Foundation (NSF Standard 49).

38. Repaired or relocated

39. Annually

40. False, certifiers must have specialized training and be accredited to perform this function.

41. Tests of downflow velocity, inflow velocity, airflow smoke patterns, HEPA filter leak test, cabinet leak test, electrical leakage and ground circuit resistance and polarity, lighting intensity, vibration, noise level, and UV lamp function.

42. Borosilicate medium; aluminum

