
Introduction

All potential users are required to have appropriate
training before they start working inside the Nanyang
Technological University School of Biological Sciences
(NTU-SBS) BSL-3 laboratory. This policy statement is
clearly defined in the Biosafety and Operations Manual.
An in-house training programme has been developed and
implemented in accordance with the training policy drawn
up by the Institutional Biosafety Committee (IBC). The
programme is expected to equip users with sound foun-
dations for working safely in the BSL-3 laboratory. Con-
tinuing efforts to upgrade knowledge or skill in biosafety
measures and nurturing appropriate safety practices are
ultimate goals of the training programme.

Users must strictly comply with standard operating
procedures (SOP) implemented at the facility. Related leg-
islation and regulations play crucial roles and users need
to know them. Additionally, international guidelines and
circulations or instructions issued by local authorities
also apply. No two BSL-3 facilities are the same in design
and structure, administrative processes, and adopted
biosafety practices. Orientation for a particular facility will
be unique and a user’s familiarization with the facility will
be of great value. Any training program implemented
should meet the requirements indicated above. This arti-
cle reports the impacts and contents of the in-house train-
ing program for the benefit of future users and newly
developed facilities.

Training Requirements

The World Health Organization (WHO) mentions in
the Laboratory Biosafety Manual, 3rd edition (WHO,
2004), that a continuous on-the-job safety training pro-
gramme is essential to maintain safety awareness
among laboratory and support staff. Training objectives
are observable behaviors that the trainee is expected to
demonstrate after training and constitute the conditions
under which certain activities or behaviors are per-
formed at the required level of proficiency. Training pro-
vides fundamental knowledge or skill that the trainee
must master to be able to meet the behavioral objec-
tives. Effective training must take into account the char-
acteristics or attributes of the trainees. Individuals and
groups may differ in aptitude, literacy, culture, and pre-
training skill levels.

Training for BSL-3 staff is mandated under the Bio-
logical Agents and Toxins Act (BATA), which has been in
force in Singapore since 2006 (Singapore Statutes On-
line, 2006; Tun et al., 2007). The Ministry of Health
(MOH) also releases circulars or instructions regarding
BSL-3 issues whenever required. Every facility appoints
a biosafety coordinator who participates in the structured
biosafety training course conducted by a MOH-approved
training provider (ATP) and who must pass the compe-
tency test administered by the MOH. The biosafety coor-
dinator acquires experience in the area of biosafety
management and undergoes such training as the Direc-
tor of Medical Services requires from time-to-time. He or
she must be a member of the institutional biosafety com-
mittee that formulates safety measures, programmes,
codes of practice, and all policies including training of
staff. Training courses for personnel who work in a
BSL-3 facility can be conducted by in-house personnel or
by experienced external trainers if the institute does not
have expertise in training.

NTU-SBS BSL-3 Facility

The NTU-SBS BSL-3 facility is specifically designed
for research projects involving potentially hazardous bio-
logical materials (Tun et al., 2006). Appropriate staff
training plays a critical role, since the facility accommo-
dates multi- purpose users. All policy matters, operating
procedures, review of risk assessment and approval of
research proposals, and biosafety training and approval
of authorized users are major responsibilities of a six-
member Institutional Biosafety Committee headed by the
Facility Director and assisted by the Facility Manager
(FM). The Chair of the School of Biological Sciences is
the Facility Director. A comprehensive Biosafety and Op-
erations Manual has been developed to give full and pre-
cise details of the operation and safety procedures. The
Facility Manager, who is also the MOH-approved Biosafety
Coordinator, implements safety policies, relevant pro-
grams, and codes of practice formulated by the IBC, and
organizes the in-house BSL-3 training course.

In-house Training Program

The in-house training program has been approved by
the IBC to train potential users of the NTU-SBS BSL-3
laboratory. Program procedures consist of lectures, prac-
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tical demonstrations and simulations, video learning, dis-
cussions, reviews and evaluation of training, and docu-
mentation. Training contents address related legislation,
regulations, guidelines and facility requirements; bio -
safety culture and concepts; standard procedures and
laboratory practices; laboratory instruments and their
maintenance; emergency responses; administrative re-
quirements; and application procedures or protocols
adopted at the facility.

Who are authorized users?
Authorized users at the NTU-SBS BSL-3 facility are

members of research groups headed by principal inves-
tigators (PI), including research scientists and post-
graduate students. Projects by undergraduate students
usually do not involve high-risk biological agents and they
are not allowed to use the facility. The principal investi-
gators and research group members are encouraged
to attend the biosafety course organized by the Asia-
Pacific Biosafety Association (A-PBA). It is the only MOH-
accredited biosafety course locally available and is
taught once a year. The A-PBA creates a strong trainer
team by inviting many biosafety experts and experienced
biosafety engineers from local and overseas institutions
or associations such as the American Biological Safety
Association (ABSA) and the Canadian Science Centre for
Human and Animal Health. Many participants from Singa -
pore and Southeast Asian countries take part in the
intensive training which usually takes about 1 week fol-
lowed by an examination at the end of the course. How-
ever, researchers who have attended such biosafety
trainings and acquired basic biosafety knowledge still
need to complete the in-house training course success-
fully. Then, they are registered as authorized users who
have been approved by the IBC to work in the BSL-3 lab-
oratory. The training sessions are conducted for two or
three trainees at a time so that individual attention can
be achieved.

Individual learning preferences are very important to
achieve effective training. Trainees may differ in aptitude,
literacy, culture, language, and skill and/or knowledge
levels. Some are more visual or hands-on learners; oth-
ers learn well from written materials. Some learn fast;
some are slow learners. Any special needs of trainees
must be addressed, such as course adaptation for those
with hearing impairments. Using small trainee groups
tends to reduce difficulties due to individual differences
and maximize the effectiveness of the biosafety training.
How the training programme is viewed by trainees in
terms of improving their performance or personal safety
may dictate the approach used.

Legislation, Regulations, and Guidelines
A good regulatory framework strengthens biosafety

and biosecurity. Biosafety rules are strict and severe
penalties are defined for offenders convicted of the unau-
thorized use of biological agents and toxins. All individu-

als who work in a BSL-3 environment must understand
relevant legislation. Training elements must include com-
plete and precise information about existing rules. It is
also important to cover international guidelines and in-
structions occasionally issued by local authorities or gov-
ernment agencies.

The BATA clearly defines facility requirements for
handling biological agents, provides for a comprehensive
system of control, minimizes acts of bioterrorism by con-
trolling the use of high-risk hazardous agents, and es-
tablishes a strong national biosafety culture. Major
components of the BATA include lists of regulated bio-
logical agents and toxins; controls of importation, pos-
session, transshipment and transfer; and transport
requirements. The BATA adopts a schedule system for
risk group classification of biological agents.

On recommendation of the National Biosafety Com-
mittee (NBC), the MOH has adopted the Laboratory Bio -
safety Manual (WHO, 2004) as the national guideline for
biosafety to supplement the BATA. The manual provides
expert guidance for developing specific codes of practices
for the safe handling of potentially hazardous agents.

To work with zoonotic agents, approval for posses-
sion of biological agents from the Agri-Food Veterinary
Authority (AVA) of Singapore is required. The AVA and the
MOH have streamlined the import permit processing on
the Singapore Custom Tradenet System. An importer is
required to declare a set of MOH-AVA product codes for
each zoonotic agent (AVA, 2005).

For genetically modified organisms (GMO), approval
must be sought from the Genetic Modification Advisory
Committee (GMAC) before submitting an application for
approval and permit to the MOH (GMAC, 2005). Packag-
ing the biological agent for transport requires the basic
triple packaging system comprised of a primary recepta-
cle, secondary packaging, and outer packaging. Biologi-
cal agents are packaged to meet the International Air
Transport Associations (IATA) regulations.

Following are some examples of international and
local regulations the trainees need to know well.

Facility Requirements
The design, building, and certification of a BSL-3 fa-

cility are expensive exercises in terms of finances, time,
and organization. Users should conceptually understand
the system operation and purposes of the facility’s struc-
ture and design. Knowing how things work will help
trainees appreciate the facility requirements.

The NTU-SBS BSL-3 facility consists of three com-
partments separated by doors that are linked with an in-
terlocking system so that two doors cannot be opened
simultaneously. The first room is a positively pressurized
Airlock Room with a main entrance door. The second
room is a negatively pressurized Anti-Room located be-
tween the laboratory and the Airlock Room. The laboratory
is negatively pressurized with controlled directional air
flow. All air exhausted from the laboratory is filtered
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Table 1
Application procedures and sharing of responsibilities at the NTU-SBS BSL-3 facility.

No. Activity Responsible
1 Proposal for use of BSL-3 PI

•Application forms
•Biological Agent/Risk Assessments
•Complete protocol
•List of laboratory users

2 Review for approval IBC
•Review the proposal
•Review the Risk Assessments
•Approve the proposal
•Initial evaluation of PI’s and staff’s
training needs

3 Approvals from MOH, AVA, etc. FM
•Approval to possess and handle
the BA

•Approvals for transfer/import/
transport

•Other regulatory communications
4 Determination of training needs IBC

•Evaluation of work-specific SOPs
and instructions

•Determination of exact needs and
duration of training

•Requirements of external training 
providers (ATP)

•Approval by BC

No. Activity Responsible
5 In-house training for users FM

•Biosafety procedures and practices
•BATA requirements
•Orientation to NTU-SBS BSL-3 facility
•Reading, understanding, and
practicing the Manual

•Go through generic and specific SOPs
•Final assessment must be signed.

6 Medical surveillance PI
•Pre-medical checkup
•Baseline blood sample of users
•Immunization/medical treatments

7 Facility system controls FM
•Containment system and Biosafety
control

•Supply equipment and PPE
•Emergency matters – biological spill,
accidents

8 Operational controls PI and
•Compliance with SOPs, guidelines, Authorized
regulations Users

•Standard microbiological practices
and special containment practices

•Waste management and housekeeping
•Emergency matters – biological spills,
accidents

Table 2
Medical Surveillance Program for BSL-3 Authorized Users

All NTU-SBS BSL-3 potential users must undergo a medical checkup before working inside the laboratory.
A recent pre-employment medical checkup may be applied, but some more activities will still be required.

Requirements Purpose Responsibility

Health check and physical Users need medical fitness. The user sees the Clinic Doctor (NTU Medical
examination Centre) with a request endorsed by BSL-3

Manager. Staff can claim reimbursement.

Vaccination/Immunization Basic vaccines or specific to agent 1. To be done by Clinic Doctor.
involved in project. 2. To provide information about agent by BSL-3

Manager/PI.

Baseline blood sample Sample must be kept for future 1. Clinic will take blood and pass it to whom?
collection reference and available when 2. Who keeps sample? – PI

required.

Medical records Must be confidential and available The clinic keeps all records and will provide
if required. proof in case of infection.

Medical contact card 1. User can inform that he or she To be issued by SBS/OHR.
(Name, IC or photo, works in BSL-3 laboratory. (Contact person – BSL-3
Contact person) 2. Doctor may contact for Manager/Doctor NTU Medical Centre)

more information.

Incident report to MOH To specify the laboratory-acquired 1. User to follow procedures for suspected LAI.
infection involvement. 2. Doctor to monitor LAI and follow up.

3. BSL-3 Manager to cooperate and report.

through high-efficiency particulate air (HEPA) filters before
release to the ambient air. The following environmental
conditions within the facility are closely mon itored: pres-
sure, temperature, and humidity. Audible and visual
alarms are triggered when room conditions are incorrect.

Communication devices such as telephone, fax machine,
intercom, and computer with Internet access are avail-
able inside the laboratory. Administrative require ments,
for example laboratory access, audit, documentation, etc.,
and legal requirements, such as approvals or permits



from local authorities and the annual recertifica tion
process, are clearly discussed during training sessions.

Laboratory Instruments and Maintenance
Laboratory instruments should be used properly

since they can be the source of laboratory accidents. Op-
erating procedures for each laboratory instrument must
be available for each user’s particular application. A suc-
cessful training programme should ensure that trainees
know how to effectively operate all laboratory equipment
safely and perform maintenance when needed.

Users are instructed to handle all high-risk biologi-
cal agents inside a class II type B-1 biological safety
cabinet (BSC). Understanding the functions of a BSC,
standard operating procedures, proper maintenance, and

precautions will play a critical role for working safely. All
experimental steps must be performed carefully to min-
imize the creation of aerosols. Centrifuge buckets are
equipped with safety caps, and loading and unloading of
the buckets with infectious materials must be performed
inside the BSC. Proper use of mechanical devices for
pipetting, shaking, mixing, and diluting must be empha-
sized during training. High-pressured equipment such as
autoclave and gas cylinders demand special cautions
and awareness to ensure safe operations.

Emergency Responses
In spite of safety programmes in a laboratory, acci-

dents still happen. Biological spills tend to be the most
common accident. Good safety programmes, training,
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Table 3
Authorized BSL-3 users are required to record when they enter the laboratory. 

BSL-3 LABORATORY
SCHOOL OF BIOLOGICAL SCIENCES

NANYANG TECHNOLOGICAL UNIVERSITY

BSL-3/09: CRITICAL  SYSTEMS  CHECKLIST 
(To record every day on use of laboratory.)

Outside the SBS BSL-3 Laboratory
(1)  Blue indicator light in the lab is NOT on (Yes/No)
(2)  Pressure gauge reading (Airlock Room) _________________________________________________________________

Airlock Room
(3)  Air-conditioning (On/Off)
(4)  Pressure gauge reading (Ante-Room) ___________________________________________________________________

Ante-Room
(5)  Air-conditioning (On/Off)
(6)  Pressure gauge reading (Laboratory) ___________________________________________________________________
(7)  Protective equipment available (Yes/No)
(8)  User’s log-book available (Yes/No)
(9)  Operations manuals available (Yes/No)
(10)  Shower room available (Yes/No) 
(11)  First aid kit available (Yes/No)
(12)  Chemical spill kit available (Yes/No)
(13)  Biohazard spill kit available (Yes/No)

Laboratory
(14)  Alarm light (On/Off)
(15)  Air-conditioning (On/Off)
(16)  Biological Safety Cabinet functioning (Yes/No)
(17)  Autoclave functioning (Yes/No)
(18)  Telephone, fax, network, and intercom functioning (Yes/No)
(19)  Computer facility working properly (Yes/No)
(20)  Eyewash station available (Yes/No)
(21)  Fire extinguishers available (Yes/No)
(22)  Waste bins available (Yes/No)
(23)  Emergency contact numbers available (Yes/No) 

Remarks on abnormal conditions observed:  

Signature Name of Staff Date
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and serious precautions can help reduce the number, fre-
quency, and severity of accidents. Emergency procedures
should detail various preventive measures and opera-
tional actions to be taken when an emergency occurs at
a BSL-3 facility. All possible scenarios including the worst
cases that could happen in the laboratory should be
identified and stressed in the training programme.

The NTU-SBS BSL-3 facility has developed an emer-
gency response plan (ERP) comprised of standard oper-
ating procedures for various emergencies (Tun et al.,
2008). The plan consists of many parts that provide use-
ful information for all identified potential emergency sit-
uations. Required details include: description of the
location and its neighboring areas; access and escape
routes; the nature of applications involving biological
agents, chemicals and reagents along with their hazard
and risk assessments; descriptions of all possible emer-
gency scenarios; required procedure execution, evacua-
tion procedures, and notification of government agen -
cies; important contacts and monitoring procedures;
communication procedures; and support facilities and
aid equipment for detection and protection. Trainees go
through this manual in detail. Various types of emer-
gency and laboratory accidents can be analyzed in video-
viewing sessions. Exercises or simulated situations are
conducted to provide hands-on experience for accidental
procedures such as biological spill management, med-

ical emergencies, and fire emergencies. Trainees get pre-
cise and correct information about what to do, whom to
contact, what equipment is available for response, what
steps to follow, and how safe evacuations take place dur-
ing particular emergencies.

Standard Procedures
Human error, poor laboratory techniques, and misuse

of equipment cause the majority of laboratory injuries and
work-related infections. Standard procedures and good
laboratory practices must be in place to prevent labora-
tory-acquired infections, to reduce laboratory accidents,
and to promote biosafety and biosecurity measures.

The facility has adopted a Biosafety and Operations
Manual with reference to the WHO manual for safety ap-
plications. Trainees go through the manual and all stan-
dard procedures in detail during training sessions.
Procedures include learning how to perform proper waste
management of solid, liquid, chemical, radioactive, or
mixed wastes; how to handle sharp items; how to mini-
mize aerosol generation during experimental steps; how
to operate laboratory equipment; how to handle biological
agents safely; and how to perform adequate housekeep-
ing. Practical demonstrations and hands-on partici pations
are used and are thought to be more effective when learn-
ing basic procedures such as gowning, de-gowning, and
application of personal protective equipment; putting on

Figure 1
Flow chart showing the steps in the application process for research on genetically modified organisms.

Application Procedures (GMO)



and off gloves; proper use of the N95 mask and PAPR;
adequate hand-washing, etc.

Specific Protocols at the Facility
Trainees undergo training for specific procedures or

protocols in use at the facility because administrative
controls and systems operations may differ from one fa-
cility to another. Laboratory access requirements, appli-
cation procedures, and responsibility sharing (Table 1),
medical surveillance programs (Table 2), guest or visitor
policy, working hours, and documentation systems (Table
3) are some important examples.

Scientists and professional and academic personnel
tend to shy away from documentation and paperwork.
But BSL-3 administrative processes involve lots of doc-
umentation. Many factors on biosafety issues are con-
sidered for a research proposal involving high-risk
agents. The IBC typically needs a vast amount of infor-

mation for review, risk assessment, and the approval
process. Application forms are complicated, and pro -
cesses involve many steps and are time-consuming (Fig-
ures 1, 2, and 3). Such processes are prepared and put
in place to meet the legal requirements and other ad-
ministrative requirements. The PI and authorized BSL-3
users in the research group are essentially provided with
information about specific procedures because their con-
sideration and cooperation are critical. Laboratory docu-
mentation procedure details (for example what docu -
ments are in use and how to perform proper recording)
are best explained by the ones who are actually doing
the work.

Training Schedules
Contents of BSL-3 training are summarized in Table

4. Training hours, training procedures, and use of teach-
ing aids will depend on the type of individuals and the

Figure 2
Importation of genetically modified organisms requires many time-

consuming steps involving regulatory agencies and processes.
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number of trainees in a group. For a larger group, longer
training hours and different teaching approaches may be
required. Although training may be different from an ac-
ademic programme, a brief theoretical examination at the
end of this programme is exercised for evaluation pur-
poses. The in-house training programme mainly focuses
on cultivating safety practices and nurturing biosafety
awareness. Practical demonstrations, hands-on partici-
pations, and open discussions on different situations
make the programme more effective. Careful observa-
tion of behaviors or activities that the trainees perform,
under certain conditions, will be of great value when eval-
uating the training programme. Poor performances can
be improved by repeating exercises, retraining, reviewing
important facts, and participating in open discussions.
Both trainees and trainer can learn so much from mis-
takes. Upgrading biosafety knowledge and improvements
in safety practices are processes with no limits and are
always essential components of a successful biosafety
training program.

In-house training at the NTU-SBS BSL-3 facility has
no regular or fixed schedule, so training is scheduled

whenever the need arises. The facility manager arranges
a training session when new users apply or when current
users need retraining. Two or three trainees are in one
session, so that individual attention can be achieved.
About 25-30 hours, extending over a few days, are re-
quired to complete a training course. Prolonged training
sessions without any breaks are avoided since the
trainees may lose interest. The program consists of lec-
tures, demonstrations, hands-on practical sessions,
video viewing, and lots of discussions. Furthermore,
many hours are needed for trainees to perform practical
procedures such as application of PPE, waste manage-
ment, spill management, housekeeping, and other hands-
on operations. Such participation ensures that trainees
have acquired good laboratory practices or habits, plus
they can remind themselves of the possibility of human
error and negligence. For maximum safety efforts, how
they work is more important than what they know. How-
ever, performing correctly shows their understanding and
awareness of biosafety. The facility manager spends a
lot of time observing trainees’ behaviors and perform-
ance for evaluation purposes. He or she also enters the

Figure 3
Import permits are required for all schedules of biological agents, but the

BSL-3 laboratory must handle schedules 1 and 2 biological agents.

Importation of BA (All Schedules 1-5)
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laboratory together with new users to observe and as-
sess how they work for the first 3-4 weeks of a new proj-
ect. Users must show proper ways of working and
satisfactory performance in various situations. On occa-
sion, close mentoring has extended over a long period
of time (months). Occasional checks are carried out to
identify potential deficiencies in safety standards and
documentation. These efforts help improve the develop-
ment of a true biosafety culture and are a measure of
the significant success of the training programme.

Conclusion

Currently, one research group is using the facility for
its project. Five authorized users, one principal investiga-
tor, two post-graduate researchers, and two PhD students
have been trained. Actually, post-graduate researchers
and PhD students work inside the laboratory. None of
them had their access to the facility revoked due to fail-
ure to follow regulations and procedures. During the an-
nual certification and shutdown period, users had the

Table 4
Content of In-house Training Programme

Course Content Approach
Legislation, Regulations, and Guidelines

– Components of the BATA, schedule classification (risk group), facility requirements – Lectures, discussion
certified facility and protected place, administrative controls

– Regulated biological agents – permit requirements for possession, import, transfer,
transport, etc., reporting and notifications

– Activities exempted from the BATA 
– Other guidelines – MOH, GMAC, AVA, and Custom requirements, the WHO, and

international references   

Orientation to NTU-SBS BSL-3 Facility Lectures, discussion,
– Structure and design of facility – Purposes and system operation practical demonstration
– Facility policy and biosafety measures, the IBC, sharing responsibility, user training

requirements, and medical surveillance program
– Administrative requirements – Application procedures, risk assessments, project

review, and the IBC’s approval
– Working hours and visitor policy 
– Systems controls – Room conditions and monitoring systems, alarm signals, computers

and communication devices 
– Protocols in place to meet requirements of existing rules 

BSL-3 Practices Lectures, discussions,
– Biosafety and biosecurity concepts practical demonstrations,
– Manuals – Laboratory safety, ERP, and MSDS file hands-on participation
– Critical system checklist, laboratory access and exit procedures
– Biological agent inventory and storage of hazardous substances
– Documentation and equipment maintenance log

Safety Procedures Lectures, discussions,
– Proper use and disposal of PPE practical demonstrations,
– Dress code, personal hygiene, and hand-washing hands-on participation
– SOPs – Waste management for sharp, solid, liquid, chemical, radioactive and mixed

wastes, housekeeping, and cleaning 
– Use of laboratory equipment and their SOPs
– Minimization of aerosol generation in experimental steps

Emergency Responses Lectures, discussions,
– Spill management – Biological or chemical practical demonstrations,
– Support facilities – Eyewash, shower, first aid kit, spill kits hands-on participations,
– Emergency contact numbers – the IBC, the PI, FM, fire, ambulance, security, and fault video viewing

reporting center 
– Laboratory accidents – Identify possible scenarios, execution and evacuation procedures,

and medical emergencies 
– Recording, reporting, and notification of laboratory accidents

Evaluation of Training Questions and answers,
– Theoretical examination at the end of the program observation, reviewing
– Careful observation of behaviors or activities that the trainees perform under and retraining, open

certain conditions discussion
– Repeating exercises, retraining for poor performance
– Close monitoring extended over period of time



opportunity to discuss biosafety issues with the AFC and
to review their performance. During this period, all of the
users were retrained before resuming their work. This was
not due to failure to follow the established procedures,
but to address the certifiers’ comments.

Biosafety and biosecurity are main concerns in BSL-3
environments. Knowing the procedures may not be good
enough for BSL-3 users, because how they actually work
is more important. The IBC takes such issues seriously
and has developed a strict policy statement for laboratory
users: Unapproved or disapproved procedures may not be
carried out under any circumstance. Failure to observe this
rule can result in removal of all access to the BSL-3 labo-
ratory and may result in termination of employment or de-
gree programmes. This kind of enforcement is necessary
to ensure users have the proper awareness and attitude
towards biosafety and biosecurity.

Common sense safety requires all BSL-3 users to
observe correct procedures and practices and to accept
responsibility to protect themselves, their fellow workers,
and the environment. Safety must be the highest priority
when working in a high-risk situation. One’s misdeed can
affect others and generate bad consequences. Users
should be honest, responsive, and considerate with oth-
ers. Experiments should not be carried out either in a
rushed manner or by a mentally or physically fatigued
worker. The risk of potential personal injuries and envi-
ronmental accidents will be greatly reduced when work-
ers have planned adequate time for work and associated
biosafety procedures. All important points are mentioned
and discussed during training sessions. The Nanyang
Technological University School of Biological Sciences
(NTU-SBS) BSL-3 laboratory program operates on the
premise that trainees should have a good attitude and

habitually perform the required norms for biosafety. The
in-house training is conducted to make trainees not only
understand biosafety practices and procedures to follow,
but also to accept biosafety culture as a way of life when
conducting research with potentially hazardous biologi-
cal substances.

References

Agri-Food Veterinary Authority of Singapore (AVA). (2005). Re-
quirements for the import and transshipment of pathogens.
Circular IED 2/1. Singapore: Agri-Food & Veterinary Authority
of Singapore.

Genetic Modification Advisory Committee (GMAC). (2006). The
Singapore biosafety guidelines for research on the genetically
modified organisms. Singapore: Genetic Modification Advisory
Committee. Available at: www.gmac.gov.sg

Singapore Statutes Online. (2006). Biological Agents and Toxins
Act 2005, Act 36 of 2005. Available at: http://statutes.agc.
gov.sg

Tun, T., Sadler, K., & Tam, J. P. (2006). Implementation of a
biosafety level 3 (BSL-3) facility in Singapore: Requirements,
work practices, and procedures. Applied Biosafety: Journal of
the American Biological Safety Association, 11(1), 15-23.

Tun, T., Sadler, K., & Tam, J. P. (2007). Biological Agents and
Toxins Act: Development and enforcement of biosafety and
biosecurity in Singapore. Applied Biosafety: Journal of the
American Biological Safety Association, 12(1), 39-43.

Tun, T., Sadler, K., & Tam, J. P. (2008). A novel approach for de-
velopment and implementation of an emergency response
plan for the BSL-3 laboratory service in Singapore. Applied
Biosafety: Journal of the American Biological Safety Associa-
tion, 13(3), 158-163.

World Health Organization (WHO). (2004). Laboratory biosafety
manual (3rd ed.). Geneva, Switzerland: WHO. Available at:
www.who.int/csr/resources/publications/biosafety/WHO_C
DS_CSR-LYO-2004_11/en

97www.absa.org     Applied Biosafety Vol. 14, No. 2, 2009

Articles


