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Risk assessment 

• When dealing with potentially hazardous biological agents 

(PHBA), it is the responsibility of the student and supervisor 

involved in a research project to conduct and document a risk 

assessment. 

• It will define the potential level of harm, injury or disease to 

plants, animals and humans that may occur when working with 

biological agents. 

• The risk assessment determines a biosafety level which in turn 

determines if the project can proceed, and if so, the laboratory 

facilities, equipment, training, and supervision required.
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Levels of Biological Containment

There are four levels of biological containment (Biosafety Level 

1–4). 

Each level has guidelines for laboratory facilities, safety 

equipment and laboratory practices and techniques.
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BSL-1

• BSL-1 containment is 

normally found in 

water-testing 

laboratories, in high 

schools, and in colleges 

teaching introductory 

microbiology classes. 

• Work is done on an 

open bench or in an 

appropriate biosafety 

hood. 
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• Standard microbiological practices are used when working in 

the laboratory. 

• Decontamination and sterilization can be achieved by treating 

with chemical disinfectants and by steam autoclaving. 

• Lab coats and gloves are required. 

• The laboratory work is supervised by an individual with 

general training in microbiology.
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BSL-2

• BSL-2 containment is designed to maximize safety when 

working with agents of moderate risk to humans and the 

environment. 

• Access to the laboratory is restricted. 

• Biological safety cabinets (Class 2, type A, BSC) must be 

available. 

• These are fitted with HEPA (high efficiency particulate air) 

filters which provide clean air to make different types of safety 

barriers between the work place and user.
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• An autoclave should be readily available for decontaminating 

waste materials. 

• Lab coats and gloves are required; eye protection and face 

shields must also be worn as needed. 

• The laboratory work must be supervised by a scientist who 

understands the risk associated with working with the agents 

involved.
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BSL-3

• BSL-3 containment is required for infectious agents that may 

cause serious or potentially lethal diseases as a result of 

exposure by inhalation.

• No part of the body is in direct contact with infectious 

material and laboratory material being used.

• The worker slips his/her hands in gloves fitted in a sealed 

glass shield and work.

• Student projects in the BSL-3 group are prohibited.
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BSL-4

• BSL-4 containment is required for dangerous/exotic agents

that pose high risk of life-threatening disease such as Ebola 

and Marburg viruses. 

• The worker has to wear a positive pressure suit before working 

in this facility.

• Student projects in the BSL-4 group are prohibited.

• These facilities are very expensive and there are only a few 

centers in the world.
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Positive pressure suit: A scientist puts on a positive pressure suit, something needed to 
work with the most dangerous human pathogens in a biosafety level 4 laboratory.
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Laminar Flow

• A laminar flow clean bench provides a space to work with a 

product or specimen where it will be protected from 

contamination by particulates such as microorganisms. 

• This is accomplished by the laminar (smooth, constant) flow of 

clean air from a HEPA filter, which is blown across the 

workspace and out toward the user and the lab. 

• Thus the basic laminar flow clean bench provides no protection 

for the user from chemically hazardous or infectious materials, 

including particulate or volatile hazards, and aerosols. 
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Rules for ALL Studies with Potentially Hazardous Biological 

Agents (PHBA)

All projects involving microorganisms, recombinant DNA 

technologies and human or animal fresh/frozen tissues, blood or 

body fluids must adhere to the rules for Potentially Hazardous 

Biological Agents (PHBA).
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1. Prior review and approval is required for the use of 

potentially hazardous microorganisms (including bacteria, 

viruses, viroids, prions, rickettsia, fungi, and parasites), 

recombinant DNA (rDNA) technologies or human or 

animal fresh/frozen tissues, blood, or body fluids.

2. University scientific and ethical committees must approve all

research before experimentation begins. 



Dr Abdul Haque 18

3. Experimentation involving the culturing of potentially 

hazardous biological agents, even BSL-1 organisms, is 

prohibited in a home environment. 

However, specimens may be collected at home as long as 

they are immediately transported to a laboratory with the 

relevant BSL containment. 
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4. Research determined to be at Biosafety Level 1 

(BSL-1) must be conducted in a BSL-1 or higher 

laboratory. 

The research must be supervised by a trained 

Designated Supervisor or a Qualified Scientist. 

The student must be properly trained in standard 

microbiological practices.
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5. Research determined to be a Biosafety Level 2 (BSL-2) 

must be conducted in a laboratory rated BSL-2 or above 

(commonly limited to a Regulated Research Institution).

The research must be reviewed and approved by the 

Institutional Biosafety Committee (IBC) if the Regulated 

Research Institution requires the review. 

The research must be supervised by a Qualified Scientist. 

6. Students are prohibited from designing or participating in 

BSL- 3 or BSL-4 Research.



Dr Abdul Haque 21

7. Laboratory studies designed to culture known clinically 

significant multidrug resistant organisms (MDROs) must 

have a written justification for usage. 

It should be conducted at a Regulated Research Institution 

laboratory with a minimum of BSL-2 containment and 

documented review and approval. 
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Representative examples include, but are not limited to the 

following known agents: 

• MRSA (Methicillin- Resistant Staphylococcus aureus) 

• VISA/VRSA (Vancomycin Intermediate or Resistant 

Staphylococcus aureus) 

• VRE (Vancomycin-Resistant Enterococci) 

• CRE (Carbapenem Resistant Enterobacteriacae) 

• ESBLs (Extended Spectrum Beta-Lactamase producing gram 

negative organisms) 

• Fungi (yeasts or molds) with known resistance to antifungal 

agents.
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8. Insertion of antibiotic resistance markers for the clonal 

selection of bioengineered organisms is permitted, with 

the following exceptions:

-- Students are prohibited from the insertion of antibiotic-

resistance traits or selection of organisms expressing traits 

that may affect the ability to provide effective treatment 

of infections acquired by humans, animals, or plants.

-- Students are prohibited from designing or selecting for 

multiple drug resistant organisms (MDROs) to 

investigate the pathology, development, or treatment of 

antibiotic-resistant infections.



Dr Abdul Haque 24

9. Extreme caution must be exercised when selecting and 

sub-culturing antibiotic-resistant organisms. 

Studies using such organisms, including BSL-1 organisms 

require at least BSL-2 containment.

10. The culturing of human or animal waste, including 

sewage sludge, is considered a BSL-2 study.

11. Naturally-occurring plant pathogens may be studied 

(not cultured) at home, but may not be introduced into a 

home/garden environment.
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12. All potentially hazardous biological agents must be 

properly disposed at the end of experimentation in 

accordance with their biosafety level. 

For BSL 1 or BSL 2 organisms, autoclave at 121 degrees 

Celsius for 20 minutes. 

Use of a 10% bleach solution (1:10 dilution of domestic 

bleach), incineration, alkaline hydrolysis, biosafety pick-up 

and other manufacturer recommendations are acceptable.
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Research with unknown microorganisms can be treated as a 

BSL-1 study under the following conditions:

• Organism is cultured in a plastic petri dish (or other standard 

non-breakable container) and sealed. 

• Experiment involves only procedures in which the petri dish 

remains sealed throughout the experiment (e.g., counting 

presence of organisms or colonies).

• The sealed petri dish is disposed off via autoclaving or 

disinfection under the supervision of the Designated 

Supervisor.
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• If a culture container with unknown microorganisms is opened 

for any purpose, (except for disinfection for disposal), it must 

be treated as a BSL-2 study and involve BSL-2 laboratory 

precautions.
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