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Unsafe acts & 

Unsafe conditions

HAZARD
A source that has a potential to cause harm

BIOHAZARD
Biological agents or toxins

that have potential to cause harm



Laboratory-acquired infections (LAI)
Infections that have actually caused illness outside of the lab 

in general public environment

What is known is only… 

“tip of the iceberg”

What remains hidden 

(the list of lab. Workers)…

who contracted potentially 

contagious infections but did not 

start community outbreaks

is much, more longer…



Parenteral incubations with syringe 
needles or contaminated sharps

Spills and splashed onto skin and 
mucous membranes

Ingestion or exposure through 
mouth

Pipetting or touching mouth or eyes 
with fingers or contaminated objects

Infectious aerosols and droplets – directly 
or hand contamination

5 Routes of LAI

80%



Not 
enough 
training

Not 
enough 

experience

To much 
work

Lack of 
attention/

being 
distracted

Causes of bio-incident

Infectious sources: 
culture or specimens

Route of transmission: 
inhale, ingest, contact

Susceptible host: 
immune, vaccine, age, 
pregnant

Three
Major

Factors



http://web.krisdika.go.th/data/outsitedata/outsite21/fi
le/OCCUPATIONAL_SAFETY,_HEALTH,_AND_ENVIRONM

ENT_ACT,B.E._2554.pdf

Law

Regulation

Guideline

Standard

SAFETY
A state of hazards are controlled!

http://web.krisdika.go.th/data/outsitedata/outsite21/file/OCCUPATIONAL_SAFETY,_HEALTH,_AND_ENVIRONMENT_ACT,B.E._2554.pdf


Biosafety : Avoiding 
the laboratory-acquired infection

To prevent occupational infections, experimental 
contamination in biomedical and biotechnological laboratories, 

and release of organisms into the environment

Biosecurity : Intentional release of 
infectious material and toxins

Professionals and physical security practices and technology to 
safeguard biohazardous materials and bio-weapon agents



Laboratory hazards

Risk groups

Hierarchy of Hazards 
Control

Biosafety level

Good Microbiological 
Practices (GMP)

Biosafety

Physical security

Personnel reliability

Biological security

Transportation

Information security

Biosecurity



International Guidelines
1. Laboratory Biosafety Manual, 4th edition : World Health Organization

2. Biosafety in Microbiological and Biomedical Laboratories, 6th Edition, USA : BMBL

https://www.cdc.gov/l
abs/BMBL.html

https://www.who.int/publicatio
ns/i/item/9789240011311

https://www.cdc.gov/labs/BMBL.html
https://www.who.int/publications/i/item/9789240011311


Legislation related to Biosafety

• The Pathogens and Animals Toxins Act (2015)
➢Draft Biosafety Act

➢Legislations in regulating GMO in Thailand

• The Infectious Disease Act (1980)

• The Hazardous Substance Act of B.E.2535 (1992)

• The Food Act (1980)

• The Drug Act (1992)

• The Food and Drug Administration (FDA)

• The Animal Disease Control Act (2001)

• Occupational Safety, Heath and Environment Act (2011)



Pathogens and animal toxins Act 
(PAT Act) 2558

Pathogens and animal toxins Act 
(PAT Act) 2558

Responsibility: Department of Medical Science (DMSc), Ministry of Public Health (MOPH)

Related to international regulations

➢ International Health Regulation (IHR)

➢ Global Health Security Agenda (GHSA)

➢ UNSecurity Council Resolution 1540 (2004)

Action: to control and monitor lab and to perform 

the laboratory task conform to PAT Act



Pathogens and animal toxins Act 
(PAT Act) 2558

Pathogens and animal toxins Act 
(PAT Act) 2558

Responsibility: Department of Medical Science (DMSc), Ministry of Public Health (MOPH)

Action: to control and monitor lab and to perform the laboratory task conform to PAT Act

PathogensPathogens

MicroorganismsMicroorganisms

VirusVirus BacteriaBacteria FungiFungi ParasitesParasites

Biological 
agents

Biological 
agents

Synthetic 
agents

Synthetic 
agents PrionsPrions

Animal ToxinsAnimal Toxins

Poisonous liquid 
produced by animal

Poisonous liquid 
produced by animal

Neuro
toxin

Neuro
toxin

Tetrodo
toxin

Tetrodo
toxin

VenomVenom

ProductionProduction

ImportImport

ExportExport

SellSell

TransitTransit

PossessionPossession



Pathogens and animal toxins Act 
(PAT Act) 2558

Pathogens and animal toxins Act 
(PAT Act) 2558

Section 16. No person may use pathogens or animal toxins for the following purposes: (1) to 

carry out any act which causes danger to other persons or other persons’ health. 

Section 58. Any person who commits an act under section 16 (1) shall be liable to imprisonment 

for a term of six months to ten years, and to a fine of fifty thousand baht to one million baht. 

PunishmentPunishment

RegulationRegulation

Risk Groups
Biological Safety 

Levels
Personnel 

Certification
Laboratory 

Certification
Project Certification



Four Risk Groups

Risk Group Individual risk Community risk

1 Low No

2 Moderate Limited

3 High Moderate

4 Extreme high High

English 
Alphabets

B, Bacteria

F, Fungi

V, Virus

P, Parasites

T, Biological substances not prion

R, Prion



Four Risk Groups

• E. coli K 12

• Transgenic plants

• Plasmids

• Fungi and molds

• Yeast

RG-1

• Food-borne pathoens

• Human or primate 
cells

• HSV

• HBV

• Patient specimens

• Human blood and 
certain body fluids

RG-2

• HIV

• H5N1

• TB

• Anthrax

• MERS-CoV

• SAR-CoV 2 (COVID-19)

RG-3

• Ebola

• Lassa Fever Virus

• Marburg Virus

RG-4



Four Risk Groups
3) Species with safe use history with a certificate from 
the National Center for Genetic Engineering and 
Biotechnology or that is certified by an internationally 
accepted organization as well as the following features:

a. Having limitation to survival in the environment
b. Not releasing exotoxin
c. Not causing pathology
d. No genetic material has been added to cause 
antimicrobial resistance.



RG - Animal Toxins



Four Biosafety Levels

Operation Site 
Level 1

Operation Site 
Level 2

Operation Site 
Level 3

Operation Site 
Level 4

BSL-2 
Enhanced
BSL-2 
Enhanced

https://blqs.dmsc.moph.go.th/
assets/bpat/PATEN13.pdf

https://blqs.dmsc.moph.go.th/assets/bpat/PATEN13.pdf


Four Biosafety Levels

BSL-1 – basic lab

BSL-2 – basic lab + aerosol confinement

• Biosafety cabinet

BSL-3 – containment laboratory

• 2 door separation from the building 

occupants

BSL-4 – maximum containment laboratory

• Separate building from general research 

population

Basic BSL
Laboratory
Basic BSL

Laboratory

Containment 
BSL Laboratory
Containment 

BSL Laboratory



E. coli

https://blqs.dmsc.moph.go.th/
en/page-view/150

https://blqs.dmsc.moph.go.th
/assets/bpat/PATEN13.pdf

Four Biosafety Levels

https://blqs.dmsc.moph.go.th/en/page-view/150
https://blqs.dmsc.moph.go.th/assets/bpat/PATEN13.pdf


Laboratory Animal Facilities



• Risk assessment : Risk group ≠ BSL
• Each level is appropriate for :

• Operations performed (aerosol, solid, liquid, volume)
• Routes of transmission
• Lab function or activity (clinical, research, isolation and culture)

• The higher the biosafety level, the more restrictive the laboratory 
environment will be increasing levels of personnel and environmental 
protection increasing levels of complexity in SOPs.

Principles in Biosafety



ProductionProduction

ImportImport

ExportExport

SellSell

TransitTransit

PossessionPossession

Controlled
Activities
by PAT Act 2558

cultivate, mix, prepare,
transform, add volume,
synthesize,
repack or pack in mass

bring/order into 
take/send out of 
the Kingdom

dispose of, distribute, dispense 
or exchange for trade purposes,
and shall include having in 
possession for sale

take/send through Kingdom 
whether or not there is a 
transshipment or change of 
carriers in Kingdom

to have in possession for the 
possessor himself/herself or 
for other persons



Excempt
Activities
by PAT Act 2558

• Medical diagnosis (Dx) processes 
• Post mortem examination processes
• Laboratory testing for medical and public health 

purposes
• Ready made products
• Collection of samples of drugs, food, health 

products, environment

https://blqs.dmsc.
moph.go.th/en/pag

e-view/150

https://blqs.dmsc.moph.go.th/en/page-view/150


OPERATORS & 
OPERATION PERSONNEL

OPERATOR
a person who controls

operations, personnel, SOP, 
license, and safety systems  

OPERATION PERSONNEL
A person who operates or carry out SOP 

and work instructions, and implement 
safety systems

QUALIFICATIONS AND DUTIES mentioned in

Any recipient of certificate of notification or license shall set up at least one operator 
and operation personnel in the area.  However, this could be the same person.



Risk = Probability x Severity

Biorisk assessment process
Process of evaluating the biorisk from a biohazard, taking into 

account the adequacy of any existing available controls and 

then decide whether or not the particular biorisk is acceptable.

1. Know/understand your 
biohazard (biological 

agents/toxins)

2. Know what controls
are available in your 

lab/department/faculty

3. Conduct activity-based 
risk assessment of your 

biohazard.

4. Decide if risk is 
acceptable. If not, then 
add additional controls.



PERSON
PROCEDURE
PRACTICE



Bioagent 
& Place

Biological 
agent (Risk 

Group)

Laboratory & 
Facility

Safety 
Equipment & 

PPE

People

IBC/BSO

PI/Researcher

RA/Students 

Related 
personnel

Activity & 
Practice

Biological 
Safety Level 

(BSL)

Safety 
Operating 
Procedures 

(SOP)

Pathogen 
Safety Data 

Sheets (PSDS)



PPE

Work 
practice

Engineering 
control

Substitution

Elimination
Replacing the hazardous

Isolate people from the hazard

Change the way people work

Reduce employee exposure to hazards 
with protective equipment

Removing the hazard
EF

FE
CT

IV
EN

ES
S

Most 

Least 

HIERARCHY OF 

HAZARD CONTROLS



Four Primary Controls 
for Biosafety

1. Engineering Controls 
ข้อก ำหนดทำงวิศวกรรม

2. Administrative Controls
กำรบริหำรจดักำรทีด่ี

3. Practices and Procedures
วิธีปฏิบตัทิีเ่ป็นมำตรฐำน

4. Personal Protective Equipment
อุปกรณป้์องกนอันตรำยเฉพำะบุคคล



Technology based, reduce or eliminate exposure to 
hazards by changes at the source of the hazard

Containment : Primary VS Secondary 
Containment Biosafety Levels

Facility Laboratory Design : BSL1, 2, 3, and 4
Facilities, furnishings, work surfaces, floor finishes
Large equipment (space around)
Placement with motion movement (airflow)
Handwashing sink (no hand operation)
Eye wash station and Emergency showers
Safety Equipment i.e. Biological Safety Cabinets

Engineering Controls



Engineering Controls

Operation Site 
Level 1

Operation Site 
Level 2

Operation Site 
Level 3

Operation Site 
Level 4

BSL-2 
Enhanced
BSL-2 
Enhanced

https://blqs.dmsc.moph.go.th/
assets/bpat/PATEN13.pdf

https://blqs.dmsc.moph.go.th/assets/bpat/PATEN13.pdf


BSL-1Clause 7: Characteristics of Operation Site Level 1

✓ a closed space or a sectioned room (inside is visible); 
✓ easy-to-clean structure and facilities; 
✓ lockable door; sufficient equipment and tools;
✓ sturdy tables/benches and chairs (waterproof surface, easily 

cleaned, resistant to chemicals and disinfectants); 
✓ hand washing basins;
✓ have space for cleaning materials and places for collecting and 

storing solid waste separating from other types of waste;
✓ adequate sound, temperature and lighting 



BSL-1Clause 9: Equipment in Operation Site Level 1



Clause 11: Safety and Quality Systems in OSL-1 BSL-1

Clause 8: Operation Site Level 1 with animals BSL-1



BSL-2Clause 12: Characteristics of Operation Site Level 2

✓ Have the same as OSL-1 in clause 7 with additional items;
✓ Have measures to control people with the right to enter and exit;
✓ Have a biohazard sign on the doors;
✓ Have an appropriate containments for bioagents or toxins 

(Biological safety cabinet/BSC or Fume hood)
✓ Label all equipment and tools exposed to bioagents
✓ (IBC-approved) Lab SOP
✓ Detailed biosecurity system, keep all data at least 3 years



BSL-2*Clause 19 and 22: BSL-2 Enhanced



BSL-3Clause 23: Characteristics of Operation Site Level 3

https://blqs.dmsc.moph.go.th/assets/bpat/PATEN13.pdf

https://blqs.dmsc.moph.go.th/assets/bpat/PATEN13.pdf


BSL-4Clause 31: Characteristics of Operation Site Level 4

https://blqs.dmsc.moph.go.th/assets/bpat/PATEN13.pdf

https://blqs.dmsc.moph.go.th/assets/bpat/PATEN13.pdf


Safety Equipment

Biosafety 
cabinet

Centrifuge

Autoclave Pipetting aids

Loop 
incinerator

Leakproof 
vessels

Sharp disposal 
containers

Transportation 
containers

Vacuum line 
protection



Safety Equipment

B
SC

• Classification

• Filters (HEPA, 
ULPA)

• Handling and 
maintenance

• Certification C
en

tr
if

u
ge • Cup-closed 

buckets

• Capped tubes 

• Aerosol/Droplet

• Spill management

A
u

to
cl

av
e • Samples

• Sterilization 
processes

• Spore test

• Certification



• Medical Surveillance and Immunization 

• Training & Education
✓Lab specific policies and procedures

✓Biosafety training

✓Occupational Health Law and Regulation

• Resources
✓Website, Biosafety page, Faculty Website, 

Biosafety Manual, Training Video

• Door signs 
✓Entrance and Exit

✓Emergency exit, and hazard indicators

• Equipment and maintenance plan and action

Administrative Controls



Medical Surveillance

➢ The systematic assessment of staff exposed or potentially exposed to occupational 
hazards. This assessment monitors individuals for adverse health effects and 
determines the effectiveness of exposure prevention strategies.

➢ Decide on which medical surveillance method will be the best option for your lab 
i.e. available vaccine, baseline serum, symptom monitoring, medical emergency 
response procedures

➢ Before working: baseline serum sample, immunization, know symptoms of illness
❑ Hepatitis A, B
❑ Influenza
❑ Others: Rubella, Measles, Chicken pox, Rabies,  or Vaccinia

➢ Any accident in Lab: Report and Evaluate
➢ Any exposure: Be observant for symptoms and report symptoms

➢ With symptoms: notify contact person/PI, go to doctor and report for evaluation
➢ Without symptoms: notify contact person/PI, observation, and report for 

evaluation



Medical Surveillance



Administrative Controls

Training & Education

✓ One-on-one practical training in laboratory (with an exam)
✓ Safety Equipment, Tools and PPE Practice Training 
✓ Biosafety and Biosecurity Training Program
✓ Safety and Occupational Health Training Program
✓ Emergency Action Plan Training Program



Administrative Controls

Resources



Safety Data Sheet (SDS)

Pathogen Safety 
Data Sheets 
(PSDSs) are technical 
documents that describe 
the hazardous properties 
of a human pathogen and 
recommendations for 
work involving these 
agents in a laboratory 
setting. 

http://www.phac-
aspc.gc.ca/lab-
bio/res/psds-ftss/index-
eng.php

Safety Data Sheet

A Safety Data Sheet (SDS or 
MSDS) is a document that 
contains information on the 
potential hazards (health, fire, 
reactivity and environmental) 
and how to work safely with the 
chemical product. 

PSDS

http://www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/index-eng.php


➢ SOP Writing and Implementation

➢ General Safety Guidelines

➢ Good Laboratory Practice

➢ Good Microbiological Practice

➢ Hand Washing

➢ Specific Procedures
▪ Centrifuges

▪ Needles & Syringes and other sharps

▪ Pipettes

▪ Blenders, Grinders, Sonicators & Lyophilizes

▪ Inoculation Loops

▪ Cryostats

Practices and Procedures



A set of written instructions that describes, in detail, how to 
perform a laboratory process or experiment safely and effectively. 

Prevention Control 

Safety Operating Procedures



Safety Operating Procedures
Step-by-step instructions on executing activities when working   
with biohazard (biological agents/toxins) so that the operator 
and environment are protected.

Biosafety 

SOP
✓ Which pathogen(s)/toxin(s) you are working with?

✓ What are the risks associated with your pathogen(s)/toxin(s)?

✓ What experimental procedures will be performed ?

✓ How to minimize associated risks for experimental procedure?

→ engineering control, medical surveillance, SOPs, institutional policy

Contents of the SOP 
are depended on the 
specialization.

Write a practical SOP 
that your personnel 
“CAN” do/adhere to.

SOP is “custom-
made” DO NOT COPY. 

Biosafety SOP should 
be concised, not 
experimental SOP.



Safety Operating Procedures



Biological Safety Cabinet



Biowaste Management



Bioagent Transportation
RG-1 pathogens can be handled inside biosafety cabinets or on

designated bench areas and transferred using lab basket.
RG-2 pathogens must be handled inside level-2 biosafety

cabinets or transferred with double packaging containment
between cabinet, incubator, and freezer in the laboratory area only.

International Air Transport Association (IATA)

Material Transfer Agreement (MTA)



Bioagent Transportation
Category A Infectious Substance (UN 2814 and UN 2900) Biological specimen, Category B (UN 3373)



Spill Response Procedure
❑ Do not panic, react immediately with consciousness

❑ First priority – protect of personnel

❑ Stop working and always alert others

❑ Evaluate nature of spill to determine the level of response

❑ Material response to spills must be available in Lab

❑ Don appropriate PPE and disinfectant to contain spill

❑ Decontamination of facility and equipment 

❑ Packaging and disposal of contaminate waste materials

❑ Proper documentation of incident 



Spill Response Procedure



❑ PPE is the important and the last line of defense.

❑ Responsibility of both operator and operation personnel to 
ensure that PPE is worn correctly.

❑ PPE is depended on the research work “risk assessment”

❑ Transmission : airborne, droplet, and contact isolation

❑ Biological Safety Level (BSL) : 1, 2, 3, 4

Personal Protective Equipment



Personal Protective Equipment

PLACE : Clause 11 (3) using technically appropriate 
PPE;  (8) Spill kits contain PPE 

OPERATOR : Clause 8 (d) Provide and control the use 
of PPE as appropriate

OPERATION PERSONNEL : Clause 12 (c) Use PPE 
appropriately and conform with RG

Occ Safety, Health, and Environment Acct (2011) : 
Section 22 PPE as stipulated by the Director-General. 

International Standardization and Organization : ISO
European Standards : EN

Australia Standards/New Zealand Standards : AS/NZS
American National Standards Institute : ANSI

Japanese Industrial Standards : JIS
The national Institute for Occupational Safety and Health : NIOSH

Occupational Safety and Health Administration : OSHA
National Fire Protection Association : NFPA



Laboratory coat 
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Air-purifying respirator Supplied air respirator

Sanitary & 
Surgical 
masks

Particulate 
respirator

Elastomeric 
respirator

Powered Air 
Purifying 

Respirator
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EN 20345
มอก.523-2554

ANSI std Z87.1
MIL-PRF-32432
CAN/CSA-Z94.3

EN 166-1F
AS/NZS 1337.1
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“INSIDE OUT”
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PPE
Personal = personal item, no sharing, no taking outside the lab
Protective = meet the standard with trusted quality
Equipment = must be accessible, applied/used, throw away correctly

➢ Safety must not fail, Be attention with much + consistent

➢ PPE selection: nature of works, people, and situation

➢ PPE must be present, check before and clean after.

➢ Washing hand is required before & after PPE applied.



Recombinant DNA technology

Source of DNA to 
be transferred 

(Host)

Ability of vector to 
survive outside lab 

(Vector)

Marker gene, 
particularly 

antibiotic resistant 
gene

Interaction 
between 

transferred gene 
and host (end 

product/product 
effects)



Genetic Modified Organisms

Risk Assessment

Consideration of Risk 1-4

Consideration of Biosafety Level 1-4

BSL

Infrastructure 
and Facilities

Tools and 
Equipment

SOP

PIPI

PI or assigned 
researcher

PI or assigned 
researcher

Instituted BSOInstituted BSO

IBCIBC

Instituted BSOInstituted BSO

Funded 
Agency
Funded 
Agency

PIPI

https://www.biotec.or.th/biosafety/images/d
ocument/G01-Biosafety%20Guideline.pdf

Recombinant DNA technology

Source of recombinant DNA from donor Vector ability

Probability of natural DNA exchange Habitat of donor and recipient

Pathogenicity, toxicity, carcinogenicity, allergenicity

Effect of inserted gene in other host gene functionAbility to breeding

Ability to survive in harsh conditions Use of antibiotic resistant gene 

https://www.biotec.or.th/biosafety/images/document/G01-Biosafety%20Guideline.pdf


Recombinant DNA technology

Category 1 → BSL-1 or 2

• Low risk

• Inform IBC

Category 2 → BSL-1 or 2

• Medium-level risk

• IBC approval

Category 3 → BSL-2 or 3 or 4

• High risk

• IBC approval

Category 4 / Not allow in Thailand

• Recombination in RG-4

• Uncontrolled/unknown with high risk

• Bioterrorism purpose 

Application form for consideration of 
modern biotechnology projects



Biosafety & Biosecurity
Risk Management

Unsafe acts & 

Unsafe conditions

Risk = Probability x Severity

Safety

Operating 

Procedure
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https://research.sc.mahidol.
ac.th/biosafety/

MUSC-IBCMUSC-IBC

Worawan Dachavichitlead
worawan.dac@mahidol.ac.th 

Tel. 02-201-5041, 081-806-0911
MUSC-BSOMUSC-BSO

https://research.sc.mahidol.ac.th/biosafety/


Bacteria

Yeast and Fungi

Virus

Plants

Insects

Aquatic animals

Animal models

Cell lines

Clinical samples

Environmental samples

Genetic engineering

Industrial scale

System biology

Synthetic biology

Others related

Scientific Research Scopes in MUSC



Activities driven by MUSC-IBC

Research project 
evaluation/approval

Policy makers and Facilitators 
for biosafety works

Supporting a certification of 
related facilities

BSL-2,3 training courses 
certified by DMSC, MOPH

Biosafety training for 
grad/undergrad students

Contributing in MU-IBC 
activities

MUSC-IBC visiting, sharing 
and learning

BSL1

BSL2

BSL3

12

17

1

โครงการขอยกเว้น/รับรอง
MUSC-IBC ในปี 2564

BSC Certification 88 in 64

Autoclave Certification 59 in 64

BSL2 Laboratories 48
BSL1 Laboratories 15



Biosafety Training Course
The 6th First Training Course approved by 

Dept. Medical Science, Thailand (total 22).

Unique workshop training for scientists 

and students in diverse fields of study.

Seven training activities were done with    

> 1000 certified participants.
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Thank you

More information:
MUSC-IBC Tel. 0-2201-5041
E-mail: musc.biosafety@hotmail.com
https://research.sc.mahidol.ac.th/biosafety/
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