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Many international and national researches carried out so far have shown that the 
incidence of laboratory-induced accidents faced by those working in the laboratory has 
reached remarkable levels. For this reason, it is essential that awareness of biosafety 
in the laboratory be improved and laboratory workers change their behavior patterns 
in the applications they will undertake. Within the scope of the project ‘Keep Lab Sa-
fety, Keep You Healthy (2017-1-TR01-KA202-046148),’ which is funded by the European 
Union Erasmus + program, it has been planned to prepare a source book in the nati-
ve language, which is accessible and suitable for the target group, with the purpose 
of transfer international experiences obtained. With this book, creating awareness on 
biosafety in non-physician health personnel and laboratory staff (biologists, molecu-
lar biologists, pharmacists, chemists, engineers, technicians, laborants and graduates 
of vocational high schools of health etc.) who work with clinical specimens; increasing 
their level of knowledge and disseminating accurate and up-to-date information about 
biosecurity within the country and ultimately reducing laboratory accidents have been 
aimed. With the internalization of laboratory practices cited in this book by the labora-
tory personnel, a safer work environment will be ensured both for the community and 
the environment and personel level.

On behalf of the project team, we would like to express our gratitude to Ankara Uni-
versity Rectorate and Ankara University Biotechnology Institute for their scientific and 
technical contributions to the realization of this book.

Best regards,

    Assoc. Prof. Dr. Demet CANSARAN DUMAN

Project Coordinator

FOREWORD
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SECTION

1

Contrary to popular belief, laboratories are extremely dangerous work environments. 
Hundreds of health care workers are infected each year due to laboratory accidents, but 
very few are reported to the authorities. 2-4% of laboratory personnel infected particu-
larly with dangerous pathogens like brucellosis and tuberculosis lose their lives. On the 
other hand, there are many biological materials in the laboratory that have potential for 
abuse in case of unauthorized access. In order to prevent unauthorized access, theft or 
abuse of these materials, institituonal and individual precautions must be taken. There-
fore, it is necessary to increase the awareness of personnel working in the laboratory 
about the laboratory-related risks and their perception relating to this issue on the fol-
lowing points:
• protecting one’s self, colleagues, family members and the society as a whole,
• ensuring work safety.
The main purpose of this book written within the context of the project “Keep Lab Safe-
ty Keep You Healthy (2017-1-TR01-KA202-046148)”, sponsored by European Union Eras-
mus+, and carried out by Turkish National Agency, is to compose a source that is easily 
accessible by non-physician health personnel working in laboratories, providing them 
with the current and basic information on biosafety.
In this part of this book which was written under the principle of “Keep Lab Safety, 
Keep You Healthy” certain terms to be mentioned in the text have been presented for 
a better understanding of the content (Table 1.1).
In the second part of the book, the focus is on the biosafety-related risks to be caused by 
biological hazards. Health personnel working in the laboratory should first learn what is 
meant by danger and risk, and gain awareness about the risks involved in the laboratory.
In the third and fourth sections, biological hazards that may occur in the laboratory will 
be studied and information on biosafety and biosecurity rules to be be taken against 
biological hazards will be presented. Protection of the laboratory personnel, the soci-
ety and the environment can be ensured by using appropriate laboratory design and 
personal protective equipment (PPE), and following disinfection-sterilization and waste 
management rules. More extensive information on these issues will be presented be-
tween the fifth and seventh sections.

INTRODUCTION AND 
BASIC CONCEPTS
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Table 1.1. Certain terms and definitons on laboratory biosafety

Term Definition

Aerosol Cloud of liquid droplet released when a force is applied to the fluid 
and allowed to exit it

Waste Any substance that is created as a result of production and 
consumption actitivites and which is inconvenient to be released to 
the environment either directly or indirectly as it may give harm to 
human and environmental health

Waste Management All kinds of operations involving the reduction of wastes at their 
source, separation, collection, temporary and interim storage of 
them according to their features, and their recovery, transportation, 
disposal and post-disposal control

Biosecurity The term defining the corporate and individual precautions taken 
to prevent unauthorized access to valuable biological materials, and 
their theft and abuse

Biosafety A combination of laboratory infrastructure, design, equipment, 
techniques and applications to ensure the safe and effective 
use of potentially pathogenic hazardous material, infectious 
microorganisms or their genetic or toxic components and their safe 
execution for people and environment

Biorisk Possibility of biological hazards 

Biohazard Agents or substances of all kinds of biological origin which can have 
harmful effects on living organisms

Decontamination Securing a material, equipment or environment from hazardous 
(biological, chemical, radioactive, etc.) substances

Disenfection Process applied to surfaces and materials and eliminating most 
living organisms

Education The process through which employees gain experience to ensure 
laboratory safety

Equipment All the equipment used in the laboratory

Hand washing The action involving the cleaning of hands before and after 
laboratory work
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Term Definition

Gloves One piece of the Personal Protective Equipment, which protects the 
hands against hazards

Injector Medical material with a needle tip to be disposed of into the sharps 
bins

Google A part of the Personel Protective Equipment, which protects eyes 
against hazards

Safety Cabin Work cabins designed to protect the working person and the 
medium from the risk of infection

Accident Any unplanned, unintentional event, which may prevent a work or 
result in injury, illness or damage

Sharp objects Wastes like syringes, injectors and all other subcutaneous injection 
needles, lancets, scalpels, broken glass, ampoules, slides and cover 
slips, broken glass tubes and petri dishes, all of which may cause 
piercings, prickings, scratches and injuries 

Personal Protective 
Equipment (PPE)

Equipment that protects the person from hazards by creating a 
barrier between the person and the risk

Protection Actions taken to ensure that laboratory workers work without 
damage in case of any kind of accident

Laboratory Mediums where scientific studies are carried out and where 
biosecurity rules should be applied

Precaution Precautions taken to protect laboratory workers against all kinds of 
hazards (biological, chemical, physical and radioactive)

Lab Coat Protective clothing worn by workers against accidents that may 
result from biological and chemical risks in the laboratory

Autoclave Device that facilitates the sterilization of wastes with steam

PDCA Plan, Do, Check, Act

Manual Training material describing the Laboratory Biosafety Rules

Risk The possibility that a hazard may result in a negative outputs

Risk Assessment The systematic approach to identify the relative and subjective risks 
in the laboratory, their probability of occurrence, and their severity 
or impact in case they occur 

Sterilization The process of the elimination of all living microorganisms including 
bacterial spores
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HAZARD AND RISK

Every profession involves certain risks to the health and life of the employee with refer-
ence to the nature of the work done. Any source or condition that has the potential to 
cause injury, disease, harm or damage is called hazard. Risk is the probability of the oc-
currence of the hazard and the degree of severity that may occur when this possibility is 
realized. Not every danger poses a risk and every risk has a certain degree. For instance, 
lion is a dangerous animal, with a high risk of harm. However, a lion in a cage is still dan-
gerous, but the risk of damage is low (Figure 2.1).

Figure 2.1. Not every danger is a risk, and not every risk is a danger!

In order to evaluate the risk and hazard, it must be detected first. The captain of the 
Titanic ship, Edward J. Smith, was quoted in the New York newspaper in 1907:

‘Among the experiences I’ve had all my life, I’ve never encountered anything worth tal-
king about accidents. I have seen only one troubled ship in the sea throughout my life. 
Hence, I have never seen a ship wreck, nor have I experienced a disaster as a result of a 
ship wreck.
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As it is known, the Titanic transatlatic sank on April 15, 1913, claiming the lives of more 
than 1,500 people, and the captain of the ship was Captain Edward J. Smith, who had 
made the above statement. This very statement of the captain indicates that there is a 
perception problem regarding the awareness of dangers and risk management. There-
fore, keeping this example in mind, it must be known that it is necessary to identify the 
sources of risk and hazard that may occur prior to and during the operation process in 
the laboratory.
Risk assessment in the laboratory is the most important and essential part of safety. The 
risks in the laboratory basically involve three parts:
• Biological hazards
• Chemical hazards
• Physical hazards
This book will focus solely on biological hazards. The probability of exposure to biohaz-
ard can be determined by three main factors. The first is the person’s level of experience 
in the job and how well he/she is following the rules of safe working. Second one is the 
risk involved during the experiment process and the possibility of being exposed to 
danger during this process. The third factor is to what extent mitigating / preventive 
steps have been taken to reduce the likelihood of exposure to hazard (Figure 2.2).

Figure 2.2. Diagram of probability of exposure to danger

There are many methods used in the calculation of risk level, including those based on 
computer programs. But in the simplest way, the risk level can be calculated by multi-
plying the probability of occurrence of risk by the effect of the risk (Figure 2.3).

Possibility of 
exposure to hazards 

during tests and 
operations 

Individual’s 
knowledge, experience 

and working safely 
according to rules 

Arrangement of activities 
to reduce the likelihood of 

exposure 

Possibility 
of exposure to 

hazards 
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Figure 2.3. Risk level determination matrix

Once risks are identified, they must be managed in a specific order. Risk Management 
should be performed according to the Plan-Do-Check-Act (PDCA) cycle (Figure 2.4).

Figure 2.4. PDCA cycle in Risk Management

HAZARD and RISK CONTROL
      
Control of hazard and risk consists of four different stages. The primary step of the pyra-
mid is that the personnel should take the necessary precautions to protect themselves 
and also comply with these precautions. The second step of the pyramid consists of tak-
ing administrative precautions. At this step, the rules are created, put in writing, known 
to everyone, and above all, applied by everybody in the laboratory. Engineering pre-
cautions often involves activities such as infrastructure investments to be made and 
equipment to be provided by the senior management. These precautions are costly, yet 
the results are very effective. Ultimately, at the very top of the pyramid is the elimination 
of risk. This is definitely the most effective step, but not always a possible option. Choos-
ing harmless or less harmful materials instead of certain carcinogenic materials used in 
laboratories can be cited as an example at this point (Figure 2.5).

DOCHECK

ACTPLAN

5X5  Method The Severıty of the Result

POSSIBILITY OF 
EVENT

1
Damage and 

injury-free accident

2
Minor injury requi-

ring first aid

3
Injury requiring at 
least 3 days of rest

4
Serious injury or 

illness

5
Accident involving
1 or more deaths

1  Once a year Anlamsız Düşük Düşük Düşük Orta

2  Once every 3 
months

Düşük Düşük Düşük Orta Orta

3  Once a month Düşük Düşük Orta Orta Yüksek

4  Once a week Düşük Orta Orta Yüksek Yüksek

5  Every day Düşük Orta Yüksek Yüksek Tolere edilemez
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Figure 2.5. Control of risk and hazard

In summary, laboratories are the work environments that harbor many hazards. Howev-
er, a safer work environment will be possible by being aware of certain risks, identifying 
and assessing them, and taking steps towards controlling these risks and taking preven-
tive precautions. Risk assessment activities should be repeated annually. However, they 
should also be carried out in cases of change of location or inclusion of a new analysis.

Individual Measures

Administrative Measures

Engineering
Measures

Eliminate
the Hazard
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Mikroorganizmalar, deney hayvanları da dahil olmak üzere hayvanlar, bitkiler, toksinler, 
enzimler, allerjenler, kontamine vücut salgı ve sıvıları gibi canlılar üzerinde zararlı etki 
yaratabilecek her türlü biyolojik kökenli ajan/etken ve maddeye biyolojik tehlike denir. 
Biyolojik Tehlike İşareti; orjinali beyaz zemin üzerine kırmızı halkasal daireler şeklinde 
tasarlanmışsa da uyarı mahiyetinde sarı zemin üzerine siyah renkli veya kırmızı üzerine 
siyah versiyonları da bulunmaktadır (Figure 3.1).

Figure 3.1. Biohazard Warning Sign

Pathogenic microorganisms in particular studied in the laboratory include parasites, 
fungi, viruses, bacteria and their toxins (Figure 3.2).
Contamination can take place in two forms either directly and indirectly. Contamination 
without any intermediary source between the source of contamination and the infected 
microorganism is called direct contamination. The transmission of the infectious agent 
through living and non-living mediators that are contaminated by this factor is called 
indirect transmission.

SECTION

3
BIOLOGICAL HAZARDS
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Figure 3.2. Pathogenic microorganisms

Direct transmission may take place in the following ways:
• Respiration
• Digestion
• Skin and contact with mucous membranes
• Sexual intercourse
• Genetic transfer
• Blood transfusion or organ transplantaion
In indirect contamination, carriers are classified in two groups.
• Mechanical or biological transmission through vertebrates or invertebrates
• Mechanical transmission through lifeless intermediaries (injectors, pipettes, combs, 

etc.)
In the laboratory, infectious agents are most commonly transmitted through inhalation 
or ingestion of aerosols, puncture of the skin or direct contact with the skin or through 
mucosal ways (Figure 3.3).

Toxins

Bacteria

Virus

Fungi

Protozoa

Biological 
risk 

factors
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Figure 3.3. Ways of transmission of infectious agents in the laboratory

Aerosols are solid and liquid particles that are suspended in the air, and many labora-
tory processes can produce aerosols (Figure 3.4). While infectious agents in aeroseles 
can be transmitted through direct respiration, they can also be transmitted through 
the mucosa and skin with the contact of hands on surfaces. Microorganisms frequently 
transmitted by way of aerosols in the laboratory include Brucella spp., Francisella spp., 
Coxiella spp., Mycobacterium tuberculosis. Laboratories in which such microorganisms 
are extensively studied pose risks for both laboratory workers and the community if 
necessary precautions are not taken. However, since it is generally not known what kind 
of pathogen exists in the material being worked on, it is necessary not to neglect safe 
microbiological techniques when performing aerosol generating operations (centrifu-
gation, pipetting, etc.), and every specimen should be treated as though these factors 
are present. If aerosol generation cannot be prevented, mask and / or biosafety cabin 
must certainly be used.

Figure 3.4. Processes leading to aerosol generation in the laboratory

Cutaneous 
Transmission

(cutter-piercer
injury)

Respiration
(aerosol inhalation)

Direct contact

Swallowing
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Transmission through worn-out skin is one of the most frequent cases encountered by 
laboratory workers. The greatest risk in this transmission is the injuries caused by sharp 
objects, and the most common type of percutaneous injury in health workers is pricking 
of a needle (Figure 3.5). In percutaneous injuries, there is a risk of transmission of many 
agents, especially blood-borne viruses such as HBV, HCV, HDV and HIV. For this reason, 
in order to prevent contamination through skin and mucous membranes, contaminat-
ed materials such as syringe needles must be disposed of in special medical waste bins.
The risk of transmission in these types of accidents is determined according to the fol-
lowing four main factors:
• Whether the needle is empty or full,
• How deep the wound is (the deeper the wound is, the higher the risk gets),
• The virus intensity in the human / animal from which the specimen has been taken,
• Whether the wound has been washed after the injury.

Figure 3.5. Injury caused by sharp objects in the laboratory

In the event of any sharp object injury, the following operations should be performed:
• Immediately flush the area with water and soap after injury.
• Allow the wound to bleed and flow under the water.
• Get band-aid from the first-aid cabinet and apply it on the bleeding area (Figure 

3.6a).
• Inform the person in charge of the laboratory.
• Always consult to a specialist doctor for the injury.
• Record the incident in detail in the Accident Notification Form of your laboratory 

(Figure 3.6b).
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Figure 3.6. First Aid Cabinet (a) and Laboratory Accident Notification Form (b)

During laboratory studies, aerosols and splashing materials are risky in terms of trans-
mission on infected surfaces. Microorganisms such as Escherichia coli, Salmonella sp., 
Staphylococcus aureus, Candida albicans, Hepatitis A virus and rhinovirus can survive 
on contaminated surfaces for months. When the hands touching these contaminated 
surfaces are taken to the mouth, it is possible to get many infections by ingestion of 
the mucosa. In terms of laboratory safety, healthcare workers should never touch con-
taminated surfaces with bare hands. The rules to prevent such laboratory infections are 
listed below:
• Regular cleaning of laboratory surfaces.
• Decontaminating surfaces after spillage or dispersal.
• Frequent washing of hands (Figure 3.7).

Figure 3.7. Handwashing procedure in the laboratory
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Because microorganisms can survive on inanimate surfaces for a long time, mobile 
phones are also a potential source of infection and should not be contacted while 
working in the laboratory (Figure 3.8).

When working in the laboratory, mobile pho-
nes should be kept away from the work area 
and not touched with contaminated gloves.

Figure 3.8. Inappropriate use of mobile phones in the laboratory

The most common cause of infection by ingestion during laboratory studies is pipetting by 
mouth (Figure 3.9a). In addition, the splashing of infected material into the mouth, taking 
the hand to the mouth, or consuming food or drinks in the laboratory are also among the 
most common causes of transmission by ingestion. In order to prevent contamination by in-
gestion, no matter what the reason is, pipetting should not be done by mouth, food should 
not be kept and consumed in the laboratory. There are different types of pipettes to be used 
according to the properties of the materials studied in the laboratory (Figure 3.9b).

Figure 3.9. Incorrect application of the pipette (a) and types of pipette (b)

In the laboratories, injuries caused by the bites or scratching by laboratory animals may 
also take place. In the studies to be carried out with laboratory animals, it is compulsory 
that operations be carried out by authorized persons who have a valid certification
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BIOLOGICAL RISK GROUPS
      
Biological risks are caused by microorganisms and the factors related to the operations 
performed, so it is mandatory that control precautions be taken. Risk groups of micro-
organism origin have been identified by World Health Organization (WHO) (Table 3.1).

Table 3.1. Microorganism risk groups

Risk Group 
(RG) Feature Example

RG-1
There is little or no risk of causing 
illness to the individual or to the 
community.

Bacillus subtilis
Escherichia coli

RG-2 It poses a moderate risk to humans 
and animals, but its social risk is low.

Escherichia coli
Streptococcus pyogenes
Candida albicans
Herpes simplex  virus tip 1

RG-3 Risk is high in humans, but social risk 
is low.

Shiga toksin 
Escherichia coli
Mycobacterium tuberculosis
Shigella dysenteria tip 1
Echinococcus granulosus

RG-4 Personal and social risks are high.
Crimean-Congo hemorrhagic fever 
virus
Ebola virus

BIOAFETY LEVELS
    
The level of biosafety includes applications for the control of biological risks, laboratory 
physical conditions and safety equipment. As the risk level of microorganisms studied 
in the laboratory increases, the level of biosafety of the laboratory should be increased 
as well.
Factors affecting the level of laboratory biosafety are listed below:
• The type of the lab work or test,
• The possibility of the material to be transmitted through aerosols,
• Natural structure of the material (solid or liquid),
• Volume of the specimen and microorganism load in the specimen.
In this context, the Biosafety Level of a laboratory (BGD) consists of four different levels. 
(Figure 3.10). The laboratories where human and animal specimens are studied should 
have a minimum BGD-2 level.
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Figure 3.10. Biosafety levels

Biosafety Level – 1 (BSL-1)
Training laboratories where operations that do not carry any risk factor for people are at of 
BGD-1 level and the staff in these laboratories work on unprotected counters (Table 3.2).

Table 3.2. Characteristics of Biosafety Level-1 (BSL-1) Laboratories

Application Work 
medium

Basic security 
precautions to be taken

Characteristics of the 
Laboratory

Basic 
microbiological 
applications

Non-pathogenic 
microorganisms

Bacillus subtilis

On open 
counter

Sharps bins
 
Personal protective 
equipment (PPE)

Has a separate door from 
the office

Work surfaces are durable 
and clean

Has a hand wash basin

Biosafety Level – 2 (BSL-2)
If the laboratory contains applications for human and animal specimens, it should be 
at least BGD-2 level. (Table 3.3). Such laboratory workers are required to be trained in 
biosecurity and work safety.

Table 3.3. Characteristics of Biosafety Level – 2 (BSL-2 ) Laboratories

Application Work 
medium

Basic security 
precautions to be taken

Characteristics of the 
Laboratory

Basic 
microbiological 
applications
E. coli
S. aureus
S. pneumoniae
C. albicans
T. gondii

Biosafety 
Cabinet

All safety equipment
Atuoclave (Outside the 
lab)
PPE

Restriction and biohazard 
warning symbols must be 
placed at the laboratory 
entrance.
Automatic door
Eye and body shower
Hand wash sink close to 
the exit
Closed windows

BGD–1

BGD–2

BGD–3

BGD
4
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Biosafety Level – 3 (BSL-3)
It is the type of laboratory where agents of high risk that pose high risk to laboratory 
workers and may spread to society are studied (Table 3.4). Staff working in the BGD-3 
type laboratory should receive special training. The number of such laboratories in our 
country is remarkably small. 

Table 3.4. Characteristics of Biosafety Level-3 (BSL-3) Laboratories

Application Work medium
Basic security 
precautions to be 
taken

Characteristics of the 
Laboratory

Biological agents 
that may pose a 
serious risk

M. tuberculosis
Brucella spp.
F. tularensis
HIV (Culture)

Biosafety 
cabinet

Special 
laboratory 
environment

All safety equipment

Atuoclave (Inside the 
lab)

PPE

Access to laboratory 
entrance through two-
stage and air-locked 
chambers

Automatic door

Eye and body shower

Hand wash sink close to 
the exit

Windows must be sealed 
and kept closed

The air pressure of the 
laboratory is negative 
compared to the external 
environment. The 
released air should be 
passed through the HEPA 
filter and sent out of the 
laboratory.
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Biosafety Level – 4 (BSL-4)
It is the type of laboratory that involves a high risk for the employees and the society 
alike, where percutaneous and aerosol-mediated agents that are of high risk of spread 
are studied. (Table 3.5).

Table 3.5. Characteristics of Biosafety Level-4 (BSL-4) Laboratories

Application Work medium
Basic security 
precautions to be 
taken

Characteristics of the 
Laboratory

Biological agents 
that may pose a 
serious risk

Crimean Congo 
Hemorrhagic 
Fever

Smallpox Virus

Ebola Virus

Class III 
Biosafety 
Cabinet (With 
Flue)

Separate special 
building or 
laboratory 
environment 
with a separate 
entrance

All safety equipment

Atuoclave (Inside the 
lab)

PPE

Special protective 
clothing with positive 
pressure

Two-stage, airlock entry

Exit with a shower

Special waste system
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BIOSAFETY

All the measures taken, innovative approaches and technologies that aim to protect 
people, the environment and all others around us are called biosecurity. International 
standard biosafety measures to be taken for microbiological studies are as follows:
• Before starting to work in the laboratory, everyone must be given laboratory bio-

safety training.
• No one should start working in the laboratory without taking this training.
• There must be a Biological Hazard Warning sign at the entrance of laboratories with 

Biosafety Level-2 and above.
• There must be a Biological Hazard Warning sign at the entrance of laboratories with 

Biosafety Level-2 and above (Figure 4.1).
• Entrance and exit to the lab must be restricted, and unauthorized persons must not 

be allowed to enter. Children under 12 years of age should be restricted from en-
tering the laboratory. The laboratory door must be kept closed when working with 
pathogens (Figure 4.2).

Figure 4.1. Biosafety Hazard Sign

 

Personnel Only

BIOHAZARD

Biosafety Level 2
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Figure 4.2. Controlled entry-exit to the laboratory

• Animal and plant entrance to the lab must be prevented (including insects and spi-
ders).

• Clean and dirty areas in the laboratory must be separated from each other.
• If phones, watches, computers, books, pens etc. have been used in contaminated 

areas in the lab, they must be decontaminated.
• Lab coats must always be worn in compliance with the laboratory safety standards 

and left in the laboratory after the study is completed (Figure 4.3).
• Hands must be washed before and after laboratory work (Figure 4.4).

Figure 4.3. Proper use of lab coat

1. Soak your hands
2. Soap your hands
3. Wash at least for 20 seconds
4.-5.-6. Wash the palm and back of your 

hand, sides of your fingers and the 
inside of your hand

7. Rinsing
8. Drying

WASH YOUR HANDS

Figure 4.4. Standard handwashing process in BSL-2 laboratories

4

Do not wear 
your lab coat outside the 

laboratory!

Do not take them home to 
wash!

Entrance and exit to the 
laboratory must be controlled



21

SECTIONBiyogüvenlik
4

• Personal belongings (bags, coats, etc.) should not be allowed into the laboratory.
• Food and drink should not be kept and eaten in the laboratory. (Figure 4.5).
• Lab personnel should not wear make-up in the laboratory; they should not wear 

open shoes or slippers (Figure 4.5). Contact lenses should not be worn or removed 
in the laboratory.

Figure 4.5. Improper behavior in the laboratory should be avoided.

• While working in the laboratory, hair should be tied up and there should be no 
jewellery such as rings on hands.· 

• Laboratory workers should timely and regularly be vaccinated.
• Laboratory workers must use Personal Protective Equipment (PPE) (Figure 4.6).
• Safe storage and transport of laboratory samples must be ensured.
• Pest control program should periodically be carried out in the laboratory.
• Laboratory waste should be disposed of properly in accordance with the waste 

disposal procedures.

Figure 4.6. Personal Protective Equipment (PPE)

• Visual and audible warning signs, information, posters and pictures should be used 
against hazards. (Figure 4.7).
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Figure 4.7. Warning signs and notification on laboratory hazards

BIOSECURITY
    
All the institutional and personal measures taken to prevent unauthorized provision or 
abuse of pathogens and toxins, vaccines and pharmaceutical products, such as microor-
ganism stocks, and high-risk biological materials, are called bio-security. Biosafety and 
biosecurity requirements and obligations must be ensured. Measures to be taken in this 
context are as follows:
• “Bio-Security Program” should be developed for the laboratory.
• Intentional or unintentional removal of high-risk biological materials from the labo-

ratory should be avoided.
• Laboratory risk assessment should be carried out.
• Physical, employee, material, information and inspection security should be estab-

lished.
• “Emergency Action Plan” should be developed.
• Instructive training should be provided on these issues
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The basic principle in biosafety measures is to prevent the spread of pathogens while 
working with infectious material and to create a safe and effective laboratory for work-
ers, society and the environment. Safe laboratory practices that minimize or eliminate 
the risk of contamination require a two-stage restriction. In order to provide the primary 
restriction, devices and tools such as biological safety cabinets, fume hoods and capped 
centrifuges are used for the prevention of transmission to persons directly working on 
the microbe. The prevention of the spread to both workers and the environment re-
quires a secondary restriction, which is to do with the appropriate design of the labo-
ratory.
Laboratories, particularly where infectious materials are studied, should be located and 
established in such a way that they are not affected by natural disasters such as land-
slides, floods and earthquakes.
The following measures should be taken to this end:
• Systems that automatically cut off gas flow should be used against fire hazards.
• In addition to compressed gas cylinders, mechanisms to fix heavy duty equipments 

should be used.
• The laboratory should not have an open shelf, if possible; if there is, there must be 

at least 1 cm high protection band in front of it in order to prevent the hazardous 
chemical or biological material from falling and causing damage (Figure 5.1).

• All materials with a risk of spillage and dispersion must be kept in secondary con-
tainers.

• Chemicals must be stored on shelves below the eye level.
To prevent the spread of microorganisms, the laboratory work areas must be separated 
from office and recreation areas (Figure 5.2). The ideal biosafety level 2 laboratory de-
sign proposed by the World Health Organization is shown schematically in Figure 5.3. 
Personal items must be kept in the cupboards outside the laboratory.
Laboratory doors should be self-closing so that they do not require manual contact. 
In the case of a problem in the laboratory, there should be an observation window to 

SECTION

5
LABORATORY DESIGN
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facilitate intervention (Figure 5.4). There should be a biosafety sign and hazard warnings 
on the door and precautions should be taken to prevent unauthorized persons from 
entering the laboratory. Laboratory windows should preferably not be opened, but if 
they can be opened, there should be mosquito nets for pest control.
The laboratory floor must be covered with non-absorbent and non-slip material that 
can easily be cleaned and decontaminated, and which is resistant to scratches, paints, 
moisture, high heat and chemicals. If possible, it is recommended that the floor-cover 
be single piece with a high finish on the sides of the walls against spills.
Laboratories should preferably take natural daylight and sufficient direct or indirect illu-
mination should be provided. The electrical installation must meet the needs of the lab-
oratory and have enough number of power outlets. Cables must be located high above 
the ground and inside the cable routes. Suitable fuses and leakage current relays must 
be used for earthing and insulation. Access to high voltage areas must be restricted and, 
if necessary, the main switch must be located in an easily accessible place in order to 
disconnect the current when necessary.
The washbasin (hand wash) and eye shower should be close to the laboratory exit and 
preferably pedal-controlled or automated. Liquid soap mechanism and paper towel 
machine should also be automatic.
Adequate work spaces should be provided for the personnel when calculating the labo-
ratory size. The recommended space per person is about 1.5 square meters. While plac-
ing the devices in the laboratory, adequate space should be left for the personnel.
Stools and chairs must be made of liquid-proof, easy to clean and decontaminable 
material. The chairs should ergonomically support the back and waist and their height 
should be adjustable. It is recommended that stools should have rings for foot rest.

            

              Figure 5.1. Safe shelf systems                             Figure 5.2. Proper laboratory design

In microbiology laboratories, all areas where technical operations are performed should 
be considered as contaminated areas. Laboratories should be designed so as to al-
low the work to flow from clean to contaminated and samples in only one direction. 
This design should cover all levels and be planned separately at the biosafety cabinet, 

Sampling Laboratory

LoungeOffice
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counter, room and laboratory level. Clean areas should not be entered with materials 
being worked on or personal protective equipment, and computers and mobile phones 
should not be handled with gloves. Clean areas should frequently be decontaminated.

Laboratuvarlar da biyogüvenlik yanısıra biyoemniyete yönelik önlemler de alınmalıdır. 
Biosecurity measures as well as biosafety measures should also be taken in laborato-
ries. Intentional or unintentional removal of valuable biological materials out of the lab-
oratory should be prevented. For this purpose, physical security measures should be 
taken to detect and prevent harmful activities such as theft or damage, etc. Retention 
methods include exterior measures such as locks, controlled entrances and fences, and 
indoor measures such as locks and lockers. Alarms, video cameras and patrols can be 
used to detect such harmful actions. In order to ensure the security of the personnel, the 
authorizations and responsibilities need to be identified. If possible, a person responsi-
ble for biosecurity in the laboratory should also be assigned. Regular and up-to-date 
inventory should be kept to ensure the security of the materials. Within the scope of 
legal obligations, all kinds of data, especially personal information, should be secured 
and access to databases should be restricted and encrypted. However, these measures 
should not interfere with the daily activities of the personnel or the studies already in 
progress.
In summary;
• Laboratories should be designed and situated so as to be least affected by natural 

and human-induced disasters.
• In laboratory design, in addition to biosecurity measures, effective uses should also 

be considered.
• A sufficient work space should be designated for each person, allowing the effective 

use of the devices.
• The work flow should be designed from clean to contaminated.
• Biosecurity should not be neglected; physical security should be ensured and secu-

rity measures to protect the material and data should be taken.

Figure 5.3. Ideal Biosafety Level 2 laboratory design proposed by the World Health Organization 
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Figure 5.4. Observation window on the laboratory door
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Any device, instrument or material intended for the use of personnel by wearing, car-
rying or wearing for protection against one or more health and / or safety hazards is 
defined as Personal Protective Equipment (PPE). In other words, it is the general name 
given to the equipment that protects the person from risk by being placed between the 
worker and the laboratory hazards that cannot be elimiated.
The PPE is an essential part of laboratory safety, in addition to the proper work practices 
and necessary engineering measures (laboratory layout, ventilation, ergonomics, etc.), 
which are vital to the proper planning of a laboratory. When properly selected and used 
correctly, PPE is known to be effective in minimizing individual exposure. However, it 
should be kept in mind that when used in conjunction with other protective and pre-
ventive measures that must be present in the laboratory, PPE contributes to the protec-
tion of personnel and cannot be replaced by structural requirements.
Once risk assessment has been made, PPEs that will protect the worker against each 
identified hazard should be selected correctly. When making this selection, the possibil-
ity of an accident and the potential severity of this accident should be considered, and 
the most appropriate PPE should be selected to provide protection against any present 
or probable hazard.
The selected PPE should fit with the body size of the person to bee protected. Personal 
items such as gloves, goggles or coats should be provided after determining the per-
son’s body measurements so that each employee could get the most suitable protective 
equipment. If possible, adjustable personal protective equipment should be preferred. 
The pieces of PPE that should be present in a laboratory where biological materials are 
studied are as follows (Figure 6.1):
• Lab coat
• Protective Gloves
• Protective Goggles and face shields
• Protective Mask
• Lab shoes / slippers
• Hair protector

SECTION

6PERSONAL PROTECTIVE 
EQUIPMENT
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LAB COAT
    
The risk of causing harmful effects on health through 
toxic, pathogenic, virulent and dangerous substances 
splashing on the lab personnel should always be of ut-
most priority. For this reason, the simplest and most ef-
fective way to protect against such hazards is to wear the 
most proper lab coat. The fabric of the lab coats should 
be selected appropriately in terms of type and size and 
models that are buttoned in the back should be preferred 
especially for jobs that require sterile work (Figure 6.2).
When lab coats are contaminated with any kind of biolog-
ical substance during laboratory work, the process should 
be interrupted, the lab coat should be changed and 
if there is contact with the skin, contaminated part 
should be washed immediately with plenty of water 
and soap. It is not appropriate to use disposable lab 
coats again even if they are not visibly dirty, consid-
ering that they may be structurally deformed.
The features that should be found in a standard lab 
coat are as follows (Figure 6.3):
• The front part of the lab coat should be button-

able from the knee up to the neck.
• The coat must have long sleeves with snap fas-

teners or rubber cuffs on wrists.· 
• Since short coats are less protective against spills, they should be at knee level.
• They should easily be taken off in case of spill or scatter (snaps, etc.).
The most important misuse is that lab coats 
are not taken off while going out of the labo-
ratory to offices, lounges or dining halls. The 
lab coat should be reserved for use only in 
the field of duty, and if it is necessary to wear 
a coat within the premises of the institution, 
another coat with different colors - if possible 
-should be provided to be worn outside the 
laboratory.
Lab coats should be washed in the laboratory 
and never taken out of the laboratory / workplace. (Figure 6.4).

Figure 6.1. Proper PPE use

Figure 6.3. Standard Lab Coat

Figure 6.2. Sterile Lab Coat
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Figure 6.4. Lab coats should not be taken out of the laboratory / workplace. 

Particularly, the removal of coats buttoned in the back, which are used when handling 
agents with high risk of contamination, requires great attention. Keeping the possibility 
of contamination in mind, the contaminated face should always be turned outward and 
folded by rolling. When taken off, only the clean side should be seen (Figure 6.5).

Figure 6.5. Wearing (1,2) and taking off (3,4,5) the lab coat

PROTECTIVE GLOVES
    
One of the most commonly used and most important protective equipment in the lab-
oratory are gloves. It is an absolute necessity to protect hands by using appropriate 
type of gloves against risk-bearing factors such as contact with biological factors, toxic 
/ caustic chemicals or hot / cold surfaces.
Not all types of gloves can be protective against all types of danger. A glove designed 
for hot contact cannot be used for cold. The structure of gloves used against chemicals 
is also different from those used against biological agents. For this reason, there are 
gloves on the market made of various materials suitable for the kind of agent that is 
being worked on (Figure 6.6). The type of the glove should be chosen in accordance of 
the nature of the work done in the laboratory. It is also necessary to know how long the 
glove can protect your hand from any potential risk. In addition, it should be ensured 
that the glove is fully fitted in the user’s hand and does not restrict hand movements 
during the operation.
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Gloves can be made of fabric, synthetic leather, natural or synthetic rubber, or different 
materials depending on the purpose of use. While working in the laboratory, in case 
of a risk of exposure to the following hazardous situations, appropriate type of gloves 
should be selected and used to ensure hand protection:
• Absorption of harmful substances through skin
• Serious cuts or injuries
• Serious bruises
• Puncture or injury of the skin
• Chemical burns
• Exposure to irritating substances
• Thermal burns

Disposable or surgical gloves are generally made from rubber, nitrile or vinyl, and are 
frequently used in microbiology laboratories. The type of gloves to be used should be 
determined according to the type of the hazard (biological, chemical, physical, etc.), 
user-dependent properties (such as rubber allergy), the nature of the work and working 
conditions. Latex and nitrile gloves in particular are more suitable for biological risks. 
While working with chemicals other than oxidizing agents or aromatic solvents such 
as strong toxic and caustic chemicals, nitrile gloves must be selected. Gloves made of 
materials such as artificial leather, thick fabric, thick knitting yarn or heat resistant Kevlar 
are resistant to cold damage. To protect against high temperatures, gloves made of alu-
minum-blended materials should be available. Staff working on extremely low heat ele-
ments such as liquid nitrogen tank, ultra-cold-freezer and dry ice must be provided with 
suitable gloves. There are certain points to be taken into consideration when removing 
gloves. The first glove is held by the mouth, then inverted before pulled out (Figure 6.7-
1). The first glove that has already been removed is placed in the other gloved hand and 
held by the bare hand from its mouth. This glove is also turned inside out and pulled 
down to remove from the hand (Figure 6.7-2). In this way, the first glove will remain in-
side the second (Figure 6.7-3). After use, gloves must be properly removed and disposed 
of in the medical waste bin. Lab workers should be trained and warned about correct 
glove removal, as incorrect removal of the glove may cause contamination and disease 
risk. Hands should always be washed after removing the gloves (Figure 4.6-Part 4.)

Figure 6.6. Gloves in different structures to protect hands from (a) 
heat and (b) cold

A B
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Figure 6.7. Removal of used gloves

Figure 6.8. Used gloves should be disposed of in the medical waste bag.

PROTECTIVE GOGGLES and FACE SHIELDS
    
One of the body parts that are most likely to be exposed to risks, such as splashing, con-
tamination and burning, is the eyes. For this reason, glasses and face shields are used to 
protect the eyes from contamination through chemicals, irritants such as radioactive or 
toxic elements and particles that lay the basis for infections by posing physical damage. 
Appropriate eye and face protection equipment should always be used in laboratories 
against the risks of splashing of particles from materials such as liquids, vapor, gas or 
dust and mediums of high heat. Safety glasses are necessary when there is a risk of 
collision or in the event of splashing while pipetting, mixing, portioning and centrif-
ugation, or when working with harmful chemicals. It should be noted that the use of 
contact lenses does not provide any protection for the eyes. Particles that reach into the 
eye through splashes may remain between the contact lens and the cornea, making it 
difficult to remove. This may pose a risk to the eye both mechanically and microbiolog-
ically. For this reason, when working in the laboratory, eyes should be protected with 
protective glasses or face shield if the lenses are to be used (Figure 6.9).
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Figure 6.9. PPE used in Eye and Face Protection, (a) googles, (b) full safety glasses (diving type) 
gözlük ve (c) face shield (d) UV Protection Glasses

Conditions requiring protection of eyes and face;
• During sonication or homogenization procedures that may pose risks of particle dis-

persion and splashing,
• During the process of pipetting or dispensing of liquids that may cause infection 

and transmission,
• During operations in which there are risks of splashing, spilling or dispersion of part-

icules,
• During the cleaning of contaminated surfaces in the laboratory,
• If there is a risk of radioactive contamination or toxic chemical splashing,
• When there is a need to work with contact lenses, 
As is the case with glove removal, it is necessary to pay attention to the removal process 
due to the fact that the outer surfaces of PPE used to protect the eyes may have been 
contaminated. While removing the goggles, they should be held from the earpieces 
and the headband, and its outer surface should be avoided from contact with the eyes. 
Cleaning of contaminated PPE should be implemented using detergent and water, and 
flushed with water. If there are biological splashes on it, it should be cleaned using 70% 
ethanol.
To protect the eye, face, mouth and nose, face shields should be used in laboratories 
where microbiological or other biological samples are studied. Face shields must be 
large enough to cover the entire face. In the event of an emergency, it should easily be 
removed or folded backwards, allowing immediate cleansing of the splash area (Figure 
6.10).
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1 2

3 4

Figure 6.10. The use of goggles (1,2) and face shield (3,4)

PROTECTIVE MASKS
    
They are the equipment used when working with biological materials in the laboratory 
to prevent the effects of aerosols, smoke, vapors and solid or liquid particles spreading 
to the environment. The mask should be user friendly, appropriate to the user’s face 
and selected properly for the anticipated risks. When in use, it should fully cover the 
mouth and the nose. Generally, while the term “mask” refers to “surgical masks”, there 
are also special masks used against particles and gases. In addition, there are also such 
breathing systems called “respirators”, which allow the individual to breathe the filtered 
air from outside or the air from the tube (Figure 6.11).

Figure 6.11. Surgical mask (1,2) and respirator types (3)
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When working in microbiology laboratories and with aerasols in particular, the priority 
in personal protection plans is always to use a biosafety cabinet (Figure 6.12a). Further-
more, during studies with some high-risk respiratory tract pathogens, in addition to us-
ing BSL-2 cabinets, a mask must also be worn (Figure 6.12b).
There are certain steps to be considered while wearing and removing the mask (Figure 
6.13a, b, c, d). After the mask is worn, the upper metal part is to be tightly closed by 
pressing on both sides of the nose (a). The upper threads of the mask are to be fixed, 
tying them at the upper back of the head (b). Finally, the lower threads of the mask are 
tied under the chin.) Prior to the lab work, the mask must be checked to see whether it 
fully covers the mouth and the nose (Figure 6.13).

Figure 6.12. When working with high-risk respiratory tract pathogens,  
the mask and the biosafety cabinet should be used together. 

Figure 6.13. Correct wearing of a mask

LABORATORY SHOES / SLIPPERS
    
Laboratory shoes or slippers should be fully enclosed, made of leather, artificial leather 
or rubber should be liquid-proof. In BSL-1 laboratories, the front of the shoes worn in 
laboratories can be open. Sandals and similar types of shoes that leave fingers in the 
open are not suitable for the laboratory. Slippers or shoes in laboratories where biolog-
ical risks are involved should not be taken out of the working area, considering the risk 
of contamination in the outer environment.

A B
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During short-term studies and in low-risk laboratories (e.g. cell culture laboratories), ga-
loshes can be used for environmental safety. In this case, necessary preparations must 
be made for wearing and removal of disposable galoshes at the entrance of the labora-
tory and medical waste bins should be placed. After the use of galoshes, hands must be 
washed with soap. Slippers / shoes to be used in the laboratory should be of different 
color and type from those to be used outside the laboratory.

HAIR PROTECTOR
    
Hair that is longer than 15 cm may enter the rotating parts of the machines or tangle 
with suction devices and blowers. The hair can even be pulled into machines that are 
covered with protection. What’s more, open hair may catch fire from open flame or any 
source of heat. Laboratory personnel with long hair should cover and protect their hair, 
wearing hats, bonnets or bandanas.

HOW TO WEAR and REMOVE PERSONAL PROTECTIVE EQUIPMENT
    
One of the situations where the risk of contamination is high is the lack of due diligence 
and care during the wearing and removal of PPE. In order to avoid this risk, it is neces-
sary to follow a specific order. In order to remember easily, it will be better to follow the 
reverse order of wearing while removing them. While wearing the PPE, order of wearing 
should be aprons, masks, goggles and gloves. Thus, when ready, you can set to work 
with clean gloves (Figure 6.14). Keeping in mind while undressing that hands will be 
contaminated, firstly gloves should be removed, then goggles, masks and finally aprons 
should follow (Figure 6.15).

1. Lab coat 2. Protective Mask

3. Protective Goggles 4. Protective Gloves

Figure 6.14. Order of wearing PPE
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Ensuring the safety of a material, equipment or environment from hazards is called 
decontamination. Decontamination consists of disinfection and sterilization processes.

DISINFECTION
    
Disinfection is the process that is applied to surfaces and materials and that destroys many 
of the biological living organisms. The substances and compounds used in disinfection 
processes are called disinfectants. Chlorinated compounds, 70% ethyl alcohol and isopropyl 
alcohol are among the most commonly used disinfectants.
Routine disinfection of surfaces and devices should be done as follows:
• When preparing the disinfectant solution, aprons, gloves and masks should be worn.
• The surface of the workbenches should be cleaned with 1/10 to 1/100 diluted 

hypochlorite solution or 70% alcohol (Figure 7.1).
• Diluted hypochlorite should be prepared daily.
• 1:50 – 1:100 diluted hypochlorite should be used for cleaning.
• 1:10 – 1:100 diluted hypochlorite should be used for decontamination.
• 1:10 diluted hypochlorite should be used for spillage and scattering.
• The manufacturer’s instructions and methods should be applied for decontamination 

of devices.
A biological spill kit should be available for use in accidents that may occur during 
laboratory work (Figure 7.1).
In the case of spillage or scatters in the laboratory, the following procedures and 
methods should be followed when intervening with the incident using the Biological 
Spill Kit (Figure 7.2). The intervention with the Biological Spill Kit should be carried out by 
trained personnel. Another method that can be used for the disinfection of laboratory is 
UV. However, it should be noted that UV radiation has a detrimental effect on the skin 
and eyes. In order to obtain maximum performance from UV lamps, it is necessary to 

SECTION
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regularly clean with 70% ethyl alcohol every 2 to 4 weeks and replace them after the 
expiry date.

Figure 7.1. Biological spill kits              Figure 7.2. Intervention using biological spill kits

STERILIZATION
    
Eradication of all living agents, including bacterial spores, from biological organisms 
is called sterilization. The acceptable number of microorganisms remaining after 
sterilization is 1x106.
Sterilization methods;
• Dry hot air
• Steam (humid hot air)
• Gases (Ethylene oxide, Ozone)
• Plasma (Hydrogen peroxide)
• Irradiation
• Filtration
• Chemical sterilization
Steam sterilization using autoclaves is the most common type of sterilization carried out 
in laboratories (Figure 7.3). For effective use of the autoclave, the following steps are to 
be followed.
• Drain valves should not be clogged
• Autoclave cabinet should not be overloaded
• The materials to be placed in the autoclave should allow the steam to circulate and 

penetrate easily within the device.
• Autoclave bags and containers that contain liquid should be filled up to 2/3 level.
• The mouths of bags and bottles should not be left loose.
• Plastic materials should always be autoclaved in containers resistant to high 

temperatures.
• After the sterilization process in the autoclave has been completed, before opening 

the device lid, the internal pressure must be reset and the temperature inside the 
cabinet should fall to 80°C.

USE
PPE REDUCE IMBUE DISINFECT CLEAN
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• The person opening the autoclave cover after sterilization should use PPEs such as 
heat and steam resistant gloves, goggles and face shield.

• At least 5 minutes should pass before opening the lids of liquid material containers.
• Autoclave bags to be used must be resistant to punctures and heat. Polypropylene 

ones should be resistant to 141°C and polyethylene ones to 121°C.

Figure 7.3. Laboratory type autoclave

Table 7.1. Autoclave temperatures and durations to be used for different purposes

Material Temperature Duration

Laundry 121 °C 30 min

Infectious waste 121°C 1 hour

Liquid wastes 121°C 1 hour

Animal wastes 121°C 8 hours

Feed lot sterilization 121°C 15 min

MONITORING AND CONTROL OF STERILIZATION EFFICIENCY
    
The sterilization process of laboratory materials after use can be implemented in three 
different ways: physical, chemical and biological. Regardless of the method chosen, 
every sterilization process must be monitored and recorded regularly. In the physical 
control, sterilization conditions (temperature, duration and pressure gauges, etc.) are 
controlled and the output is recorded. Chemical control allows monitoring of the load 
(heat, humidity, pressure, etc.) during the sterilization process, but does not provide 
information about whether the sterilization has been fully performed. Biological 
control is used as an indication that the sterilization process has been fully performed. 
This control method utilizes live microorganisms which are proven to be resistant to 
conditions during the sterilization process.
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To monitor the efficiency of sterilization, the steps of the sterilization process must be 
recorded (Figure 7.4). The information to be considered is as follows:
• The length of the sterilization process and the temperature
• The type of material sterilized (solid, liquid, medical waste, etc.)
• The person in charge of the sterilization and his/her unit
• Cleaning record after sterilization (who, when, how, etc.)
• Information regarding the failures, repairs, routine maintenance and calibration of 

devices used for sterilization
• Records of the results of physical (pressure, temperature, cycle records), chemical 

(autoclave tape, etc.) and biological (ampoules containing heat resistant bacteria) 
controls (Figure 7.5, Figure 7.6).

Figure 7.4. Laboratuvar sterilizasyon kayıt örneği

Figure 7.5. Autoclave tape

Figure 7.6. Use of Geobacillus stearothermophilus ampoules as a biological indicator in 
sterilization processes
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Any kind of substance that may come forth after 
laboratory operations and may cause harm to the 
person and the environment is called waste.
Waste management covers the following processes;
• Reduction of the waste at its source
• Separation of wastes according to their types
• Collection, temporary storage, recycling, trans-

port and disposal of waste and registration of 
all these processes

Waste types include household, medical, hazard-
ous chemical and radioactive wastes.
Household wastes are ordinary wastes and they are 
collected in black bags, while packaging wastes are 
collected in blue colored bags (Figure 8.1). Household and packaging wastes should not 
be mixed with medical and hazardous wastes and they must be collected, transported 
and stored separately.

MEDICAL WASTES
    
Infectious and pathological wastes (waste tissues, organs and body parts, etc.) are dis-
carded in red colored bags with biohazard marking (Figure 8.2).
Cutter-piercing wastes (syringe needles, other cutters with needles, scalpels, lam-lamel-
la, glass pasteur pipettes, broken glass pieces) are deposited in the sharps bins (Figure 
8.3). After three quarters of the sharps bins are filled, their mouths are tightly closed and 
placed in red plastic bags, never to be opened, emptied or used again.
Dye gels are also discarded as shown in Figure 8.4.

SECTION

8WASTES AND WASTE 
MANAGEMENT

Figure 8.1. Waste paper and 
household wastes
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Figure 8.2. Separation of infectious wastes

 

             
          Figure 8.3. Sharps bins                   Figure 8.4. Waste plan for dyed gels

DECONTAMINATION
    
It is a general term for sterilization, disinfection and an-
tisepsis operations that are implemented to eliminate 
microorganisms. Laboratories are legally accountable 
for collecting medical wastes and transporting them to 
temporary storage areas (Figure 8.5). After the wastes 
are collected at temporary storage areas, the final dis-
posal of wastes is under the responsibility of municipal-
ities.
Products to be decontaminated by lab personnel before 
disposal are listed in Table 8.1.
The following process should be followed in decontamination:
• Medical Wastes: Autoclaving should be carried out using autoclave bags. Waste bags 

must be resistant to moisture and pressure up to 140oC and have vapor permeability. 
Bags should be filled up to three quarters of their capacity and stored in secondary con-
tainers against any leakage (Figure 8.6).

8

· Use of dyes such as SYBR 
Green instead of ethidium 
bromide is recommended

· Gels containing <0.5 mg/
mL EtBr are thrown into the 
black general waste bag

· Gels containing >0.5 mg/
mL EtBr are put in a bag and 
placed in red medical waste 
bags

INFECTIOUS WASTES

AUTOCLAVED

Recyclable Material
(Glass)

Steel Bucket Autoclave Bag Sharps Bin

Disposable 
Material

Liquid Infectious 
Waste

Cutter-piercing 
Waste

Figure 8.5. Temporary waste 
collection area
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• Liquid wastes: They can be decontaminated 
with water containing 1/10 bleach.

• Cutter-piercing wastes: They can be auto-
claved in the autoclave bag.

• Pathological wastes: They are separated from 
other infectious wastes and collected in medi-
cal waste bags. The mouth of the bag is tightly 
tied so that it cannot be opened and it is stored 
in the freezer until collected. For decontamina-
tion, it is either autoclaved or burned at 1000°C.

The recommended autoclave temperatures and durations for waste decontamination 
are 1 hour at 121°C or 10 minutes at 134°C.

Table 8.1. Materials to be decontaminated

Material Examples

Culture and stock material with all kinds of repro-
duction

Bacterial strains

All kinds of material contaminated with body fluids Blood, peritoneum, body fluids, amniotic 
fluid, semen and all kinds of material con-
taminated with blood

Materials contacted with infectious agents

GMO, Vectors, Live Vaccination Strains
Petri dishes, pipette tips etc.

TRANSPORT OF MEDICAL WASTES
    
Red colored plastic bags with a biohazard mark are used for the transport of medical 
waste. The characteristics of this bag should be:
• Resistant to tears, punctures, bursts and transportation impacts,
• Made of polyethylene,
• Double sewn at the bottom,
• Double layer and 100 µM thick,
• With a carrying capacity of at least 10 kg,
• It should have “International Biohazard” sign and “Caution: Medical Waste” warning 

on both sides.
Rules to be followed when transporting Medical Wastes;
• When the bags are filled by three quarters, their mouths are tightly closed.
• If there is a possibility of leakage, it is placed in a second waste bag.
• Wastes put into waste bags are never removed, recycled or emptied.

8
Wastes and Waste Management

Figure 8.6. Waste bag
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• Medical waste bags are collected and transported by a someone who has been 
trained for this purpose by means of a wheeled and covered medical waste trans-
port vehicle made of stainless metal, plastic or similar materials (Figure 8.7).

• Contact with hands and body during transport should be avoided; they should nev-
er be carried by hand; special protective equipment should be worn.

• Medical wastes and household wastes are not loaded and transported by the same 
vehicle.

• The Medical Waste Transport Vehicle must be disinfected after every transport, in 
the event of any puncture or spillage.

Figure 8.7. Transport of medical waste
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