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Biological Agent 
 

any microorganism,  

even genetically modified, cell colture,  

human endoparassite, which could cause  

infections, allergies or intoxications 

 

 

Cell Colture 
 

result of in vitro growth of cells derived from 

multicellular organisms 

Microorganism 
 

any microbiological entity, cellular or non-cellular, 

capable of replication or of transferring genetic material 

 

Genetically Modified Organism (MGMO)  
 

Entities whose genetic material has been modified  

such that it does not occur in nature, by intersection  

and / or natural recombination 
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Biological Agents … 

 bacteria 

 fungi 

 parasite 

 protozoa 

 virus 
 
 

 

 
 

 

 
 
 

…. togheter with toxins and allergens 
derived from the same microorganisms 
or other organisms, plants or animals 
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Biological Agents Classification… 
(D.Lgs. 81/08, Titolo X, Allegato XLVI) 

GROUP CHARACTERISTICS 
BIOSAFETY 

LEVEL 
EXAMPLES 

1 
Agent that hardly causes human 

illness 

Laboratory Good 

Practice 

Procedures 

BSL1 

Bacillus subtilis, Escherichia coli, 

Staphilococcus epidermidis 

2 

An agent that can cause illness in 

humans and pose a risk to workers. It 

is unlikely to propagate to the 

community. Therapies and prophylaxis 

are available 

BSL2 

Staphilococcus aureus, Klebsiella 

pneumoniae, Toxoplasma gondii, 

Candida albicans, Citomegalovirus 

(CMV), Herpes simplex virus 1 e 2 

3 

An agent that can cause serious 

illness in humans and pose a serious 

risk to workers. Can propagate to the 

community. Therapies and prophylaxis 

are available 

BSL3 
Brucella abortus, Salmonella typhi, 

Taenia solium, HBV, HIV, HCV 

4 

An agent that can cause serious 

illness in humans and pose a serious 

risk to workers. May present a high 

risk of propagation to the community. 

Effective therapy and prophylaxis 

measures usually are not available 

BSL4 
Virus Ebola, Virus di Marburgo, Virus 

della Febbre Emorragica di 

Crimea/Congo 
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Activities  

with Biological Risk…. 

Deliberate use (voluntary) 

 University - research and experimentation on biological agents 
 

 Waste treatment - degradation of sludge and effluent with bacteria 
 

 Food industry - biotransformation processes wine, beer, cheeses…. 
 

 Health - microbiology laboratories 
 

 Pharmaceutical industry - research and production of vaccines,  

    drugs, diagnostic kits 
 

 Biotechnology industry - use and production of selected  

    microorganisms 
 

 Animal Husbandry and Veterinary - use and testing of drugs and  

    diagnostic methods with biological agents 
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 Public-Related Activities 

 Health care activities - kindergartens 

 Activities related to agriculture, animal husbandry, pisciculture 

 Waste collection, treatment and disposal services 

 Chemical analysis laboratories  

 Abattoir 

 Waste water treatment plants 

 Mortuary and cemetery services 

Activities  

      with Biological Risk …. 

Potential Exposure  
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In a Biological Laboratory: 

Biological + Chemical Risk 

 

 

 

 

(yes, eg environmental matrices)  

 

In a Chemical Laboratory: 

Chemical + Biological Risk(?) 

 

It should be  

    pointed out that...  
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Characteristics of  

                      Biological Agents… 

in relation to their hazard to humans 

 Infectiousness: ability to survive the host defenses and to  

                             multiply in it (penetration and multiplication) 
 

 Pathogenicity: ability to produce disease after infection  

                            (disease production) 
 

 Transmissibility: ability to be transmitted by a immune carrier  

                                or ill person to an uninfected subject  

                                (contagion of susceptible subjects) 
 

 Neutralization: availability of effective therapies or prophylactic 

                            measures (vaccines) to prevent the disease 
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How to contain Biological Risk  

                               in Laboratory… 

CPD 
 

 

 

 

PPE 
 

 

 

 

LABORATORY 

GOOD PRACTICE 

PROCEDURES 
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CPD… 
(COLLECTIVE PROTECTION DEVICES)  

Systems that, by intervening directly to pollution sources,  

reduce or eliminate the risk of worker exposure and  

contamination of Work Environment 

 Fume hoods 

 Ventilated and safety cabinets 

 Biological safety cabinets 

 Isolators and glove – box 

 Sharps containers 
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Laminar Flow Hoods… 

They are used only to avoid 

contamination of the sample 

and to maintain a sterile 

environment inside the hood 

itself, while not guarantee 

any protection to the 

operator. 

Therefore, these are not 

biological safety cabinets, as 

they are risky for the 

operator and the 

environment. 

They are cheaper than safety 

cabinets and are used in 

laboratory activities where 

risks for the operator are 

limited, for example in the 

preparation of sterile culture 

media 

Horizontal laminar flow hood used to solidify culture media 

in Petri capsules under sterile conditions 

NO 

CPD! 
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Biological Safety Cabinets… 

 Class I 

 

 

 Class II 

 

 

 Class III (glove box) 
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Biological Safety Cabinets 

Class I 

The Class I cabinet is a cabinet 

whose function is to protect the 

operator, but not the sample he is 

working on. 

Inlet air is not filtered, resulting 

in possible cross-contamination by 

the environment and non-sterile 

materials, but is filtered out with 

HEPA filters. 

These filters are placed on the top 

of the cabinet: they are defined as 

absolute filters and filter 99.999% 

of the particles up to 0.3 

contained in the air flow. 

These cabinetss are used for manipulation of Group I-II 

microorganisms, excluding pathogens. 
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Biological Safety Cabinets 

Class II 

The Class II cabinet is a cabinet whose 

function is to protect the operator and 

the sample, so to guarantee absolute 

sterility. 

This cabinet is formed of a perforated 

stainless steel base that allows the 

inlet of filtered air through a system of 

2 HEPA close-range filters. 

 

From this cabinet 30% of the air is 

expelled, while the remaining 70% is 

recirculated: the partial discharge 

function of the air is to create a 

depression that invokes it inside so as 

to establish a continuous flow. 

 

The air enters the cabinet with a 

vertical flow, so that the 

microorganisms do not get out of the 

working environment and do not 

contaminate the operator (in case of 

pathogenic microorganisms). 

This cabinet is indicated for the handling of 

Group II and Group III microorganisms 
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Biological Safety Cabinets 

Class III (glove box) 

  The third class cabinet is a cabinet 

whose function is to completely 

isolate the operator from the 

sample that manipulates and does 

not expose him to the risk of 

contagion with Group IV pathogens. 
 

This cabinet is completely and 

hermetically sealed: the operator 

manipulates the biological agents by 

means of fixed gloves that isolate 

him/her completely. 
 

Class III cabinets filter both 

incoming and outgoing air through 

4 HEPA filters: 
 

 The inlet air is sterilized by a 

filter placed at the back  

 The outgoing air is sterile thanks 

    to the passage through 2 HEPA 

    filters, ensuring a negative 

    pressure to the internal  

    environment. These cabinets are used in laboratories where group IV 

biological agents (such as Ebola ...) are being manipulated. 
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Techniques for the use of  

   Biological Safety Cabinets… 

1. The use and limits of biological cabinets should be explained to all 

    potential users through written protocols 

2. The cabinet must only be used if it is perfectly working 

3. When the cabinet is in use, the glass locking panel must not be opened 

4. The equipment and materials in the cabinet must be minimized and  

    placed at the bottom of the working area 

5. Do not use Bunsen in the cabinet as heat causes airflow losses and may 

    damage the filters; alternatively, the microincinerators may be used,  

    but the disposable anchors are still preferable 

6. All operations must be carried out in the middle or at the bottom of  

    the work surface and be visible from the glass panel 

7. The passage of things or people behind the operator must be minimized 

8. The operator should not disturb the airflow introducing and removing 

     the arms repeatedly 

9. The cabinet fan must be left in motion at least 5 minutes after the end 

     of the work 
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Criticality…  
                      

 The positioning of the cabinet in the room can affect its performance: 

 the presence of more cabinets in the same room can unbalance the 

airflows in the various cabinets/hoods present; 

 if a chemical fume hood and a biological or biohazard cabinet are 

present in a room, a lot of attention should be paid to the testing 

and periodic checks, in order to prevent a prevalence on the other 

because the chemical fume hood will take air from the Biological 

cabinet also neutralizing its frontal barrier 
 

 Once correctly placed and tested by competent personnel, before you 

start using it the staff will have to go to formation and training 
 
 

 Maintenance is another important threat to biohazard cabinets; in 

    most cases periodic inspections and maintenance of the cabinets are  

    entrusted to specialized companies; in recirculation hoods, it is  

    important to replace the filters because what is not retained by the  

    filters returns to the room and is breathed 
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Cutting and   

Puncture Wound Protection...  

 
 Installation of sharp medical devices containers, properly 

    reported 

 NO use if not strictly necessary 

 NO Needle re-capping in absence of protective and safety 

devices for  puncture 

 Health Surveillance 

 TRAINING and INFORMATION program 

Specific Prevention Measures to Adopt 
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PPE… 
(Personal Protective Equipment)  

Any equipment intended to be worn 

and kept by the worker in order to 

protect him/her from one or more 

hazards likely to threaten his/her 

safety or health during work,  

as well as accessories intended  

for that purpose 

(D.Lgs. 81/08 art.74 comma 1) 
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PPE… 
(Personal Protective Equipment)  

What are… 

 Any equipment that must be worn and kept by the worker to protect it from 

    one or more hazards (art. 74 D.Lgs. 81 /2008) 

 

 To be used when risks can not be avoided or sufficiently reduced by technical  

    measures, collective protection or reorganization of work 

 

 Chosen according to the risks, workers are obliged to wear them, keep them 

    clean and in good condition 

 

 Protects the various parts of the body: gloves, masks, eyeglasses, helmets,  

    hearing protectors, shoes, climbing harness, coberall, suits, aprons, etc.  

   Compliant with legal regulations and techniques, they must have the CE mark 

 

 They must contain instruction manuals for use, storage, cleaning,  

    maintenance, expiration date, category and limits of use, possibly written 

    in the official languages (Italian and possibly others) 
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PPE… 
(Personal Protective Equipment)  

Tips for using...  

                

 Wear PPEs before accessing the risky area or 

     before starting the activity at risk 

 Remove PPEs ONLY after leaving the area at 
     risk or at the end of the activity 

Consigli  

per  

l’uso  
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How to wear… 

 

Masks 

 Place the mask on your face 
 

 Place the elastic bands behind the nape and adjust them 

    with both hands to achieve perfect grip on the face 
 

 Adjust the nose clip 

 

DO NOT reuse masks temporarily resting  

on your neck or forehead 
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How to wear… 

 Gloves 

 Wear gloves on dry, clean hands 

 Do not wear the same gloves for too long, it is important to observe  

   the permeation time 

 Remove gloves without touching the outer surface with bare hands 

Wearing gloves, DO NOT: 
 

 touch objects of common use (copiers, telephones, registers, books, 

   PCs, handles, ...) and personal (bags, clothes, glasses, cell phones ...) 
 

 Access to libraries, secretariats, toilets, classrooms, offices, dining 

areas, canteens, bars ...) 

In case of reusable gloves: 
 

 Before removing the gloves, clean with disposable cloths the excess substance,  

    rinse them in running water and dry them; 

 Before re-use, dry out the inside of the gloves; 

 Re-use only gloves without any defects (no cuts or tears). 

 
N.B. Avoid using latex gloves, as it may cause allergies 
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How to wear… 

 
Lab coat 

 

Wearing the lab coat, DO NOT:  

 

 Access libraries, secretariats, toilets, classrooms, 

    offices, refreshment areas, canteens, bars, etc. 
 

 Place your lab coat separately from clothing,  

    personal belongings 
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You must follow an order  

                         to remove PPEs… 

 After use, protective clothing may be contaminated, so it is 

necessary to remove them by trying  

to avoid self-contamination 
(Transfer contamination from protective clothing to clothing and body parts) 

 

 coverall, lab coat       glasses/gloves        mask 
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Good Practice Procedures… 

 Wash your hands often, always at the end of work 

 Do not pipette with your mouth 

 Do not drink, eat or smoke 

  Do not apply contact lenses, cosmetics 
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Good Practice Procedures … 

 Disposable material 

 

 Unbreakable/splinterproof material 

 

 Label all containers 

 Do not touch broken glass with 

   your bare hands 

 

 Do not dispose of needles, blades or 

broken glass in perforated containers 

and urban waste 
 
 
 

use… 
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Practical rules to follow in a place 

           where Biological Hazard  

                                  is present...  

 Apply the Biological Risk Signal 
 

 

 Restrict access to authorized personnel 

 

 

 Wear lab coat or protective clothing 

    before entering 
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Practical rules to follow in a place 

where Biological Hazard is present…  

 When necessary wear: 

   Personal Protective Equipment 

   (PPE): 
gloves 

Face protection… 
 

 Carefully consider the opportunity to let  

    the visitors, maintainers, and son on enter 
 

 Limit the use of needles and blades as much 

    as possible 
 

 Disinfect work surfaces daily 
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Hand wash:  

                   when is it compulsory?  

It is preferable that the sink is equipped with a foot or elbow tap or 

photocell. It must be equipped with detergents (liquid soap), means for 

drying (waste paper in rolls or wipes) and possibly liquid disinfectant (eg 

chlorhexidine), iodopovidone (Betadine) 

 Accidental contact with liquids / organic materials 
 

 Before wearing gloves 
 

 After using the toilet 
 

 Before and after eating 
 

 Before invasive procedures 
 

 Before contact with patients particularly  

    susceptible to the risk of infection 

 



dr.ssa Manuela Garavani 
Università degli Studi di Pavia Il Rischio Biologico in Laboratorio 

Proper procedure  

   for hand washing….  

 remove bracelets, rings, watch 
 

 soap your hands thoroughly (fingers, palms, back, 

wrists, nails) for at least 10 sec 
 

 rinse with full water 
 

 only in special cases (after contamination with 

organic liquids, in the event of injury to gloves at 

risk or, if necessary, antiseptic washing for high-

risk seizures), wet hands thoroughly with 

disinfectant liquid (fingers, palms, back, Nails) 

for at least 30 sec and dry with paper to lose 
 

 close the taps with paper to lose if there  

are no pedal or elbow or photocell taps 
 

 DO NOT USE:  

 solid soap 

fabric towels or anyway of promiscuous use 



dr.ssa Manuela Garavani 
Università degli Studi di Pavia Il Rischio Biologico in Laboratorio 

After eye contamination with biological material, 

proceed as soon as possible to eye wash with 

running water or clean physiological solution 

 

Instructions for eye wash in case of 

contamination with organic material / liquids 

 Ask someone for help 
 

 Keep your head tilted forward 
 

 Do not rub the eyelids, avoid closing your eyes, keeping your eyelids open 

    with your fingers 
 

 With the corner of a sterile gauze, compress the orifice of the tear tube 
 

 Remove any contact lenses 
 

 Wash by rotating the person's head to the side and draining the washing liquid  

    so that it flows from the inside outward of the eye 
 

 During the washing operation keep both eyelids raised to facilitate complete 

   cleansing of the ocular mucous membranes 
 

  Go to the hospital 
 

  Notify the Laboratory Manager 
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Sterilization and Disinfection… 

The rational execution of Cleaning and Disinfection interrupts the 

indirect transmission chain of diseases 

 STERILIZATION: Is achieved with physical or chemical treatments  

   with the aim of eliminating all microorganisms 

 

 

 

 DISINFECTION: Process aimed at drastically reducing the number  

   of unwanted microorganisms, regardless of their 

   functional status, by means of an action that is  

   incompatible with maintaining vitality 

 
 

(CLEANING: Removal of dirt, organic substances, stains…) 

 

The two processes that play an important role in the prevention of 

infectious diseases are: 
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Disinfection… 
 

 



       Steps to Observe to Obtain a Good Sanitation  
                                    of Surfaces and Work Equipment… 

 

    
 

Rough cleaning 
 

 

Removing more rough residues 

 
 

Cleaning 
 

 

Removing dirt from the surface 

 
 

Rinse 
 

Removing dirt 

 

 
 

Disinfection 

 

Inactivation of most microorganisms and killing of 
pathogens 

 
 

Final rinse 
 

 

Removal of disinfectant residues 

 
 

Drying 
 

Il Rischio Biologico in Laboratorio 
dr.ssa Manuela Garavani 

Università degli Studi di Pavia 
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Disinfection….  

 High germicidal activity 
 

 Broad spectrum of activity (gram + and -, viruses,  

    mycobacteria, fungi, vegetative cells and spores,  

    bacterial spores) 
 

 Quick time of action 
 

 High penetration capacity 
 

 Low toxicity to humans and the environment 
 

 Non-corrosive, non-histolesive, etc. 
 

 

Properties of an Ideal Disinfectant 
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Some Disinfectants… 

 Chlorine: Usually bleach, aqueous sodium hypochlorite (NaOCl), 

                   strongly alkaline, damages the metals. Concentration 

                   Cl free 1-5 g / l. Usually: home bleach 50 g/l, industrial 120 g/l. 

                   Chloramine for body surfaces 
 

 Formaldehyde: formalin solution 
 

 Glutaraldehyde: toxic and irritant, solution 2%, avoid use, not to be used 

                               for surfaces and for the body 
 

 Phenolic compounds: Avoid use 
 

 Alcohols: ethanol, isopropanol to be used at 70% v / v, leave no residue,  

                   more effective in mixtures with Cl, with formaldehyde.  

                   Dehydrated the skin of the hands. However, it is not to be used 

                   in excessive quantities because it may be flammable. 
 

 Iodine and iodophores: not suitable for surfaces and objects 
 

 Hydrogen peroxide (H2O2-- / Hydrogen peroxide): Strong oxidant, 

             solutions ready to 3% or 30% to be diluted with water slow action 
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Types of Sanitary Wastes and  
                              Their Classification… 

COMPOSITION WASTE TYPE 
REGIME 

GIURIDICO 

Infectious Wastes 

referred to in art. 2, 

paragraph 1, letter d) 

C.E.R. 18.01.03 o 18.02.02  

 Exhausted exhaust filters from hoods (in the absence 

of chemical risk) 

 Disposable gloves 

 Disposable material:    

    vials, Pipettes, test tubes, protective clothing, masks,  

     eyeglasses, racks, sheets, calzars, overkill, gowns 

 Litters for experimental animals 

Dangerous to 

Infectious 

Risk 

Waste from the conduct 

of research and 

bacteriological 

diagnostics 

C.E.R. 18.01.03 o 18.02.02  

 Plates 

 Cultivation and other germ cells used in microbiology 

and contaminated by pathogens 

Dangerous to 

Infectious 

Risk 

 

Sharp waste 

C.E.R. 18.01.03 o 18.02.02  

 

 Needles, syringes, blades 

 Glazing, lancets, 

 Venflon 

  Shaving scissors and disposable scalpels 

Dangerous to 

Infectious 

Risk 
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 Disinfection: Disinfection of sanitary waste is a precautionary  

                         standard that provides safety guarantees during  

                         the collection and transport operations both  

                         internal and external 
 

Common disinfectants: 
 

Glutaraldehyde, Lysoform, Orthophenylphenol, Sodium 

hypochlorite 

 

 Sterilization: Reduction of the microbial charge to ensure  

                          a S.A.L.-Sterility Assurance Level not  

                          less than 10-6 (90%) 

 

Sanitary Wastes at  

   Infectious Risk Management … 

All materials that have come into contact with 

infected or suspected biological fluids 
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Sanitary Wastes … 

 First Packaging Flexible with the words: Hazardous  

Sanitary Wastes at Infectious Risk  

Symbol of "Biological Hazard" 
 

 Sturdy Hard Container for Cutting Waste "Hazardous and  

Infectious Hazardous Sanitary Wastes" 
 

 Second rigid container bearing the words:  

"Dangerous Sanitary Wastes at Infectious Hazard" 
 

 TEMPORARY DEPOSIT  

Max duration: 5 days after container closure  

For quantities <200 Liters: 30 days 
 

 REGISTRATION 

Within 5 days of production 
 

 FINAL DESTINATION 

    Incineration 

 

Packaging, Warehouse, Registration… 



dr.ssa Manuela Garavani 
Università degli Studi di Pavia Il Rischio Biologico in Laboratorio 

Biological Risk... 

 Poorly supported by measures 

 

 NO treshold values        Stochastic effects 

    (No dose correlation    frequency of the effect) 

  

 Extreme variability 

 

 Difficult environmental monitoring 
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Biological Risk... 

 

P = NV/R 

“probability that a person comes in contact with 

a pathogenic microorganism, is infected and 

contracting an illness” 

Where: N = Infectious charge (??) 

  V = Virulence of the microorganism (??) 

  R = Host resistance (??) 

       
      Dacarro,2002 


