
Biosafety



É This and other LHSD safety courses only provide basic safety principles
     LHSD

É Your supervisor must give you specific safety instructions and hands - on training

É Your rights as a worker:
     

Å To know about hazards in your work and ways to control them             

Å To have a safe and healthy work environment
            

Å To have proper personal protective equipment
            

Important Reminder
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É What is
     

Containment principles, technologies and practicesthat are implemented to prevent unintentional exposure
to biological agentsor their inadvertent release.

ɹ ɺ

É What is
     

Laboratory biosafety refers to maintaining biosafety conditions and status at or above permissible levels,
thereby preventing unacceptable harm to laboratory personnel, visitors, the community, and the
environment. Laboratories must ensure compliance with relevant regulations, standards,and requirements
pertaining to their biosafety responsibilities.

ɹ ɹ
ɹ ɺ

Definition of Biosafety



Why is laboratory biosafety important ?

É Should a laboratory biosafety incident occur, it may...
     ...

Å Directly causing injury and mortality among laboratory personnel, while concurrently impairing their physical 
and psychological well- being

Å The leakage of infectious agents  will precipitate  public health emergencies

Å The accidental discharge of biotoxins into environmental matrices results in persistent contamination of 
terrestrial and aquatic ecosystems

/

Laboratory biosafety constitutes a critical component of overall biological security. Recognizing the
significanceof laboratory biosafety safeguardsnot only personnel'slivesand well- being but also protects
public health while preventing adverseenvironmental impacts.

ɺ



É Definition of Biological agent
     

A microorganism, virus, biological toxin, particle or otherwise infectious material, either naturally occurring or 
genetically modified, which may have the potential to cause infection, allergy, toxicity or otherwise create a 
hazard to humans, animals, or plants.

ɹ ɹ ɹ ɹ
ɹ ɹ ɺ

É The following are all classified as biological agents:
     
Å Pathogenic Microorganisms

             
Å Biological toxins

            
Å Recombinant DNA molecules

            

Introduction to Biological agent



What are Pathogenic Microorganisms ?

É Definition of Pathogenic Microorganisms
     

Pathogenic microorganisms are disease- causing microbes that infect humans, animals or plants.
ɹ ɺ

É Classification of Pathogenic Microorganisms
     

Å Virus: Contain proteins, lipids and nucleic acids. Virioids consistof only nucleic acid. Theseorganismscharacteristically
disassembleafter cell entry and then assembletheir progeny during replication.

ɹ ɺ
ɺ

Å Prion: Consistof only a single protein. The infectious form is transmissibleasspongiform encephalopathy.
ɺ ɺ

Å Bacteria: Including archaea and eubacteria. Unlike eukaryotes, the DNA genomes of prokaryotes are not separated
from the cell by a membrane. Unlike viruses,they remain enclosedwithin their own cell envelope throughout their life
cycle.

- Archaea Eubacteria ɺ
DNA ɺ / ɺ

Å Eukaryotes: Including fungi and protozoa. Theseorganismshave subcellularcompartments, including the nucleus.
ɺ ɺ



Introduction to Viruses

É Classification of Virus
     

Virusesare classifiedbased on the type (DNA or RNA)and nature
(single- stranded or double- stranded, segmented or
nonsegmented) of genetic material, and structural features (size,
symmetry and presenceor absenceof a lipid envelope).

(DNA RNA) ( / ɹ
/ ) ( ɹ )

ɺ

In virological disinfection taxonomy, viruses are categorized as
enveloped viruses and non- enveloped viruses.Enveloped viruses
and non- enveloped virusesexhibit different levelsof resistanceto
chemicaldisinfectants,primarily due to their structural differences.
For details, see the section on Decontamination and Waste
Management.

ɺ

ɺ
ɺ

Source: State Key Laboratory of Virology 



Introduction to Viruses

É Modes of Virus Transmission
     

Virus transmissionmay be or . The vast majority of transmissionis horizontal, that is, between individuals within the
population at risk. Modes of horizontal transmission of viruses can be characterized as direct contact, indirect contact, water- borne ,
food- borne , airborne, iatrogenic, arthropod- borne, and soil- borne. Vertical or transplacental transmissionoccurs between the mother
and her fetus or newborn.

ɺ
ɹ ɹ ɹ ɹ ɹ ɹ ɺ

ɺ

Direct contact transmission involves pathogen transfer through physical
interaction between an infected person/animal and a susceptible host
without intermediary agents; representative scenariosencompasskissing
and animal bites.

ɹ ɺ

Indirect contact transmission arisesvia exposureof a susceptiblehost to
fomites contaminated by infectious bodily substances,exemplified by
improperly disinfected medical instruments.

ɹ ɺ

Source: Leung NHL. Transmissibilityand transmissionof
respiratoryviruses. Nat RevMicrobiol. 2021 Aug



Introduction to Prions

É What pathological effects do prions cause ?
     
Å Cause a group of animal and human fatal neurological diseases, e.g. Scrapie (sheep); Bovine Spongiform Encephalopathy 

- Jakob Disease, Kuru (humans)

ɹ
Å Result in devastating degeneration of the CNS without inflammatory or other immune responses

, 
Å Could be genetic, infectious or sporadic

É What is Prion ?
     
Å Prions are protein molecules

Å Prion disease is caused by a modified isoform of a pathogenic prion

Å Some non- pathogenic prions are found to be essential to learning and memory

Å - helix 
- sheet)

- -



É Prion Protein Conversion

Å A is the normal cellular prion protein with 4 -
helix regions

A
4 -

Å B is the infectious form of the protein with 2 of the
- helix converted to - sheet (colored red and

green)
B

4 - 2 -

Introduction to Prions

Source: Prusiner, S.B.(Ed) 1999. Prion Biology and Diseases. Cold Spring Harbor Laboratory Press.



É The converted prion protein has profoundly different physicochemical properties from the normal form, and 
cause devastating neurodegeneration

É The converted prion protein acts as a template to refold other normal prion proteins into the disease form 

, 

É Prion Infection Routes ?
     
Å Consumption of organs (especially brain) and meat of infected animals

Å Subsequently data indicated bloodborne transmission

Å Bloodborne transmission risk appears to be related to stage of disease of donor, later the stage, higher 
the risk

Introduction to Prions



Introduction to Bacterias

É Classification of Bacteria
     

The main groups of bacteria are mostly distinguished by microscopic observation of their morphology and
staining reactions. The Gram- staining procedure, which reflects fundamental differences in cell wall
structure, separates most bacteria into two great divisions: Gram- positive bacteria and Gram- negative
bacteria.

ɺ

In clinical medicine, distinct antibiotic classesare required to treat infections caused by Gram- negative
versusGram- positive bacteria due to their differing pathogenic mechanisms. Bacillusspecies classifiedas
Gram- positive bacterias are capable of forming bacterial endospores with multilayered protective
membranes.

ɺ ɺ



Introduction to Bacterias

É What are bacterial endospores?
     

Bacterialendosporesare highly resistant,dormant structures(i.e. no metabolic
activity) formed in responseto adverseenvironmental conditions.

ɺ

Bacterialendospores,possessingan intrinsically low moisture content, exhibit
exceptional resistance to lethal conditions including elevated temperatures,
UV radiation, ionizing radiation, and multiple chemical sterilants; these
attributes establishthem as the biological indicators for sterilization validation
protocols utilizing Geobacillus stearothermophilus spores for monitoring
autoclaving efficacy or utilizing employing Bacillusatrophaeus spores in dry
heat sterilization verification.

ɹ
ɺ

ɺ



Introduction to Fungi and Protozoa

É Introduction to Fungi
     

Fungi are eukaryotic microorganisms that can be easily distinguished from
bacteria and other prokaryotes by their greater size and the presence of
organelles,including nuclei, vacuoles,and mitochondria.

ɹ
ɺ

Most fungi exist in one of two morphological forms (phenotypes): yeaststhat
normally grow as single cells, or moulds (filamentous fungi) that consist of
apically growing, tandemly attached cells arranged in long branching
filaments (hyphae).

ɺ

In contrast to yeast,moulds form copious spores(i.e., conidia) on the surfaces
of their filaments that can easily dislodge and become airborne (i.e., readily
aerosolizedmaterial).

ɺ



Introduction to Fungi and Protozoa

É Introduction to Protozoa
     

Protozoa are microscopic, unicellular, animal- like eukaryotes. According to the earlier
classificationsystem for biological organisms, they constitute a part of the Kingdom
Protista.

ɹ ɹ ɺ
Protista ɺ

Protozoa are spherical, oval, elongated, or flattened organisms (mostly of <50
range 1 150 in size) that possesswhip- like flagella (so- called flagellates such as
Leishmania, Trypanosoma, Giardia, Dientamoeba, and Trichomonas), finger- like
pseudopodia (so- called amoebae such as Naegleria, Acanthamoeba,Balamuthia,and
Entamoeba),or hair- like cilia (so- called ciliates such as Balantidium) for mobility and
also for mechanicalbreaching of host physicalbarriersand intrusion into host cells.

ɹ ɹ 50
1- 150 Leishmaniaɹ
Trypanosomaɹ Giardiaɹ Dientamoeba

Trichomonas ɹ Naegleriaɹ
Acanthamoebaɹ Balamuthia Entamoeba

Balantidium ɺ
ɺ



É Introduction to Protozoa
     

Pathophysiologies of protozoan infections are
dependent on the types of clinical diseasesinduced,
ranging from gastroenteritis, meningoencephalitis,
myocarditis,anemia,to cutaneous,mucocutaneous,or
visceralinfections.

ɹ ɹ
ɹ ɹ ɺ

The severity of protozoan diseases is no doubt
impacted by host (e.g., innate and adaptive immune
responses,genetic susceptibility, immune status, age,
and gender), parasite (e.g., strain virulence), and
environmental factors.

ɹ ɹ ɹ
ɹ ɺ

Introduction to Fungi and Protozoa

Dominant disease Protozoan species

Gastroenteritis

Giardia duodenalis

Cryptosporidium

Balantidium coli

Meningoencephalitis

Trypanosoma brucei

Acanthamoeba

Myocarditis

Trypanosoma cruzi

Toxoplasma gondii

Anemia

Babesia microti

Plasmodium

Cutaneous, mucocutaneous or 
visceral infections
ɹ

Leishmania

Trichomonas vaginalis



Classification of Pathogenic Microorganisms

É Many agencies classify microorganisms according to their degree of hazard :

Å US Centers for Disease Control and Prevention (CDC)
CDC

Å US National Institute of Health (NIH)
NIH

Å Health Canada

É Usually four classes/risk groups ranking from low to high hazard

É All lists use similar criteria but there are minor differences in classification

É Primarily based on human pathogenicity

É The lists are dynamic in nature



Classification of Pathogenic Microorganisms in China

As stipulated in the Biosecurity Law of the People's Republic of China and the Regulations on Biosafety Management of Pathogenic Microorganism
Laboratories, the National Health Commissionhas formulated and issuedThe Pathogen Microogranisms List for Human Infectious Diseases. This list classifies
pathogenic microorganisms into four distinct risk categories. Microorganisms categorized under Class1 and 2 pathogen lists qualify as high- consequence
pathogenic microorganisms.

ʁ ʂ ʁ ʂ ʁ ʂ
ɺ ɹ ɺ

Basis for the Classification of Pathogenic Microorganisms by Risk Group

Class 1
Pathogenic microorganisms capable of inducing critically severe diseases in humans or animalsencompass both those unidentified within 
China's sovereign territory and strains formally certified as eradicated under biosafety protocols

Class 2
Pathogenic microorganisms that cause serious diseases in humans/animalswith demonstrated human- to- human, animal- to- human, or 
animal- to- animal transmission potential, exhibiting relatively high direct/indirect transmissibility

ɹ ɹ

Class 3

Pathogenic microorganisms associated with human/animal diseasethat demonstrate low public health risks, typically posing no critical 
hazards to humans, animals or the environment, exhibiting limited transmission potential, rarely causing severe illness upon laboratory 
exposure, with established medical countermeasures including effective therapeutics and prophylactic protocols

ɹ

Class 4 Microorganisms universally recognized as non- pathogenic to humans and animalsunder standard conditions



What are Biological toxins ?

É Definition of Biological toxins
     

Biotoxins,defined asnaturally occurring toxic substancesproduced by living organisms(animals,plants,microorganisms),
exhibit extraordinary chemicaldiversity spanning nearly all compound classes. Thesecomplex bioactive agents modulate
human physiological functions through dual characteristics: exerting both toxicological and pharmacological effects.
Consequently,they serveas critical tool compounds in physiological researchwhile simultaneouslyconstituting essential
therapeutic agents in clinicalmedicine.

ɹ ɺ
ɺ

ɺ

É Classification of Biological toxins

Å Bacterialtoxins (botulinum toxin, tetanus toxin)
ɹ

Å Fungal toxins (aflatoxin)

Å Algal toxins (saxitoxin)

Å Animal toxins (snakevenom)



Introduction to Recombinant DNA Molecules
DNA

É When do recombinant DNAs become biosafety risks?
DNA

Å Genesencoding biological toxins

Å Genesrelated to virulenceof pathogens

Å Oncogenesand other genetic materials that may create adverse
health effects

Å Promoters and other constructs that lead to over- expression
and abnormal secretion,etc

/

Å Vectors that infect animalsand humans

Å Transgenicorganismsin the environment (transgeniccrops)
/



How does Laboratory - Acquired Infection occur ?

É Four Exposure Routes of Laboratory - Acquired Infections
     

Å Ƙ Skin or mucosal membrane exposure: In biological laboratories,personnel are exposedthrough direct contact of
the skin or mucosal membranes with spills, splashes,or contaminated surfaces, and common causes include the
following: not wearing or improperly wearing protective equipment, improper handling resulting in contamination of
gloves and their contact with mucosal membranes,unclear regulations regarding which equipment may or may not
be touched with gloves.
Ƙ ɹ

ɺ
ɹ / ɺ

Å ƙ Inoculation : Inoculated infections include blood- borne pathogen infections due to puncture wounds from sharp
instrumentsand animal scratches. Sharpscontaminated with blood containing high concentrationsof pathogens were
the most harmful of the various occupational exposures,and exposure to 0.004 mL could result in infection. In
addition to unavoidable errors, improper handling of contaminated sharpswaste,such asneedles,syringes,blades,or
glasscan also result in wounds.
ƙ ,

0.004 mL ɺ ,
ɹ ɹ ɺ



How does Laboratory - Acquired Infection occur ?

É Four Exposure Routes of Laboratory - Acquired Infections

Å ƚ Ingestion : In the laboratory, snackingand oral pipetting are strictly prohibited. Pipetteslargely eliminate the risk of
ingestion. Ingestion infections causedby oral contact with contaminated hands or materials are mainly due to a lack
of awarenessabout protective measures,bad habits of the laboratory personnel, failure to wear protective masks
correctly,or inadequate cleaning.
ƚ

ɺ ɹ
ɺ

Å ƛ Inhalation : Pathogenscan remain airborne for a long time and spread through the air, and many unrecognized
causesof Laboratory- Acquired Infection are caused by aerosol inhalation. Surveyshave shown that it may lead to
35%65%of cases,mostly becauseexperimentersdo not follow required biosafety protection measures.
ƛ

ɺ 35%65%
ɺ



How does Laboratory - Acquired Infection occur ?

Possible Exposure Routes of Laboratory-
Acquired Infections

Common causes

Skin or mucosal Membrane exposure

Droplet splashing Contaminated gloves, lab coats touching

Improper wearing of protective equipment Unclear regulations

Inoculation

Personnel Improper Operations Animal bites/scratches
/

Improper disposal of contaminated sharps waste Inadequate protection

Ingestion

Smoking, eating Hand- mouth contact caused by bad habits

Irregular operations, such as oral pipetting Not wearing a respiratory protective equipment

Inhalation

Aerosol- generating operations Laboratory environmental pollution

Failure to take protective measures, such as not operating at BSC Unknown reasons

Reference: Risk and countermeasure of laboratory- acquired infection based on pathogen transmission routes,Biosafety and Health,Volume 5, Issue 3,2023



How does Laboratory - Acquired Infection occur ?

Reference: A guide for the practical implementation of the WHO Laboratory Biosafety Manual (Fourth Edition)

Examples and possible route of transmission of pathogens associated with different specimen types

Possible pathogen route of transmission Specimen type Example

Via skin contact (Skin or mucosal Membrane exposure)

Faeces, urine, biological and environmental swabs, food samples, 
tissue/cell culture, tissue from biopsy, research animals, injury-
prone rusty tools
ɹ ɹ ɹ ɹ / ɹ
ɹ ɹ

Herpes simplex virus, Treponema pallidum, Staphylococcus aureus, 
Clostridium tetani

ɹ ɹ ɹ

Blood- borne (inoculation)

Whole blood, serum, plasma, tissue/cell culture, research animal, 
sputum,respiratory lavage, endotracheal aspirate, faeces, urine, 
biological swab, tissue from biopsy
ɹ ɹ ɹ / ɹ ɹ ɹ
ɹ ɹ ɹ ɹ ɹ

HIV, hepatitis B virus, hepatitis C virus, Plasmodium falciparum, rabies virus, 
Klebsiella spp.

ɹ ɹ ɹ ɹ ɹ

Via faecal- oral (ingestion)
-

Faeces, urine, respiratory lavage, endotracheal aspirate, spinal 
fluid,environmental swab, food samples, research animals, tissue/ 
cell culture, tissue from biopsy
ɹ ɹ ɹ ɹ ɹ ɹ
ɹ ɹ / ɹ

Escherichia coli, Bacillus anthracis, Bacillus cereus, Brucella melitensis, 
Campylobacter jejuni, Salmonella spp., Shigella spp., Vibrio cholerae

ɹ ɹ ɹ ɹ ɹ
ɹ ɹ

Via droplets or aerosols (inhalation, intranasal)

Respiratory lavage, endotracheal aspirate, faeces, biological and 
environmental swabs, research animals, tissue/cell culture, tissue 
from biopsy

ɹ ɹ ɹ ɹ ɹ
/ ɹ

Bacillus anthracis, Bordetella pertussis, Chlamydia pneumoniae, 
Corynebacterium diphtheriae, Coxiella burnetii, Haemophillus influenzae, 
Klebsiella spp., Mycobacterium tuberculosis and bovis, Histoplasma 
capsulatum, Streptococcus pneumoniae, respiratory syncytial virus, 
adenovirus, influenzas, rhinoviruses, coronaviruses, measles virus, human 
parainfluenza viruses

ɹ ɹ ɹ ɹ Q
ɹ ɹ ɹ ɹ

ɹ ɹ ɹ ɹ ɹ ɹ
ɹ ɹ



What is Aerosol?

É Definition of Aerosol
     

Biological materials suspended in air, which may be hazardous to human health.

Generated by various processes, animals and humans

Range in size -
0.5

É Nature of Aerosols Found in Indoor Environment
     

Å Dirt and debris
             

Å Respiratory pathogens
            

Å Skin flakes
            

Å Dust mite and insect parts and excreta
            ɹ

Å Animal shedding and excreta
            

Å Fungal spores & hyphae
            



É Potential Hazards of Aerosols
     

Respiratory distress

Microbial infection

Allergic reaction

Respiratory sensitization

Toxicological reaction

É Particle Deposition in Human Airway
     

Å - removed in nasal passage
             -

Å 5 - - deposit in upper respiratory tract
            5 - -

Å - deposit in deeper region in lung
            -

What is Aerosol?

A schematic representation of composition, dispersion, and
health risksof bioaerosols

ɹ



Å Respiratory route estimated to accountfor 35- 65% of all occupational infection cases
     35 65%
Å When things are airborne they spread easily and are difficult to contain
     
Å We can stop eating and drinking, but not breathing
     

Why should we care more about bioaerosol transmission ? 

Å Blending
             

Å Centrifugation
            

Å Pipetting
            

Å Opening screw cap containers
            

Å Withdrawing material from vacuum bottles
            

Å Streaking with wire loop
            

Å Lyophilization procedures
            

Å Flow cytometer operations
            

Å Improper use of biosafety cabinets
            

É Many Laboratory Operations Generate Aerosols



What strategies can be implemented to control biosafety risks ?

Å There are a number of different strategies that may be used to reduce and control risks. Often, more than one risk 
control strategy may need to be applied in order to reduce the risks effectively. 

     ɺ

É Elimination
     

refers to eliminate the hazard,suchas:

Å Usean inactivated biological agent

Å Usea harmlesssurrogate

É Reduction

refers to reduce the risk,suchas:

Å Substitute with an attenuated or lessinfectious biological agent

Å Reducethe volume/titre being used
/

Å Changethe procedure for one that is lesshazardous,suchaspolymerasechain reaction rather than culture
PCR



What strategies can be implemented to control biosafety risks ?

É Engineering Controls
     

Isolate or reduce the risk through engineered measuressuch as modifying equipment or workspaces,implementing
protective barriers,and installing ventilation systems,suchas:

ɹ ɹ
Å Isolatebiological agents within a primary containment device

Å Biological SafetyCabinets(BSCs)

Å Specialventilation, e.g. pressureregime, air locks,HEPAfiltered air exhaust
ɹ ɹHEPA

Å Specialdrainage,e.g. holding tanks

Å Wastedisinfection facilities

Å UV lamp

Å Engineering control strategies represent the most effective and prioritizedapproach in risk management hierarchies.
     ɹ ɺ



What strategies can be implemented to control biosafety risks ?

É Administrative Controls
     

Haveadministrativecontrols and effective biosafety programme management in place,suchas:

Å A comprehensivebiosafety management systemhasbeen institutionalized

Å Good Microbiological Practiceand Procedure(GMPP)observedby personnel
GMPP

Å Good communication of hazards,risksand risk control measures

Å Appropriate training

Å ClearSOPs
SOP

Å An establishedsafetyculture

Å The effectiveness of administrative controls is directly proportional to procedural adherence.
     ɺ



What strategies can be implemented to control biosafety risks ?

É Personal Protective Equipment (PPE)
PPE

A collection of wearable gear/clothing donned by personnel, providing an added barrier between usersand processed
biological agents,suchas:

/
Å Hand protection-- gloves

Å Eye/faceprotection-- goggles, face shields
/ ɹ

Å Respiratoryprotection

Å Body protection-- lab coats

Å Personal protective equipment (PPE) serves asthe last line of defenseand may be employed foradditional protection.
     PPE ɺ



Introduction to Biosafety Level

Å The globally recognized biosafety level (BSL) classification system was
establishedby USCDCand NIH.

(CDC)
(NIH) ɺ

Å Laboratories conducting in vitro work are classified by biosafety levels
designatedasBSL- 1, BSL- 2, BSL- 3 and BSL- 4 (BiosafetyLevel).

BSL- 1ɹBSL- 2ɹBSL- 3ɹBSL- 4 Biosafetylevel, BSL

Å Facilities performing live animal manipulation adopt corresponding
classificationslabeled as ABSL- 1, ABSL- 2, ABSL- 3 and ABSL- 4 (Animal Biosafety
Level).

ABSL- 1ɹABSL- 2ɹABSL- 3ɹABSL- 4 Animal Biosafety level, ABSL

Å Eachlevel builds on the previous level.

Å Laboratory requirements for facility engineering controls, personnel protective
equipment (PPE),and procedural protocols are incrementally enhanced with
ascendingbiosafety levels.

ɹ
ɺ

BSL- 1

BSL- 2

BSL- 3

BSL- 4

High Risk

Low Risk



Introduction to Biosafety Level

Å In China,Higher- risk lab procedures including virus culture, live bacterium handling, or animal inoculations generally demand an inverse
relationship between pathogen risk classand biosafety level: Most of the Class1 pathogens mandate maximum- containment facilities
(BSL- 4/ABSL- 4); most of the Class2 pathogens require high- containment labs (BSL- 3/ABSL- 3).

ɹ
BSL/ABSL- 4

BSL/ABSL- 3ɺ

Å The required biosafety level (BSL) for working with pathogenic microorganisms can be determined by consultingthe Pathogen 
Microogranisms List for Human Infectious Diseases.

     ʁ ʂ ɺ



Introduction to Biological Safety Cabinet

É What is a Biological Safety Cabinet (BSC) ?
     BSC

A Biological Safety Cabinet (BSC)is basically a leak tight box containing HEPAFilters and a motor/blower system to
provide controlled air movement through the box and filters. A BSCprovides an enclosed, ventilated workspace that
servesas a primary containment device in laboratories. The BSCprotects personnel, the laboratory environment, and/or
experimental materials from exposure to infectious aerosols and splashes generated during procedures involving
biohazardousagents

BSC HEPA /
ɺBSC ɹ ɺBSC

ɹ / ɺ

BSCis the most commonly used primary containment device, and three different classesof BSCexist. Thesecabinets
differ by the type and level of protection their directional airflow provides for laboratory personnel (deviceoperators), the
environment and/or the work materials inside and whether external fans and ductwork are required for proper operation
of the primary containment device.

ɹ / ɺ



É What is a HEPA filter ?
     HEPA

A throw- away extended/pleated medium dry- type
filter with:
HEPA /

Å Rigid casing enclosing the full depth of the
pleats

Å Through the combination of the filtering
mechanisms, HEPA filters are capable of
capturing small particles that passthrough them,
including biological agents.

HEPA
ɺ

Introduction to Biological Safety Cabinet

HEPA



É Particulate capture mechanisms of HEPA filter
     HEPA

Å Inertial impaction : as large particles flow through the air towards the fibres, their sizeprohibits them from effectively
adjusting to the altered airflow around the fibre, causingthem to impact the fibre directly.

ɺ

Å Interception : smaller particles flow lessthan one- particle diameter away from the fibres, close enough to touch and
adhere to them.

ɺ

Å Diffusion : collision, especiallyof the smallestparticlesbeing filtered, occurswith other air/gas molecules,altering the
path of motion of the particle. This diffusion of energy between particles impedes and delays their path through the
filter and increasesthe probability that they will be stopped either by interception or impaction.

/
ɺ

Introduction to Biological Safety Cabinet

Å Most HEPA filters have a filtering efficiency of more than 99.97%for particles of 0.3 m in diameter, the most penetrating 
particle size. Particles with a lower or higher diameter will be removed with a higher efficiency.

HEPA 0.3 m 99.97%
ɺ



Introduction to Biological Safety Cabinet

É Class I BSCs
     I 

Open- fronted enclosures that draw an
inward airflow across the work surface
through the front opening. The air passes
upwards through a high efficiency
particulate air (HEPA) filter before being
exhausted. They provide personnel and
environmental protection, but do not offer
product protection for materials located in
the work area.
I

ɺ
HEPA ɺ

BSC
ɺ

HEPA

HEPA

HEPA



Introduction to Biological Safety Cabinet

É Class II BSCs
     II 

The ClassII BSCis designed to provide personnel and environmental protection as well as protection for work surface
materialsfrom potentially contaminated room air. Theairflows inside ClassII BSCsare considerablymore complex than in
other BSCclassesbecauseof the addition of airflows designed to provide product protection. HEPAfiltered air is driven
as a downward airflow from the top of the cabinet onto the work surface. This is in addition to the inward flow of air at
the front opening, which provides operator protection in a similar way to ClassI BSCs. Thissystemoften involvespartial
recirculation of air within the cabinet; filtered air is divided between an exhaustand the downward flow mechanism.
II BSC ɺ

II BSC BSC ɺ HEPA
I BSC ɺ
ɺ

According to Biological SafetyCabinets(GB41918), ClassII BSCsare categorized into four types A1, A2, B1 and B2
basedon the percentage of exhaustair relative to total systemairflow and their internal design configurations. Biological
SafetyCabinets (GB41918) states that ClassII cabinets should be designed to have all biologically contaminated ducts
and plenums under negative pressureor surrounded by negative pressureducts and plenums.

ʁ ʂ GB41918 BSC II BSC
A1ɹA2ɹB1ɹB2ɺʁ ʂ GB 41918

ɺ



Introduction to Biological Safety Cabinet

É Class II A1 BSCs
     II A1

Class II type A1 cabinets are no longer widely
used, in part due to the lower inward airflow
requirements and, more importantly, because
older models do not meet the negative pressure
design requirements outlined earlier.
II A1

ɺ
ɺ

Class II type A1 BSCs shall not be used for
conducting microorganisms experiments
involving microscale volatile toxic chemicals or
trace radionuclidesasadjuncts.

A1
ɺ

A B C HEPA D
E HEPA F



Introduction to Biological Safety Cabinet

É Class II A2 BSCs
     II A2

Class II type A2 BSCsare the most widely used
Class II BSCs globally because their use of a
negative- pressure plenum on the exterior of the
BSCacts an additional safety feature. Figure right
illustrates the operational principles of a ClassII A2
BSC.
II A2 II

ɺ II A2
ɺ

When performing microbiological procedures
involving trace volatile toxic chemicals or
radionuclides as ancillary agents, ClassII A2 BSCs
must be ducted to an appropriately engineered
exhaustsystem.

A2

ɺ

HEPA

HEPA

30%
HEPA

70%

HEPA



Introduction to Biological Safety Cabinet

É Class II B1 BSCs
     II B1

ClassII type B1 BSCsuse a primarily single- passairflow
whereby air removed from the workspaceis not mixed
and recirculated as downward airflow. The proportion
of air recirculated in type B1 cabinets varies between
models but is typically lessthan 50%.
II B1

ɺB1
50%ɺ

ClassII, Type B1 BSCsmay be used for microorganisms
experimentswith microscalevolatile toxic chemicalsor
trace radionuclides as adjuncts, provided these
substancesdo not interfere with operations through air
recirculation or if the work is conducted within their
direct exhaustarea.

BSC II B1
BSC

ɺ

A B C HEPA D HEPA
E F G HEPA



Introduction to Biological Safety Cabinet

É Class II B2 BSCs
     II B2

Class II type B2 BSCsemploy total single- pass
airflow; consequently, inflow and downflow air
within these cabinets pass through HEPAfilters
and are exhaustedvia a hard- ducted system to
the atmosphere. This air shall not return to the
interior of the BSCor re- enter the laboratory.
II B2

BSC HEPA filter
BSC

ɺ

Class II type B2 BSCs are suitable for
microorganisms experiments involving volatile
toxic chemicalsor radionuclidesasadjuncts.
II B2

ɺ



Introduction to Biological Safety Cabinet

É Class III BSCs
     III 

The ClassIII BSCis designed to provide the highest
level of protection to personnel. Thesecabinets are
leak- proof and will be stringently tested to check
leakage rates for the completed system at
commissioningand installation.
III BSC ɺ

ɺ

The Class III BSC provides complete separation
between the material being handled and the
operator, laboratory and surrounding environment.
The only potential for breach of containment is
through damage to the integrated gloves or
through the movement of materials in and out of
the cabinet.

ɹ
ɺ

ɺ

HEPA
ɺ

ɺ

HEPA

HEPA



Characteristics of different biological safety cabinets

BSC Type
Minimum Average Inflow 

Velocity (m/s) 
m/s

Recirculated Air (%)
%

Exhaust Air (%)
%

Indications for the use of toxic chemicals and radio -
nuclides

Class I BSC
I

0.20 - 0.50 m/s (EN 
12469:2000)

0 100

Can be used to handle small amount of radionuclides and toxic chemicals

Provide personnel and environmental protection, but do not offer product 
protection for materials located in the work area

Class II type A1 BSC
II A1

0.40m/s (GB 41918- 2022) 70 30
Work does not include toxic chemicals or radionuclides

Class II type A2 BSC
II A2

0.50m/s (GB 41918- 2022) Ɔ Ɔ
Must be ducted to an appropriately engineered exhaust system

Class II type B1 BSC
II B1

0.50m/s (GB 41918- 2022) 50 50

Can be used to handle small amount of radionuclides and toxic chemicals

provided these substances do not interfere with operations through air 
recirculation or if the work is conducted within their direct exhaust area

BSC

Class II type B2 BSC
II B2

0.50m/s (GB 41918- 2022) 0 100

Can be used to handle small amount of radionuclides and toxic chemicals

Not suitable for dusty environment

Class III BSC
III

NA
0 100

Can be used to handle small amount of radionuclides and toxic chemicals



Introduction to Biological Safety Cabinet

É BSCs Need Periodic Testing
     

Å Annual testing (GB41918- 2022)

a. Appearance

b. Integrity of HEPAfilters

c. Downdraft flow rate

d. Flowrate of inflow air

e. Air flow pattern

Å Testsalso required after eachrelocation or filter change

Å Fumigation to decontaminate unit before servicingor filter change

HEPA filters integrity test
HEPA



Good Microbiological Practice and Procedure

É What is a Good Microbiological Practice and Procedure (GMMP) ?
     GMPP

GMPPis a term given to a set of standard operating practicesand procedures,or a code of practice, that is applicable
to all types of activities with biological agents. This includes both general behaviours, best working practice and
technical procedures that should alwaysbe observed in the laboratory and conducted in a standardizedway.
GMPP ɹ

GMPP ɺ

The implementation of standardizedGMPPservesto protect laboratory personnel and the community from infection,
prevent contamination of the environment, and provide product protection for the work with the biological agents in
use.

GMPP
ɺ

Å GMPP are the most essential risk control measuresbecause human error, suboptimallaboratory techniques 
and improper use of equipment have been found to cause themost laboratory injuries and laboratory-
associated infections.

GMPP ɹ
ɺ



GMPP -- Best pratice
GMPP 

É Best practice describes behaviours that are essential to facilitate safe work practices and
control biological risks. Examplesof laboratory best practice are outlined below .

ɼ

Never store food or drink or personal items in the laboratory. Eating, drinking, chewing gum,
smoking, mobile phone use, putting on contact lenses or applying cosmetics are strictly
forbidden in the laboratory.

ɹ ɺ ɹ ɹ
ɺ

Never put anything in your mouth while inside the laboratory.
ɺ

Thoroughly wash your hands (if water and soap are not available,use a hand sanitizer with at
least 60%alcohol content), after handling any biological material, before leaving the laboratory or
any time contamination is known or suspectedon your hands.

/
ɺ

Ensurethat open flamesor heat sourcesare never placed near flammable suppliesand are never
left unattended.

ɺ



GMPP -- Best pratice
GMPP 

É Best practice (Continue)

Ensurethat waterproof coveringsare placed over any cuts or broken skin prior to entering the laboratory.
ɺ

Ensurethat supplies of laboratory equipment and consumables,including reagents,PPEand disinfectants,are sufficient and appropriate
for the activitiesbeing performed.

ɹ ɺ

Ensure that supplies are stored appropriately (according to storage instructions) and safely to reduce the chance of accidents and
incidents suchasspills,trips or falls.

ɹ ɺ

Ensureproper labelling of all biological agents,chemicaland radioactivematerials.
ɹ ɺ

Avoid removing documents from the laboratory to other areas. If unavoidable,written documents can be protected from contamination
using barriers(suchasplastic coverings),so that they can be cleanedand decontaminated before being removed from the laboratory.

ɺ
ɺ



GMPP -- Best pratice
GMPP 

É Best practice (Continue)

Ensurethat work is performed with care,in a timely manner and without rushing. Working when fatigued should be avoided.
ɺ ɺ

Keepthe work area tidy, cleanand free of clutter.
ɹ ɺ

Prohibit the use of earphones,which can distract personneland prevent equipment or facility alarmsfrom being heard.
ɺ

Cover or remove any jewellery, which could tear gloves, easily become contaminated or act as a fomite. Items that cannot be removed,
suchasglasses,should be decontaminated at the end of eachactivity and before leaving the laboratory.

ɹ ɺ ɺ

Keep mobile electronic devicesin areaswhere they cannot easilybecome contaminated or act as fomites. Refrain from using them when
not specificallyrequired. Where usage is unavoidable,ensure that they are either protected by a physicalbarrier or decontaminated before
leaving the laboratory.

ɺ
ɺ

Know where the fire extinguishers, fire exits, emergency meeting point, spill kits, first aid kits, emergency eye wash and drenches are
located.

ɹ ɹ ɹ ɹ ɹ ɺ



GMPP -- Best pratice
GMPP 

É Best practice (Continue)

Keepaccessto emergencyequipment clearso that they can be easilyused in caseof an emergency
ɺ

Periodicallycheck fire expiry date, and that heat and smokedetection and fire suppressionequipment are working properly.
/ ɺ

Conduct a fire drill for the premises,at least annually. Ensurethat all laboratory personnel are aware of the rules around fire safety and
know how to properly use fire suppressionequipment.

ɺ ɺ

Testeye washstations and emergencyshowersat least once a week to ensure that they are working properly and water is clean,if needed,
in an emergency. Eachtest should be documented.

ɺ

Conduct medical monitoring on laboratory personnel to evaluate any adverse health effect, any pre- existing or newly acquired medical
condition and any required vaccination.

ɹ / ɺ



GMPP -- Best pratice
GMPP 



GMPP -- Technical procedures
GMPP 

Technical procedures are a special subset of GMPP which relate directly to controlling risks through safe conduct of laboratory 
techniques. These technical procedures,when executed correctly, allow work to be performed in a manner that minimizes the 
likelihood of cross contamination(that is contamination of other specimens, or previously sterile substances or objects as well as 
surface contamination) and also help prevent exposure of the laboratory personnel to biological agents.

GMPP ɺ
ɹ / ɺ

É Avoiding inhalation of biological agents

Use good techniques to minimize the formation of aerosolsand droplets when manipulating specimens. This includes refraining
from forcibly expelling substancesfrom pipette tips into liquids, over- vigorous mixing, and carelesslyflipping open tubes. Where
pipette tips are used for mixing, this must be done slowly and with care. Brief centrifuging of mixed tubes before opening can
help move any liquid awayfrom the cap.

ɺ ɹ
ɺ ɺ

ɺ

Avoid introducing loops or similar instruments directly into an open heat source(flame)as this can cause spatter of infectious
material. Where possible, use disposable transfer loops, which do not need to be resterilized. Alternatively, an enclosed electric
microincinerator to sterilizemetal transfer loops can also be effective.

ɺ
ɺ ɺ



GMPP -- Technical procedures
GMPP 

É Avoiding ingestion of biological agents and contact with skin and eyes

Wear disposable gloves at all times when handling specimens known or reasonably expected to
contain biological agents. Disposableglovesmust not be reused.

ɺ ɺ

Avoid contact of gloved hands with the face.
ɺ

Removeglovesasepticallyafter use and washhands.
ɺ

Shieldor otherwise protect the mouth, eyesand face during any operation where splashesmay occur,
suchasduring the mixing of disinfectant solutions.

ɹ ɺ

Securehair to prevent contamination.
ɺ

Coverany broken skin with a suitable dressing.
ɺ

Prohibit pipetting by mouth.
ɺ



GMPP -- Technical procedures
GMPP 

É Avoiding injection of biological agents

Whereverpossible,replaceany glasswarewith plastic- ware.
ɺ

If required, use scissorswith blunt or rounded ends rather than pointed ends
ɺ

If glasswaremust be used,check it on a regular basisfor integrity and discard it if anything is broken, crackedor chipped.
ɹ ɺ

Useampoule openers for safehandling of ampoules.
ɺ

Ampoule opener use scissors with blunt



GMPP -- Technical procedures
GMPP 

É Avoiding injection of biological agents (Continue)

Minimize the risk associatedwith the use of syringesor needles by using blunt
syringe needles, alternative devices or engineered sharp safety devices where
possible. However,be aware that sharp safety devicesalso pose a risk when not
handled properly.

ɹ
ɺ ɺ

Never use syringeswith needlesasan alternative to pipetting devices.
ɺ

Aviod recapping, cliping or removing needles from disposable syringes. If
recapped,use the one- hand technique.

ɹ ɺ ɺ

Dispose of any sharps materials (for example, needles, needles combined with
syringes,blades, glass slide) in puncture- proof or puncture- resistant containers
fitted with sealedcovers. Disposalcontainersmust be puncture- proof/ - resistant,
must not be filled to capacity(three- quarters full at most), must be never reused.

ɹ ɹ ɹ
ɺ /
ɺ

One-

Never recap needles using both hands



GMPP -- Technical procedures
GMPP 

É Preventing dispersal of biological agents

Discard specimensand cultures for disposal in leak- proof containers with tops appropriately securedbefore disposal in dedicated
wastecontainers.

ɺ

Placewastecontainers,preferably unbreakable(suchasplastic,metal), at everyworkstation.
ɹ ɺ

Ensureall wasteis properly labelled.
ɺ

Ensureall wasteis properly labelled.
ɺ

Consideropening tubes with disinfectant- soakedpad/gauze.
/ ɺ

Decontaminatework surfaceswith a suitable disinfectant if any material is spilled.
ɺ

When disinfectants are used, ensure the disinfectant is active against the agents being handled and is left in contact with waste
materialsfor the appropriate time, according to the disinfectant being used.

ɺ



GMPP -- BSCs
GMPP 

É Preparing for Work in a BSC

1. Put on peersonalprotective equipments (PPE)according to your laboratory StandardOperating Procedure(SOP).
SOP PPE ɺ

2. Turn UV light OFF(if used).
ɺ

3. Turn fluorescent light ON.
ɺ

4. Turn the cabinet ON, allow it to run for 5 minutes (or recommended time) to purge the BSCof particulates.
5 ɺ

5. Verify proper sashheight and that sashalarm is ON.
BSC ɺ

6. Verify drain valveunderneath the cabinet is closed (valvehandle is perpendicular to valvebody).
BSC ɺ

7. Check certification stickerexpiration date is within 1 year.
BSC BSC 1 ɺ

8. Scheduleuninterrupted work time, if possible.
ɺ

9. Decontaminateall surfacesof the cabinet, according to your laboratory SOP.
BSC ɺ



GMPP -- BSCs
GMPP 

É Safety use of a BSC:

Å Apparatus and materials in the BSCmust be kept to a minimum. Air circulation at the rear
plenum must not be blocked.

ɺ

Å All work must be carried out in the middle or rear part of the working surface and be
visible through the viewing panel.

ɺ

Å Trafficbehind the operator should be minimized.
ɺ

Å The operator should not disturb the airflow by repeated removal and reintroduction of his
or her arms.

ɺ

Å Air grills must not be blocked with notes, pipettes or other materials,as this will disrupt
the airflow causingpotential contamination of the material and exposureof the operator.

ɺ

Å One person at a time should work in a BSC.
ɺ

Å TheBSCfan should be run for at least5 min after completion of work in the BSC.
5 ɺ

II (BSC) " "
ɺ

ɹ ɺ



GMPP -- Pipettes
GMPP 

Å To prevent the generation of aerosols,pipettes must not be used to blow air or
forcibly expel liquids/solutions that contain biological agents.

/
ɺ

Å Pipettes and/or the pipette tips should have cotton plugs to reduce
contamination of pipetting devices.

/ ɺ

Å To avoid further dispersionof any biological agents that might be dropped from
a pipette tip, an absorbent material may be placed on the working surfaceand
disposedof as infectious wasteafter use.

ɺ

Å Contaminated pipettes or tips can be completely submerged in a suitable
disinfectant in an unbreakablecontainer.

ɺ

Å Pipette tips are normally autoclaved, but pipettes are unlikely to withstand the
autoclaving process.

ɺ

Check pipette and filter for contamination

Draw up, transfer, and expel the liquid slowly



GMPP -- Centrifuges
GMPP 

Å All centrifuges must be operated and serviced according to
instructions and servicedby appropriately qualified personnel.

ɺ

Å Where safetybucketsare availablefor a centrifuge, these must be used.
ɺ

Å Sealingrings for buckets must be checkedregularly for integrity and replaced if
cracksappear.

ɺ

Å When using centrifuges, the contents of centrifuge tubes must be filled to the
same level and placed in the centrifuge at opposite locations to make sure the
centrifuge is balancedduring operation.

ɺ

Å Centrifuges must be cleaned and disinfected regularly, or immediately
decontaminated after a spill, with an appropriate disinfectant.

ɺ

Å When using angle- head centrifuge rotors, care must be taken to ensure that
the tube is not overloaded as it might leak.

ɺ

Centrifuge Balancing Diagram



GMPP -- Tissue grinders, Homogenizers, Shakers, Blenders and Sonicators
GMPP ɻ ɻ ɻ

É Use of tissue grinders

Å Glassgrinders should be held in absorbent material in a gloved hand. Plastic(PTFE)grinders are safer.
ɺ polytetrafluoroethylene PTFE ɺ

Å Tissuegrinders should be operated and opened in a biological safetycabinet.
ɺ

É Use of homogenizers, shakers,blenders and sonicators
ɻ ɻ

Å Domestic (kitchen)homogenizersshould not be used in laboratories as they may leak or releaseaerosols. Laboratory blenders and stomachersare safer.
ɺ ɺ

Å Pressurebuilds up in the vesselduring the operation of homogenizers,shakersand sonicators. Aerosolscontaining biological agents may escapefrom
between the cap and the vessel. Plastic, in particular, polytetrafluoroethylene (PTFE)vesselsare recommended because glass may break, releasing
biological agents and possiblywounding the operator.

ɹ ɺ
PTFE ɺ

Å At the end of the operation the containersshould be opened in a BSC.
ɺ

Å Caps and cups or bottles should be in good condition and free from flaws or distortion. Caps should be well- fitting and gasketsshould be in good
condition.
ɹ ɺ ɺ



GMPP -- Refrigerators and Freezers
GMPP 

Å Refrigeratorsand freezersmust be spark- proof if they are to
store flammable solutions. Notices to this effect must be
placed on the outside of the doors.

ɺ
ɺ

Å All containers stored inside refrigerators and freezers must
be clearly labelled so that they can be easilyidentified

ɺ

Å Unlabelled materials must be assumed to be infectious and
must be decontaminated and discarded using appropriate
wastechannels.

ɺ



GMPP -- Cryogenic Liquids
GMPP 

Å Appropriate PPEmust be worn when handling specimensfrom cryogenic storage, for
example, thermal protective apron and gloves, as well as face and eye protection
when placing specimensin or removing them from liquid nitrogen.

PPE
ɺ

Å When storing, dispensing, or using cryogenic liquids (such as liquid nitrogen),
operations should be performed in well- ventilated areas. Nearby doors may be left
open during operation.
ɹ

ɺ

Å When retrieving materials from Dewar flasks,never immerse cryogenic gloves in liquid
nitrogen. Toolssuchas tongs may be used to handle items chilled by liquid nitrogen.

ɺ
ɺ

Å When returning materials to Dewar flasks, lower them slowly to minimize violent
boiling and splashing caused by thermal shock. Simultaneously ensure secure
positioning of the metal hook.

ɺ

An acceptableuse of a face shield to 
protect against cryogen splashes

Cryogen gloves



GMPP -- Cryovials
GMPP 

Å Cryovialsshould not be overfilled, as this may increasethe risk of cracking.
ɺ

Å If at all possible,store cryovials in the vapor phase of liquid nitrogen freezers.
Most manufacturersof cryovialsdo not recommend liquid- phasestorage.

Å Usecryovialswith internal threads and male capswhen possible.
ɺ

Å If cryovials are stored in the liquid phase of liquid nitrogen, using cryogenic
heat shrink tubing to fully encasethem is strongly recommended.

ɺ

Å If it is necessaryto immersecryovialsin the liquid phaseof liquid nitrogen, they
should be immediately placed into a sealedand unbreakable plastic container
before thawing to prevent an explosion in case liquid nitrogen enters the
cryovials; alternatively, the cryovials may be slowly transferred from the liquid
phaseto the gaseousphaseof liquid nitrogen 24 to 48 hours before removal.

24 48 ɺ

Internal vs. External vial thread design

cryogenic heat shrink tubing



GMPP -- Ampoules containing infectious materials
GMPP 

Å Ampoules containing infectious materials should never be immersed in liquid
nitrogenbecausecrackedor imperfectly sealedampoulesmay break or explode
on removal. If very low temperatures are required, ampoules should be stored
only in the gaseousphaseabove the liquid nitrogen.

ɺ
ɺ

Å Infectious materialsshould be stored in mechanicaldeep- freeze cabinetsor on
dry ice. Laboratory workers should wear eyes and hands protection when
removing ampoules from cold storage.

ɺ
ɺ

Å The outer surfaces of ampoules stored in these ways should be disinfected
when the ampoulesare removed from storage.

ɺ

Å Careshould be taken when ampoules of freeze- dried materialsare opened, as
the contents may be under reduced pressureand the sudden inrush of air may
disperse some of the materials into the atmosphere. Ampoules should always
be opened in a BSC.

ɺ ɺ



GMPP -- Ampoules containing infectious materials
GMPP 

É Opening of ampoules containing lyophilized infectious materials:

1. Firstdecontaminate the outer surfaceof the ampoule.
ɺ

2. Make a file mark on the tube near to the middle of the cotton or
celluloseplug, if present.

ɺ

3. Hold the ampoule in alcohol- soakedcotton to protect hands before
breaking it at a file scratch.

ɺ

4. Removethe top gently and treat ascontaminated material.
ɺ

5. If the plug is still above the contents of the ampoule, remove it with
sterile forceps.

ɺ

6. Add liquid for resuspensionslowly to the ampoule to avoid frothing.
ɺ

ɺ
ɺ

ɺ
ɺ

ɺ
ɺ



GMPP -- Transfer and Transportation
GMPP 

É Transfer within the laboratory :

Moving biological agents within the laboratory, for example, from a BSCto an
incubator, should be undertaken following GMPPto prevent incidents of cross
contamination and inadvertent spillage.

BSC GMPP
ɺ

Å Use sealed containers, such as screw- capped tubes. Snap- cap lids should be
avoided as they are lesssecure.

ɺ ɺ

Å Use deep- sided and leak- proof trays or boxes made of smooth impervious
material (for example, plastic or metal), which can be effectively cleaned and
disinfected. Locking plastic containersand storage containersare an option.

ɹ
ɺ ɺ



GMPP -- Transfer and Transportation
GMPP 

É Transfer within the laboratory :

Å If using racks,vialsor tubes, trolleys can be used for more stable
transport, as they are lesslikely to result in multiple spillagesif a
personnel trips or falls.

ɹ

ɺ

Å If using trolleys, ensure they are loaded so that substances
cannot fall off, for example,by securing the load or using some
form of guard rail or raisedsides.

ɹ ɺ

Å Make sure spill kits are readily available for use in the event of a
spillageduring transfer.

ɺ



GMPP -- Transfer and Transportation
GMPP 

É Transfer within a building :

Å Transfercontainersmust be suitably labelled to identify their contents, and surfaces
decontaminated before leaving the laboratory. Biohazard symbols should be used
on containers as a heightened control measure, if the biological agent being
handled is associatedwith a higher likelihood of infection.

ɺ
ɺ

Å Sealableplastic bags, plastic screw- top tubes and locking plastic containers can all
be used in the transfer of biological aigents between buildings.

ɹ
ɺ

Å Absorbent materials should be used between layers of packaging to absorb all
biological agents,if there were leakage.

ɺ

Å A plastic box or small plastic ice chest is one option for the transport of infectious
substances between buildings on the same site, as they are secure and easily
decontaminated.

ɺ

Containers for transfer of biological agents between 
buildings on the same site



GMPP -- Transfer and Transportation
GMPP 

É Triple packaging of infectious materials :

Using redundant layers of packaging is a common method for controlling any leakage or breach of containment of an infectious
substanceto reduce the likelihood of exposureand/or releaseduring transport.

/ ɺ

Primary receptacle

Watertight, leak- proof or siftproof receptical 
wrapped in absorbent material

ɹ

Secondary packaging

Watertight, leak- proof packaging
ɹ

Third layer

Protective packaging

Example of triple packaging for infectious materials



Waste Management

During laboratory activities, different contaminated materials and liquids will be generated. A large part of those materialswill be 
disposed of as waste. A large part of those materials will be disposed of as waste. The overriding principle is that all contaminated 
materials or liquids leaving the laboratory should either be treated onsiteto allow further safe handling.

ɺ
ɺ

Examples of waste generated in laboratories

Sharp Wastes Needles, broken glass, slides and cover slips, syringes, scalpels
ɹ ɹ ɹ ɹ

Solid Biological Wastes Pipette tips, petri dishes, flasks, tubes, gloves
ɹ ɹ ɹ ɹ

Liquid Biological Wastes Cell culture media/broth, blood,  bodily fluids animal blood
ɹ ɹ ɹ

Chemical Waste Fixatives; formaldehyde,  xylene, toluene, methanol, methylene chloride and other solvents
ɹ ɹ ɹ ɹ

Non- hazardous or General Waste Uncontaminated packaging, paper, plastic containers
ɹ ɹ

Note: For the classification requirements of laboratory waste, please refer toHKUST(GZ) Hazardous Waste Management 
Hazardous Waste Management.

ʁ ʂ ʁ
ʂ



Some Laboratory- Generated Waste Disposal Flowchart

Solid Biological Wastes Medical waste bag Autoclave Medical waste temporary storage room

Sharp Wastes Sharps bin Medical waste temporary storage room



Some Laboratory- Generated Waste Disposal Flowchart

Blood, serum, secretions, etc
ɹ ɹ

Medical waste bag Autoclave Medical waste temporary storage room

Non- hazardous or General Waste General waste bin



Decontamination

Depending on the level of decontamination that needs to be achieved, processes such as cleaning, disinfection or sterilization can be 
used.

ɹ ɺ

É Sterilization

A process that eliminates or destroys all forms of microbial life on laboratory
instruments,apparatuses,and materials.

ɹ ɺ

É Disinfection

The process of eliminating or killing pathogenic microorganisms on environmental
surfaces/media,rendering them non- infectious.

ɺ

É Cleaning

The processof removing organic matter, inorganic matter, and visible soils from object
surfaces.

ɹ ɺ

Levels of decontamination

Sterilization

Disinfection

Cleaning



Decontamination -- Cleaning

Cleaning, in general, is the removal of any matter from an item that is not part of the item itself. Cleaning in the context of laboratory
biosafetyhas two functions:

ɺ

1. It can remove dirt and organic matter from an item that would inactivate chemical disinfectants or impede them making contact with
biological agentswithin the item.

ɺ

2. It can remove a high proportion of biological agents, making reduction to safelevelsby subsequentchemicaldisinfection more effective.
ɺ

Å Cleaning includes brushing, vacuuming, dry dusting, washing or damp mopping preferably with warm water. Using a laboratory
dishwasheris alsoa cleaning method.

ɹ ɹ ɹ ɺ ɺ

Å Theaddition of cleaning agents (surfactantthat lowers surfacetension, detergent) increasesthe effectivenessof cleaning.
( ɹ ) ɺ

Å Examplesof common cleaning agents include soda solution (3 kg sodium carbonate (Na2CO3) per 100 L of hot water), soap solution (3
kg soap per 100 L of hot water) or commercialpreparations.

100L 3kg Na2CO3 ɹ 100L 3kg ɺ



Decontamination -- Hand hygiene

While suitable gloves provide the wearer with a high degree of protection, they do not give complete 
protection and hands must be washed after gloves are removed.

ɺ

É Handwashing

A short (about 20 seconds)but thorough handwash with soap and running water will efficiently remove
laboratory- acquired contamination.

20 ɺ

Å Handsshould be washedin running water.
ɺ

Å A hands free method (infrared- operated switch, or foot, knee or elbow operated tap/faucet) is an
advantage.

ɹ ɹ ɺ
Å If taps/faucets need to be turned on and off by hand, a clean paper towel should be used to turn them

off. Hands should be dried with single- use paper towels and the towels should properly discarded after
use in a designatedwastebin.

ɺ



Handwashing -- recommended procedure



Decontamination -- Hand hygiene

É Alcohol hand rub

Alcohols (ethanol, propanol or isopropanol) at concentrations between 60%and 95%applied to the hands
and rubbed to dryness can be effective in removing microbial contamination acquired during laboratory
work.

60% 95% ɹ
ɺ

Å Alcohols are poor at penetrating proteins or protein- containing matter, so they should only be used on
visiblycleanhands.

ɺ
Å Alcohols have no activity against spores and poor activity against non- enveloped viruses; if hand

contamination with thesebiological agents is likely,handwashingshould be used insteadof alcohol hand
rubs.

ɺ



Alcohol hand rub -- recommended procedure

20- 30s

1. 2. 3. 4.

5. 6. 7. 8.

Take adequate alcohol- based handrub with a
cupped hand.

ɺ

Rubhands,palm to palm.
ɺ

Right palm over back of left hand with
interlaced fingers and viceversa.

ɺ

Palm to palm with fingers
interlaced.

ɺ

Backs of fingers to opposing
palmswith fingers interlocked

ɺ

Rotational rubbing of left thrumb
claspedin right palm and viceversa.

ɺ

Rotational rubbing, backwards and
forwards with clasped fingers of right
hand in left palm and vieceversa.

ɺ

Oncedry, your handsare clean.
ɺ



Decontamination -- Disinfection

According to the Hygiene Standard for Disinfection in Hospitals(GB 15982), China categorizes disinfection processes into three levelshigh- level, 
intermediate- level, and low- level disinfection.

ʁ ʂ GB 15982 ɹ ɺ

É High level disinfection

A processthat kills all bacterial propagules (including mycobacteria),viruses,fungi and their spores,aswell as the vastmajority of bacterial endospores.
ɹ ɹ ɺ

É Middle level disinfection

A processthat kills variouspathogenic microorganisms(including mycobacteria)but excluding bacterial endospores.
ɺ

É Low level disinfection

A processinvolving chemicalmethods that kill bacterial propagules (exceptmycobacteria)and enveloped viruses, along with mechanicalmicrobial removal
techniquessuchasventilation and rinsing.

ɹ ɺ

Disinfection Bacterial endospores Mycobacteria
Non- enveloped and small-

sized viruses
Fungi (Fruitingbody and 

fungal spores)
Bacterial propagules Enveloped viruses

High level disinfection
ɒ Ŵ Ŵ Ŵ Ŵ Ŵ

Middle level disinfection
Ŵ ɒ ɒ Ŵ Ŵ

Low level disinfection
ɒ Ŵ Ŵ

Ŵ ɒ" signifies efficacy may be contingent upon the formulation and active ingredients; "" denotes 
the agent is generally ineffective against these pathogens.
Ŵ ɒ ɺ



Decontamination -- Disinfection

Microbial Resistance to Disinfectants and Sterilants
ɻ

Categories of Microorganisms Example Resistance

Prions
/ High

Low

Bacterial endospores Geobacillus stearothermophilus, Bacillus cereus, Clostridioides difficile
ɹ ɹ

Protozoan Parasites and Helminths (Infective Stages) Cryptosporidium parvum oocysts, Giardia duodenalis cysts, Enterobius vermicularis eggs
ɹ ɹ

Mycobacteria Mycobacterium tuberculosis complex

Non- enveloped viruses Parvoviruses, Human Papillomaviruses (HPVs) 
ɹ HPVs

Fungi (resting body) Aspergillus spores

Gram- negative bacteria Escherichia coli, Pseudomonad
ɹ

Fungi (fruitingbody) Mold (Trichophyton,  Penicillium), Saccharomyces (Candida albicans)
ɹ ɹ

Gram- positive bacteria Streptococcus, Staphylococcus
ɹ

Enveloped viruses Influenza viruses



Decontamination -- Disinfection

É Fundamental Principles of Disinfection and Sterilization

1. The appropriate level of disinfection or sterilization shall be determined based on the potential infection
risk posed by contaminated items.

ɻ ɼ

Items posing high infection risk shall undergo sterilization; those with moderate infection risk require at least
intermediate- to- high level disinfection.

ɺ

2. Selection of disinfection or sterilization methods must be based on the category and bioburden level of
contaminating microorganisms .

ɻ ɻ ɼ

a) Due to differential microbial resist patterns, verification of disinfectant efficacy against specific
contaminating microorganismsis imperative.

ɺ



Decontamination -- Disinfection

É Fundamental Principles of Disinfection and Sterilization (Continue)

2. Selection of disinfection or sterilization methods must be based on the category and bioburden level of
contaminating microorganisms .

ɻ ɻ ɼ

b) Items contaminated with pathogenic bacterial spores, fungal spores, mycobacteria, or bloodborne
pathogens (e.g., HBV,HCV,HIV)shall undergo high- level disinfection suchas chlorine- baseddisinfectants
or sterilization.

ɹ ɹ ɹ ɹ
ɺ

c) Items contaminated with fungal agents,hydrophilic viruses,spirochetes,mycoplasma,chlamydia or similar
pathogenic microorganismsrequire disinfection achievingat minimum intermediate- level efficacy.

ɹ ɹ ɹ ɹ
ɺ



Decontamination -- Disinfection

É Fundamental Principles of Disinfection and Sterilization (Continue)

2. Selection of disinfection or sterilization methods must be based on the category and bioburden level of
contaminating microorganisms .

ɻ ɻ ɼ

d) Items contaminated with bacteria or enveloped viruses(excludingbloodborne pathogens such as HBVand
HIV)shallundergo low- to- intermediate level disinfection.

ɹ
ɺ

e) When inactivating microorganisms shielded by organic material, the applied disinfectant concentration
shallbe increasedand/or contact time.

ɺ

f) When microbial contamination on disinfected items is particularly severe,the dosage of disinfectant should
be increasedand/or the disinfection time extended.

ɺ



Decontamination -- Disinfection

É Fundamental Principles of Disinfection and Sterilization (Continue)

3. Disinfection or sterilization methods should be selected based on the nature/properties of the
items.

ɻ ɼ

a) Moisture- and heat- resistant instruments, utensils, and items should undergo autoclaving (pressure
steam sterilization) as the first- line method.For heat- stable oil- based preparations, dry powders, or
similar substances,dry heat sterilizationmay be used.
ɹ ɹ

ɺ

b) Items that are not heat- or moisture- tolerant should undergo low- temperature sterilization methods,
suchasethyleneoxide (ETO)sterilization.

ɹ ɺ



Decontamination -- Disinfection

É Fundamental Principles of Disinfection and Sterilization (Continue)

3. Disinfection or sterilization methods should be selected based on the nature/properties of the
items.

ɻ ɼ

c) For surface disinfection, the nature of the material must be considered. Smooth surfacesshould be
disinfected using an appropriate disinfectant wipe or close- range irradiation with a UV- C device.
Porousmaterial surfacesshould undergo immersion or spraydisinfection methods.

ɺ

4. Risks associated with different disinfection and sterilization methods must be assessed, and
appropriate risk control measures implemented .

ɻ ɼ



Ultraviolet Disinfection

Å Threeranges:

1. UV- A: 315 - 400nm
2. UV- B: 280 - 315 nm
3. UV- C: 100 - 280nm

Å Most effective for killing or inactivating microbes is UV- C, with 260 nm being the best.
260nm C UV- C /

Å Applying UV- C for control of microbes akaUltraviolet GermicidalIrradiation (UVGI).
UV- C UVGI ɺ

Å UVGIkills or inactivatesmicrobes by damaging their DNA.
UVGI DNA ɺ

É Applications

1. Healthcare

2. Commercialbuildings

3. Residential

4. Laboratories

5. Pharmaceutical

6. Food industry



Ultraviolet Disinfection

É Advantages of UV

Å Proventechnology for effective killing of microbes,in use for decadesfor air and surfacesterilization in
hospital & laboratories.

ɺ

Å No airflow resistance(unlikeHEPAfilter) .
HEPA ɺ

Å Canbe a good substitute to chemicaldisinfectants,to avoid fumigation, soakingor wiping.
ɹ ɺ

Å A physical agent, will not disperse like chemical disinfectants, therefore more controllable and pose
lessrisk to human if properly isolated.

ɺ



Ultraviolet Disinfection

É Disadvantages of UV

Å Variableeffectivenessfor different microbes,may need to couple with other disinfecting agent.
ɺ

Å To be effectivelykilled by UV- C,germs must be irradiated directly.
UV- C ɺ

Å Lamp soiling and aging: Dust can accumulateon UV lamp, usagealsodecreaseslamp efficiency.
ɺ

Å Adversehealth effect: exposureto UV rayscan burn skinand eyes.
ɺ

Å Material deterioration, VOCoff- gasing under prolonged UV irradiation.
VOC ɺ



Chemical disinfection

Å Theactivity of the chemicaldisinfectant against the biological agent being handled in the laboratory is the
first factor to considerwhen selectinga chemicaldisinfectant.

ɺ

Å Sporesand prions require a more rigorous decontamination processbefore disposal.
ɺ

Å The organic load (amount of organic matter mixed with the biological agents) must be considered
becausemost chemicaldisinfectants,including hypochlorites,are inactivatedby organic matter.

( ) ( )
ɺ

Å Before the chemical disinfection of any solution, the other chemicals in the liquid must be taken into
account in order to avoid the adverseeffectsof mixing incompatible chemicals.

ɺ



Chemical disinfection

Overview of Active Levels of Chemical Disinfectants

Disinfectant Recommended Dilution Ratio or Concentration for Activity Activity Level

Peracetic acid
0.20%

High level

Phthalate
0.50%

High level

Formaldehyde
1% 8%

High level

Quaternary ammonium compounds Type containing alcohol High level

Chlorine compounds 500 10000mg/L, adjust pH to 7
500 10000mg/L pH 7

Middle level -- High level, effective against bacterial spores
-

Hydrogen peroxide
3% 6%

Middle level -- High level
-

Glutaraldehyde Variable Middle level -- High level
-

Alcohols
70% 80%

Middle level

0.5% 3%
Low level -- Middle level

-

Iodine compounds 30 50 mg/L free iodine; available iodine up to 10000mg
30 50mg/L 10000mg

Low level -- Middle level
-

Quaternary ammonium compounds
0.1% 0.2% (1000 ~ 2000mg/L)

Low level



Disinfectant -- Chlorine compounds

Å Hypochlorites are chlorine- based disinfectants but the active component is oxygen loosely bound to
chlorine; this oxygen is readily lost to become availableto oxidize other compounds.

ɺ

Å These disinfectants are solutions with a variety of components in equilibrium but the most active
chemicalspeciesare usuallysodium hypochlorite (NaOCl),the hypochlorous ion (OCl ) and hypochlorous
acid (HOCl).

(NaOCl)ɹ
(OCl ) (HOCl)ɺ

Å The oxidizing capacityof hypochlorite solutions is expressedas either percentage of availablechlorine, or
parts per million of availablechlorine (ppm av Cl).

(ppm av Cl) ɺ

Å There can be uncertainty about the available chlorine content of chlorine- based disinfectants because
liquid hypochlorites decayon storage.

ɺ



Disinfectant -- Chlorine compounds

Å Thespeedof that decaydepends on storage conditions, mainly temperature.
ɺ

Å Chlorine- baseddisinfectantsshould be prepared immediately before use.
ɺ

Å The combination of formaldehyde solutions and sodium hypochlorite generates a mix of toxic gases,
including hydrochloric acid,chlorine and formic acid.

ɹ ɺ

Å Thecombination of ethanol and solutions containing sodium hypochlorite generateschloroform.
ɺ

Å Mixing of a solution containing guanidine thiocyanate and sodium hypochlorite generates a toxic gas
mixture of hydrochloric acid and hydrogen cyanide.

ɺ

Å Contact between chlorine- baseddisinfectantsand acidscan produce toxic chlorine gas fumes.
ɺ



Disinfectant -- Chlorine compounds

Recommended concentration for chlorine - based disinfectants

Decontamination procedures Contaminant Category

Immersion Disinfection

Bacterial propagules Bloodborne Pathogens, Mycobacteria, Bacterial endospores
ɹ ɹ

500 mg/L, 10 min 2000 mg/L 5000 mg/L, 30 min

Wiping Disinfection

Bacterial propagules Bloodborne Pathogens, Mycobacteria, Bacterial endospores
ɹ ɹ

500 mg/L, 10 min 2000 mg/L 5000 mg/L, 30 min

Spray Disinfection

Bloodborne Pathogens, Mycobacteria, Bacterial endospores
ɹ ɹ

400 mg/L 700 mg/L,
10 min 30 min

2000 mg/L, 60 min

Dry Powder Disinfection

Secretions, Excreta
ɹ

10000 mg/L



Disinfectant -- Chlorine compounds

Hypochlorite solutions can be prepared from a number of different starting agents such as liquid bleach.
ɺ

DO NOT use bleach in areas where lysis buffer, Trizol or solutions containing thiocyanate salts have been used. The mixing ofsodium hypochlorite 
in bleach with the thiocyanate salts in lysis buffer will produce toxic gas. 

ɹTrizol ɺ ɺ

É How to make 0.5%bleach solution from household bleach (5000 mg/L)
0.5% 5000 mg/L

5% 10%

ɺ

ɺ

10mL 90mL
ɺ

10 ɺ

5mL 95mL
ɺ

10 ɺ



Disinfectant -- Chlorine compounds

É How to make 0.5%bleach solution from household bleach (5000 mg/L) (Continue)
0.5% 5000 mg/L

ɺ
ɺ

ɺ

ɺ



Disinfectant -- Chlorine compounds

DO NOT use bleach in areas where lysis buffer, Trizol or solutions containing thiocyanate salts have been used. The mixing ofsodium hypochlorite 
in bleach with the thiocyanate salts in lysis buffer will produce toxic gas. 

ɹTrizol ɺ ɺ

É How to make 0.5%bleach solution from chlorine powder (5000 mg/L)
0.5% 5000 mg/L

65% 35%

ɺ

ɺ

77g 10L ɺ
ɺ

30 ɺ

143g 10L ɺ
ɺ

30 ɺ



Disinfectant -- Chlorine compounds

É How to make 0.5%bleach solution from household bleach (5000 mg/L) (Continue)
0.5% 5000 mg/L

ɺ
ɺ

ɺ

ɺ



Disinfectant -- Alcohols

Å Alcohols used for laboratory disinfection are either ethanol (usually denatured by the addition of
methylated spirits,making it unsuitable for consumption), propanol (propan- 1- ol) or isopropanol (propan-
2- ol).

ɹ - 1-
- 2- ɺ

Å The normal concentration for use is 70%, although, depending on which alcohol is used,anywherebetween
60%and 90%can be effective.

70% 60% 90% ɺ

Å The activity of the three alcohols is broadly similar; they are effective against a wide range of bacteria in
non- spore form and enveloped (lipid- containing) viruses. They have variable activity against non-
enveloped virusesand no activity againstbacteriaspores.

( ) ɺ
ɺ



Disinfectant -- Alcohols

ÅWhile alcohols are not inactivated by organic matter, their activity is unreliable in the presence of
proteins; they can coagulate proteins, forming a barrier against their further penetration to layersinside.

ɺ

Å Alcohols evaporate quickly which make them convenient to use as surfacedisinfectants. However, their
quick evaporation also reducesthe exposuretime and therefore their effectiveness.

ɺ
ɺ

Recommended concentration for alcohols disinfectants

Decontamination procedures Recommended concentration (V/V) Contact time

Skin surface disinfection
70% 80%

3 min, 2 times
3 min 2

Wiping Disinfection
70% 80%

3 min, 2 times
3 min 2

Immersion Disinfection
70% 80% ƌ



Disinfectant -- Peroxides

É Hydrogen peroxide (H2O2)

Å Hydrogen peroxide acts as an oxidizing agent by producing hydroxyl free radicalsthat attack
essentialcell components, including lipids, proteins and DNA.

ɹ DNAɺ

Å It has a wide range of bactericidal,viricidal and fungicidal activity, although activity is variable
againstbacterial sporesand mycobacteria.

ɹ
ɺ

Å Hydrogen peroxide is consideredenvironmentally friendly becauseit can rapidly degrade into
the harmlessproducts water and oxygen. It is, however, a severe irritant to the skin, eyes
and respiratory system.

ɺ
ɹ ɺ



Disinfectant -- Peroxides

É Peracetic acid (C2H4O3)

Å Peraceticacid is made by mixing acetic acid with hydrogen peroxide and a strong acid catalyst. It is a
stronger disinfectant than hydrogen peroxide.

ɹ ɺ

Å Peraceticacid is highly sporicidal,bactericidal,viricidal and fungicidal at low concentrations(< 0.3%).
ɺ (<0.3%) ɹ ɹ

ɺ

Å Peracetic acid also decomposes to safe by- products (acetic acid and oxygen) and has the added
advantages of not being decomposed by peroxidases,unlike hydrogen peroxide, and remaining
active in the presenceof organic loads.

( )
ɺ

Å However, as with hydrogen peroxide, peracetic acid is a severe irritant to the skin, eyes and
respiratory system.

ɹ ɺ


