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	1. Biosafety levels
Second Stage//  First Semester
Prof. Dr. Samah Ahmed AL-Jebory
Clinical Laboratory Sciences
Department
Lecture 2
 


	2. Biological Safety Levels  (BSL) : are a series of protections -related
activities that take place in particular biological labs. They are
individual safeguards designed to protect laboratory personnel, as
well as the surrounding environment and community . These levels,
which are ranked from one to four, are selected based on the agents
or organisms that are being researched or worked on in any given
laboratory setting..
The reason of study the biosafety levels because they are important to dictate
the type of work practices that are allowed to take place in a lab setting. They
also heavily influence the overall design of the facility in question, as well as the
specialized safety equipment used within it.
 


	3. .
.
The lab levels  are determined by the following:
1- Risks related to containment.
2- Severity of infection.
3- Transmissibility.
4- Nature of the work conducted.
5-Origin of the microbe.
6- Types of Agent .
7- Route of exposure.
What is a Strategic Risk Assessment?
A strategic risk assessment is a the process of identifying, assessing and
controlling systematic threats, continuous process for organizations to
identify its strategic risks and understand how those risks are being managed
across the business.
 


	4. Managing risks can  involve applying different risk responses to
deal with varying types of risk. The Important risk management
strategies are:
- Avoiding Risk.
- Accepting Risks.
-Mitigating Risks.
- Transferring Risks
The assignment of an agent to a biosafety level for laboratory work
must be based on a risk assessment. Such an assessment will take the
risk group as well as other factors into consideration in establishing
Thus, the assignment of a biosafety level takes into consideration the
organism(pathogenic agent) used, the facilities available, and the
equipment practices and procedures required to conduct work safely
in the laboratory the appropriate biosafety level.
 


	5. Classification of risk  groups:
- Risk Group 1 (no or low individual and community risk)
A microorganism that is unlikely to cause human or animal disease.
- Risk Group 2 (moderate individual risk, low community risk) -
A pathogen that can cause human or animal disease but is unlikely to
be a serious hazard to laboratory workers, the community, livestock
or the environment. Laboratory exposures may cause serious
infection, but effective treatment and preventive measures are
available and the risk of spread of infection is limited.
- Risk Group 3 (high individual risk, low community risk)
A pathogen that usually causes serious human or animal disease but
does not ordinarily spread from one infected individual to another.
Effective treatment and preventive measures are available.
 


	6. .
- Risk Group  4 (high individual and community risk)
A pathogen that usually causes serious human or animal disease and
that can be readily transmitted from one individual to another,
directly or indirectly. Effective treatment and preventive measures
are not usually available.
Biosafety Levels (BSLs): Practices And Equipment
1- Biosafety Level -1 (BSL–1):
It is the lowest of the four, biosafety level 1 applies to laboratory settings
in which personnel work with low-risk microbes that pose little to no
threat of infection in healthy adults. An example of a microbe that is
typically worked with at a BSL-1 is a nonpathogenic strain of E. coli.
 


	7. A BSL-1 lab,  which is not required to be isolated from surrounding
facilities, houses activities that require only standard microbial
practices, such as:
- Mechanical pipetting only (no mouth pipetting allowed) .
- Safe sharps handling.
- Avoidance of splashes or aerosols.
-Daily decontamination of all work surfaces when work is complete.
Work surfaces are decontaminated once a day, all liquid and solid
wastes are decontaminated before disposal.
- Prohibition of food, drink and smoking materials in lab setting
- Personal - protective equipment, such as; eye protection, gloves
and a lab coat or gown.
- Biohazard signs.
 


	8. • Access to  the laboratory is limited or restricted at the discretion of the Principal
Investigator (PI).
• Procedures are performed carefully to prevent formation of aerosols.
• Good hygiene including washing hands and wearing protective clothes is
encouraged.
• Special practices:
• Contaminated materials to be decontaminated at a site away from the laboratory
are transported in durable, leak-proof containers with closed lids.
• An insect and rodent control program is required.
• Laboratory facilities:
• The laboratory should be designed to be easily cleaned.
• Bench tops should be resistant to water, acid/alkali/organic solvents and should
have sinks for hand-washing.
 


	9. Note: BSL-1 labs  also requires immediate decontamination after
spills. Infection materials are also decontaminated prior to
disposal, generally through the use of an autoclave.
2- Biosafety Level -2 (BSL–2):
This biosafety level covers laboratories that work with agents
associated with human diseases (i.e. pathogenic or infections
organisms) that pose a moderate health hazard. Examples of
agents typically worked with in a BSL-2 include equine
encephalitis viruses, as well as Staphylococcus aureus (staph
infections)
 


	10. BSL-2 laboratories maintain  the same standard microbial
practices as BSL-1 labs, but also includes enhanced measures due
to the potential risk of the mentioned microbes. Personnel
working in BSL-2 labs are expected to take even greater care to
prevent injuries such as cuts and other breaches of the skin, as
well as ingestion and mucous membrane exposures.
the following practices are required in a BSL 2 lab setting:
• Appropriate personal protective equipment (PPE) must be
worn, including lab coats and gloves. Eye protection and face
shields can also be worn, as needed.
• All procedures that can cause infection from aerosols or
splashes are performed within a biological safety cabinet (BSC).
 


	11. • An autoclave  or an alternative method of
decontamination is available for proper disposals.
• The laboratory has self-closing, lockable doors.
• A sink and eyewash station should be readily available.
• Biohazard warning signs with the universal biosafety
symbol (as in figure below) with details of the agent used,
contact information, and any special requirements for entry,
are to be posted on the access door.
Access to a BSL-2 lab is far more restrictive than a BSL-1 lab.
Outside personnel, or those with an increased risk of
contamination, are often restricted from entering when work is
being conducted.
 


	12. • Special practices:
•  Must limit access to the laboratory and establishes policies and procedures
whereby persons entering the laboratory are aware of the hazard and meet any
specific entry requirements (such as immunization).
Figure 1: Biohazard warning signs
 


	13. •Protective clothing used  exclusively in the laboratory is
required; gloves are to be used to prevent skin contamination
with experimental organisms.
• Only needle-locking hypodermic syringes are used, placed in
puncture-proof containers after use, and decontaminated before
disposal.
• A biosafety manual is prepared and adopted for safety of
personnel.
• Baseline serum samples of all laboratory and at-risk
personnel should be collected and stored in accordance with
institutional policy.
 


	14. 3- Biosafety Level  -3 (BSL–3):
Again building upon the two prior biosafety levels, a BSL-3
laboratory typically includes work on microbes that are either
indigenous or exotic, and can cause serious or potentially lethal
disease through inhalation. Examples of microbes worked with in
a BSL-3 includes; yellow fever, West Nile virus, and the bacteria
that causes tuberculosis.
The microbes are so serious that the work is often strictly
controlled and registered with the appropriate government
agencies. Laboratory personnel are also under medical
surveillance and could receive immunizations for microbes they
work with.
 


	15. Standard microbiological practices  in a BSL-3 laboratory include:
• Persons below 16 years of age are not permitted entry.
• Standard personal protective equipment must be worn, and
respirators might be required
• Solid-front wraparound gowns, scrub suits or coveralls are
often required
• All work with microbes must be performed within an
appropriate BSC
• Access hands-free sink and eyewash are available near the
exit
• Sustained directional airflow to draw air into the laboratory from
clean areas towards potentially contaminated areas (Exhaust air cannot be
re-circulated)
•
 


	16. A self closing  set of locking doors with access away from general
building corridors.
Access to a BSL-3 laboratory is restricted and controlled at all
times.
• Special practices:
• Laboratory doors are kept close when experiments are in
progress.
• Laboratory clothing that protects street clothes is to be
worn in the laboratory, removed when exiting the laboratory, and
decontaminated prior to laundry or disposal.
• Molded surgical masks or respirators are worn in rooms
containing experimental animals.
 


	17. • If animals  housed with conventional caging system, personnel
must wear protective devices that includes wrap-around gowns,
head covers, gloves, shoe covers, and respirators; personnel shall
shower on exit from areas where these devices are required.
• Alternatively, laboratory animals shall be housed in partial-
containment caging systems; no animals other than the
experimental animals are allowed.
• Vacuum lines are protected with high efficiency particulate air
(HEPA) filters and liquid disinfectant traps.
• Spills and accidents which result in potential exposure to
modified organisms are immediately reported to the Biological
Safety Officer, Institutional Biosafety Committee (IBSC) .
 


	18. • Laboratory facilities:
•  Laboratory must to be separated from open areas within the
building and accessed through two sets of doors; physical separation
of high containment laboratory from other laboratories or activities,
may be provided by a double-door clothes change room with
showers, airlock, or other double-door access features.
• Interior surfaces of walls, floors, and ceilings are water resistant
for easy cleaning, should be capable of being sealed for
decontaminating the area.
• Access doors are self-closing.
 


	19. 4- Biosafety Level  -4 (BSL–4):
BSL-4 labs are rare. However some do exist in a small number of
places in the US and around the world. As the highest level of
biological safety, a BSL-4 lab consists of work with highly dangerous
and exotic microbes. Infections caused by these types of microbes are
frequently fatal, and come without treatment or vaccines. Examples
of such microbes include Ebola , Corona and Marburg viruses.
In addition to BSL-3 considerations, BSL-4 laboratories have the
following Standard microbiological practices:
• Personnel are required to change clothing before entering,
shower upon exiting.
• Decontamination of all materials before exiting.
 


	20. • Personnel must  wear appropriate personal protective
equipment from prior BSL levels, as well as a full body, air-
supplied, positive pressure suit
• A BSL-4 laboratory is extremely isolated—often located
in a separate building or in an isolated and restricted zone of the
building. The laboratory also features a dedicated supply and
exhaust air, as well as vacuum lines and decontamination
systems.
Knowing the difference in biosafety lab levels and their corresponding
safety requirements is imperative for anyone working with microbes
in a lab setting.
 


	21. • Special practices:
•  Access to the facility is limited by means of secure locked doors;
accessibility is restricted to authorized personnel and is supervised and
managed by the PI, Biological Safety Officer, or person responsible for the
physical security of the facility.
• A log of entry and exit of personnel is maintained. All personnel are
advised of potential biohazards and are to comply with instructions on
entry and exit procedure. Protocols for emergency situations are
established.
• Biological material to be removed in an intact state are to be sealed
in a primary non breakable container, enclosed and sealed in a secondary
non breakable container, and removed from the facility through a
disinfectant dunk tank, fumigation chamber, or an airlock designed for
the purpose.
 


	22. • Personnel enter  and exit the facility only through clothing change and shower
rooms; shower every time they exit the facility.
• Street clothing is removed and kept in an outer changing room. Complete
laboratory clothing (may be disposable) is provided and to be used by all personnel
entering the facility. When exiting, the laboratory clothing is removed in an inner
changing room before proceeding to the shower area. The clothing is
decontaminated prior to laundering or disposal.
• Supplies and material are brought into the facility through a double-door
autoclave, fumigation chamber, or airlock.
 


	23. Laboratory facilities:
• The  maximum containment facility is to be housed in a separate
building or a clearly demarcated and isolated zone within a
building.
•Internal surfaces of walls, floors, and ceilings of the facility should
be water, acid, and alkali resistant; the facility should be sealable for
fumigation, animal and insect proof.
•Ventilation lines contain HEPA filters.
• Bench tops have seamless surfaces impervious to acids, alkalis,
organic solvents, and moderate heat; construction of the facility
should have adequate space for accessibility for cleaning.
• Access doors are self-closing and locking.
 


	24. Thank you
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