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INTRODUCTION 
 

 You are reading this material because you are taking the training course in Biological 
Safety, or Biosafety, as it is commonly abbreviated. This course will serve to 
acquaint you with some of the principle concepts and terminology found in Biosafety, 
and present the basic practices to use to protect yourself from the hazards of 
handling biological agents.  

 
It is by no means comprehensive in scope or content. Hopefully, your awareness will 
be heightened, and you will want to go to the resources given at the end of this 
syllabus, or to the MSSM Institutional Biosafety Program Website- 
http://www.mssm.edu/biosafety/, for more information.  

 
Ultimately, you as a researcher have to decide that you want to work as safely as 
possible while performing your research--no safety program, training, presentations, 
or lectures can succeed otherwise, no matter how well planned and delivered. 
Literally, your safety rests ultimately in your hands. 
 
 
1. WHAT IS BIOSAFETY? 
 
a. History 

 
Biosafety has an old and a new beginning. The “old” beginning was initiated with 
the first studies of microorganisms, disease and pathology. Aseptic technique, 
disinfectants and culturing methods and rudimentary safety devices were 
developed during the late 1800’s-early 1900’s. 
 
The “new” beginning came in the 1970’s at the time when researchers developed 
the abilities to “cut-and -splice” DNA, and transfect microorganisms with these 
novel recombinants, requiring the development of a new biosafety on the 
framework of the old principles. 
 

b. Principles 
 

If one looks at the principle guidance documents for Biosafety in existence today, 
the key principles practiced today are the same as those of the “old” period of 
biosafety, specifically Good Microbiological Technique. There is no substitute, 
and all of the different Biosafety Levels used by the NIH and the CDC are based 
on these specific practices: 
 

-     Possess beforehand the knowledge, skill and ability to work with specific 
organisms safely and in a manner that does not present risk to self and 
others 

- Handwashing after handling cultures or infectious materials 
- Good “Housekeeping”- keeping work surfaces and equipment clean and 

disinfected, with proper storage of infectious materials 
- Decontamination of stocks, cultures and wastes by autoclave 
- Controlling aerosol-generating practices and splash hazards 
- Needles, syringes, glass-items and other sharps are handled with caution 

and disposed of accordingly 
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By consistently using these basic practices, you are creating a relatively safe 
work place to work with your biological agents. 
 

 
c. Microorganisms 

 
Microorganisms encountered in research can run the spectrum of the different 
kingdoms, phyla and orders that organisms occur in, and include those that defy 
classification such as prions, Actinomycetes etc. 
 
By and large, most of the organisms found in research today are of the following: 
 
  -Bacteria 
  -Chlamydiae 
  -Rickettsiae 
  -Fungi 
  -Viruses 
  -Prions 
  -Protozoans (Parasites) 
 
We could even throw a few more in, but these are sufficient for our current 
purposes. 
   

d. Risks 
 

With each project there are risks associated with a given hazard that a 
microorganism possesses. To clarify further, a HAZARD is a characteristic that is 
inherent within a particular microbe. The microbe may produce a toxin, or is 
extremely invasive due to receptors on its surface-this is the hazard.  
 
The chance that an exposure or circumstance that will bring this microbe and its 
hazard into contact with you as the recipient, is the RISK. The balancing of 
Hazard and Risk is the main activity of Biosafety. The need to perform research 
with a hazardous microbe in order to gain knowledge is leveraged against the 
risks to personal health and safety of the researcher. 
 
Biosafety attempts to clarify the hazards and the risks associated with 
microorganisms, and seeks to provide an operating framework in which research 
can proceed safely. A framework is used instead of rigid rules, because flexibility 
is key in working with different groups, and sometimes, within individual genera 
of microorganisms. 
 
To provide some examples of hazards, blood-borne pathogens are spread 
through direct contact with human blood, and are always assumed to be present 
in every human blood and body fluid specimen. Airborne pathogens do not need 
direct contact per se, but if inhaled can set-up an infection in the recipient. Food-
borne pathogens require ingestion of contaminated food and have different 
hazards and risks associated with these exposures. 
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Bioaerosols, or aerosols of infectious agents pose the greatest hazard of 
exposure to a pathogenic agent in the laboratory. Of special concern are 
droplets, or particulates of 1-5 microns in diameter. These objects on inspiration,  
 
can penetrate deep into the alveolar region of the lungs, giving ample opportunity 
for an infectious agent to start growing and cause disease. Simple lab techniques 
such as mechanical mixing, using a blender, using a sonicator, or centrifuging 
can release aerosols within the specified diameter-range. Fluid-borne agents, 
when aerosolized can behave in a similar manner to airborne-agents if the right 
pathogenic mechanisms exist for setting up infection by that route of exposure. 
 
Next to inspiring aerosols, needle sticks, direct contact with infectious material, 
injuries with broken glass or other sharps, aspiration through a pipette (by 
mouth), and bites/scratches from animals are all causes of lab-acquired illness in 
descending order of incidence.  Prudent practices in the laboratory seek to avoid 
or eliminate outright these sources of exposure. 
 
 

e. Regulatory Agencies 
 

In the United States alone, the following agencies have jurisdiction over the 
acquiring, handling, storing and disposal of microbiological agents: 
  -CDC* 
  -NIH* 
  -USDA 
  -USPHS 

-USDOT 
-US Postal Service 
-USEPA 
-OSHA 
-FEMA 

http://www.mssm.edu/biosafety/ has links to some of these agencies 
 

The two asterisked Agencies, the National Institutes of Health and the Centers 
for Disease Control and Prevention publish specific guidance documents for 
Biosafety and Recombinant DNA research. Researchers should become familiar 
with these two agencies and their requirements since they impact on research 
activities and Grant funding. 
 

 
2. PRIMARY CONTAINMENT 
 
Primary containment is the set of practices that you perform in the laboratory to 
contain and isolate the hazards associated with a given organism in order to reduce 
the risk of personal occupational exposure to that organism. It is the primary or first-
line of defense. 
 
Examples of primary containment are: 
 - Using self-sealing closures, screw-cap closures on tubes, flasks etc 
 - Using Biological Safety Cabinets (Tissue-Culture “Hoods”) 
 - Using Glove boxes for high-hazard operations 

- Using lab coats, respirators, gloves, gowns, suits and other forms of 
Personal Protective Equipment (PPE) 
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-Using special safety caps on centrifuge buckets and rotors 
 

 All of these are active/interactive practices you utilize in the lab 
 
 

3. SECONDARY CONTAINMENT 
 
Secondary containment utilizes a more passive, less interactive group of practices 
and equipment to create or enhance the safety of the work area. The equipment is 
usually facilities-associated, and usually extends from the laboratory to adjacent 
areas and even external to the whole facility.  
 
Examples of secondary containment are: 
 -self-closing, sealed doors 

-double-door access anti-rooms under negative pressure 
 -sealed walls and floors, with no open penetrations to the outside 
 -directional flow ventilation systems 
 -differential pressures between low and high-hazard areas 
 -contained plumbing systems with HEPA-filtered vents 
 
All of these are examples of equipment / facilities that are designed / engineered in 
such a manner as to prevent the release of pathogens to surrounding areas within 
and outside of the research building. 
 
 
4. BIOLOGICAL CONTAINMENT 
 
Whereas some of the previous containment practices and equipment have been 
around from the earliest days of microbiology / infectious disease research, this type 
of containment was developed by the NIH in response to the emerging science of 
biotechnology and Recombinant DNA Research of the 1970’s. The basic underlying 
concept is to use bacteria, plasmids, fungi and viruses that were restricted in 
replication and / or propagation, that in the event of accidental release to the external 
environment, these organisms would be incapable of survival outside of the 
laboratory, and would not imperil the community at large. 
 
Appendix I (http://www4.od.nih.gov/oba/RAC/guidelines/appendix_i.htm) 
of the NIH Guidelines covers this concept in some detail and gives examples of 
specific Host-Vector systems that have been certified since the earliest days of R-
DNA research. 
 
 
5. HEALTH AND SAFETY PRACTICES 
 
For many of the microbes that have been studied or used in the past, the CDC and 
the NIH have together and separately developed health and safety practices to 
protect individuals working with these agents. In “Biosafety in Microbiological and 
Biomedical Laboratories” and referred to by biosafety practitioners as “BMBL”, the 
NIH and CDC present the specific BioSafety Levels (BSLs) and Agent Summary 
Statements for many biological agents. 
 (See: http://www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4toc.htm ). 
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The NIH in its “Recombinant DNA Guidelines” has Appendices which cover Risk 
Groups for the microorganisms, Physical Containment and Biological Containment to 
be used with the Risk Groups, and Large Scale Containment Practices.  
(See: http://www4.od.nih.gov/oba/rac/guidelines/guidelines.html ). 
 
Together, both references constitute the bulk of the health and safety practices 
required to work safely. Much has been learned about which classes of microbes 
present which hazards, the associated risks, and the required levels of protection 
based on recommendations from the Sulkin and Pike studies given in the “BMBL”. 
 
 
6. APPLYING BIOSAFETY PRINCIPLES 
 
When you are designing your projects, take a close look at the biological agents that 
you will be using and how you will be using them. The first step is to identify what 
diseases the microbe is associated with. As stated above, there is already a large 
base of information on many agents. This will aid you in determining what safety 
procedures and practices to use in your project. 
 
If you have the fortune of working with an agent that has not been characterized well, 
look at what diseases have been associated with the agent. Serratia marcescens 
was used as a surrogate in studying the movement of biological aerosols, and was 
considered  a “safe” bacteria, until it was associated with human meningitis cases.  
 
Use Risk Groups to determine what a potential exposure to a given bacteria, virus, 
etc could do to you if it came out of containment. Then use the BioSafety Level 
practices and procedures recommended in either the “NIH Guidelines” or “BMBL” 
that give you the greatest protection from your microbe of choice. Remember that 
these levels are to be considered as minimal practice levels- they do not include all 
practices possible, and do not exclude other methods of arriving at the same level of 
protection. Congratulations, you have just performed a Job-Hazard Analysis with 
appropriate safeguard recommendations. 
 
For most practical lab work, the use of a Biological Safety Cabinet (BSC) eliminates 
most potential exposures in a similar way that a chemical fume hood protects 
researchers from the hazards of chemical exposure. Using the BSC, and screw-cap 
containers, sealed centrifuge buckets in combination provides a higher level of 
protection together. 
 
In the paradigm being used, it is necessary to consider the Source, the Pathway 
and the Receiver in designing a safety procedure. Any interdiction we make at these 
points to interrupt the exposure will give us the result we seek. 
 

The Source:  by containing the microbe in sealed containers, centrifuging or 
vortexing a suspension will not result in aerosol release.  

 
The Pathway: by using a Biological Safety Cabinet, any aerosols generated 

will be contained within the cabinet and directed away from the 
Receiver. 
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The Receiver: if none of the above options are available to you, then we have 

to start hanging protective equipment on you--i.e., gloves, 
gowns, respirators, bonnets, shoe-booties etc. to provide 
equivalent protection. 

 
Any one of these examples can be used, or all of them, in combination to provide a 
safe level of protection. It is more preferable to use passive systems such as the 
special containers or the BSC, as opposed to using interactive systems which rely on 
your ability to put on, use, and discard when contaminated, any or all of the items in 
the system. 
 
A good BioSafety Level (BSL-) to use for most microbiological, recombinant-DNA, 
tissue culture, or blood-work is BioSafety Level 2 (BSL-2). This set of practices and 
procedures should be considered the minimum operating procedures for 
laboratories working with these materials. 
 (See :http://www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4s3.htm ). 
 
 
7. EMERGENCY PROCEDURES 
 
Every laboratory working with a pathogen, irrespective of its biosafety level or risk 
group designation should prepare an emergency procedure to follow in the event of a 
spill or exposure. The MSSM Institutional Biosafety Program web-site has a Spill 
Guide that can be used for developing your procedures. Even if the procedure is no 
more than holding your breath and exiting the area, everyone should know this and 
be trained in this response while working in that lab. Phone numbers for the MSSM 
safety officers, the Emergency Department, Paramedics should be handy by the 
phone. For BSL-3 or Risk Group 3 Agents, a Standard Operating Procedure manual 
must be prepared and everyone trained in the practices and procedures contained in 
that plan. All procedures have to be included, from when the agent or specimen 
arrives, through how it is manipulated, incubated, cultured, stored and finally 
destroyed and disposed of. 
 
If you have had a spill or exposure, wash the site of the exposure with soap and 
water for fifteen minutes. Be sure to remove any contaminated articles of clothing.  
Notify the Biosafety Officer at once at 241-1451. Go to the Employee Health Service, 
or the Emergency Department after-hours and weekends. 
  
If you are stuck by a needle, or cut with contaminated glass, follow the needlestick 
procedure and call the Page Nurse at 4118, and inform the nurse that you have had 
a needlestick injury. Notify the Biosafety Officer after being treated. Use the form on 
the IBP website to report your injury in compliance with OSHA regulations. 
GoTo: http://www.mssm.edu/biosafety/forms/BSO-1.doc 
 
 
 
 
 
 
 



 8

 
 
8. REFERENCES 

 
a.  National Cancer Institute (1975); Safety Standard for Research involving 

Chemical Carcinogens.  DHEW Publication No. (NIH) 78-900; NIH, NCI, 
Bethesda, MD  

 
b. U.S. Public Health Service (1974); NIH Biohazards Safety Guide; GPO Stock No. 

1749-0083 Supt. Documents U.S. Government Printing Office, Washington DC 
20402 ($3.85) 

 
c. National Cancer Institute (1974); Safety Standards for Research involving 

Oncogenic Viruses.   DHEW Publication No. (NIH)-75-790 
 
d. Manufacturing Chemists Association:  Laboratory Waste Disposal Manual.  Revised 

August 1975 MCA 1825 Connecticut Avenue, Washington DC 20009 
 
e. Kruse, Richard H.; Microbiological Safety Cabinetry, September 1981.  Medico-

Biological Environmental Development Institute, Inc. P.O. Box 11486, Lexington KY 
40576 

 
f. U.S. D.H.H.S./P.H.S.; CDC-NIH Biosafety in Microbiological and Biomedical 

Laboratories, May, 1999 ( 4th Ed.).  Joint Publication by NIH, Bethesda, MD and 
C.D.C. Atlanta Georgia.  HHS No. (CDC) 93-8395 

 
g. U.S.D.H.H.S./P.H.S./Center for Disease Control; Proposed Biosafety Guidelines for 

Microbiological and Biomedical Laboratories , C.D.C. Atlanta, Georgia 
 
h. U.S.D.H.H.S./P.H.S.; NIH Guidelines for the Laboratory use of Chemical 

Carcinogens; NIH Publication No. 81-2385 (May 1981) Superintendent of 
Documents, U.S. Government Printing Office, Washington DC 20402. 

 
i. U.S. DHEW/P.H.S.;  Biohazard control and containment in Oncogenic Virus 

Research ; DHEW Publication No. (NIH)73-459 
 
 j. U.S. DHEW/P.H.S. ; Classification of Etiologic Agents on the Basis of Hazard; 4th 

Edition, 1974; CDC Office of Biosafety, Atlanta, Georgia 
 
 k. U.S. DHEW/P.H.S/NIH/NCI; Effective use of the Laminar Flow Biological Safety 

Cabinet; NCI, Bethesda, MD 
 
 l. U.S. DHEW/P.H.S.; Laboratory Safety Monograph; A supplement to the NIH 

Guidelines for Recombinant DNA Research ; National Cancer Institute, January 
1979. 

 
 m. U.S. DHEW/P.H.S.: Guidelines for Research involving Recombinant DNA Molecules; 

(January, 2001); National Institutes of Health. 
 
 n. Davis, B.D. Dulbecco, R., Eisen, H.N. et al ; Microbiology, Third Edition (1980); 

Harper and Row;Hagerstown, MD 
 
 
 o. Joklik W.K., Willet, H.P.; Zinsser Microbiology ; 18th Edition 1984; Appleton-Century-

Crofts/ New York 
 
 p. Block, S.S.; Disinfection, Sterilization and Preservation ; 2 Edition (1977) Lea and 

Febiger, Philadelphia. 



 9

 
 
 
 q. Pelczar, M.J. Reid, R.D., Chan, E.C.S.; Microbiology, 4 Edition (1977); McGraw-Hill 

Book Company, New York 
 
 r. Lennette, E.H., Spaulding , E.H. Truant, J.P.;  Manual of Clinical Microbiology ; 2nd 

Edition  (1974) Americal Society for Microbiology, Washington DC 
 
s. Fleming, D., Richardson, J. et al.  Laboratory Safety – Principles and Practices; 2nd 

Edition 1995; ASM Press American Society for Microbiology, Washington DC 
 
t. Fleming, D., Hunt, D.;  Biological Safety – Principles and Practices; 3rdd Edition 

2000; ASM Press American Society for Microbiology, Washington DC 
 
u. Heinsohn, P.A.; Jacobs, R.R.; Concoby, B.A.; Biosafety Reference Manual; 2nd 

Edition 1995; AIHA Publications; American Industrial Hygiene Association; Fairfax, 
Va. 

 
v. U.S. D.H.H.S./P.H.S.;C.D.C. and NIH; Primary Containment for Biohazards: 

Selection, Installation and Use of Biological Safety Cabinets; 2nd Edition, Sept. 2000; 
CDC Atlanta, Ga. 

  
w. U.S.D.H.H.S./P.H.S./NIH; Recombinant DNA Technical Builletin ; NIH Publication No. 

82-99 
 
x. AIHA Biohazards Committee; Biosafety - Reference Manual ; 2nd Edition,1985; Am. 

Indust. Hygiene   Assoc.;  Akron,  Ohio 
 
y. Miller, B et al.; Laboratory Safety: Principles and Practices ; 1986 American Society 

for Microbiology, Washington, D.C. 
 
z. NSF 49 - 1992 ; Class II (Laminar Flow) Biohazard Cabinetry ; (1992) National 

Sanitation Foundation ; Ann Arbor, Michigan. 
 
aa. Collins, C.H.; Laboratory-Acquired Infections; 2nd Edition, (1988) Butterworths &Co. 

Ltd.London. 
 

bb. Fuerst, R.; Frobisher and Fuerst’s Microbiology in Health and Disease; 15th Edition 
(1983); W.B. Sunders, Phila. 

 
cc. Kruse, R.H.; Puckett, William H.; “Biological Safety Cabinetry”; Clinical 

Microbiological  Reviews; Vol 4 (2), pp 207-241; (1991) American Society for 
Microbiology, Washington, D.C. 

 
dd. Volk, M.A., Benjamin, D.C. et. al.: Essentials of Medical Microbiology; 3rd Edition 

(1986); J.B. Lippincott, Co., Phila. Pa. 
 

ee. U.S. D.H.H.S./P.H.S.; CDC-NIH Biosafety in Microbiological and Biomedical 
Laboratories, May, 1993 (3rd Ed.). Joint Publication by NIH, Bethesda, MD and 
C.D.C. Atlanta Georgia.  HHS No. (CDC) 93-8395 

 
ff. Chin, J; Control of Communicable Diseases Manual; 17th Edition 2000; Am. Public 

Health Association, Washington, D.C. 
 

 
Pgh: 4/02 
 



 10

 
 
 
 

 
 
 
 

Figure 3.The Class II, Type A BSC. 

 

A. front opening 
B. sash 
C. exhaust HEPA filter 
D. rear plenum 
E. supply HEPA filter 
F. blower 

Source: CDC / Primary Containment for Biohazards: Selection, Installation and 
Use of Biological Safety Cabinets; 2nd Edition  

 
 


