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	BROCK PHONE BOARD: 	905 688 5550
	EXTENSION
						EMAIL

	Campus Security Services- Emergency
	3200
	security@brocku.ca

	Campus Security Services- Non-Emergency
	4300
	security@brocku.ca

	Chair, Biosafety Sub-committee- Alan Castle
	3598
	acastle@brocku.ca

	Biosafety Officer- Leila Vistorte
	6179
	lvistorte@brocku.ca

	Health, Safety & Wellness
	7233
	besafe@brocku.ca

	CL2 Faculty Representative- Litsa Tsiani
	3881
	etsiani@brocku.ca

	CL3 Faculty Representative- Fiona Hunter
	3394
	fhunter@brocku.ca

	Animal Care 
	5820
	dcarlson@brocku.ca

	Jacinta Dano- Biosafety Coordinator-Biology
	4968
	jdano@brocku.ca

	Greig Inglis- Biosafety Coordinator- Kinesiology
	4667
	ginglis@brocku.ca

	Jose Gabrie- Biosafety Coordinator- Health Sciences
	6635
	jgabrie@brocku.ca

	John Ciolfi- Senior Lab Demonstrator- Biology
	3763
	jciolfi@brocku.ca

	Facilities Management
	3717
	facilitiesmanagement@brocku.ca

	Machine Shop
	3420
	scrumb@brocku.ca

	Electronic Shop
	3419
	tmacdonald@brocku.ca


[bookmark: _Toc424648494][bookmark: _Toc474937829]Membership of the Brock Biosafety Sub-committee
Core Members:
· Chair;
· 1 CL3 permit holder (faculty member)
· 1 CL2 permit holder (faculty member)
· 1 CL2 staff member (senior demonstrator or research technician)
· Biosafety Officer (BSO)
· 1 community representative with experience relevant to biosafety
· Administrative Assistant
Extended Members – Advisors:
· Animal Care Coordinator
· Research Ethics Board Officer
· Director of Health, Safety and Wellness.
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	ACC
	Animal Care Committee

	AC/hr
	Air Changes per Hour

	AUP
	Animal Use Protocol

	AQC
	Aquatic Containment Level

	BBSC
	Brock Biosafety Committee

	BBSP
	Brock Biosafety Program

	BSC
	Biosafety Cabinet

	BSE 
	Bovine Spongiform Encephalopathy

	BSO
	Biosafety Officer

	CSA
	Canadian Standards Association

	CBS
	Canadian Biosafety Standards

	CFIA 
	Canadian Food Inspection Agency

	CL 
	Containment Level 

	CL3, CL2
	Containment Level 3 / Containment Level 2

	CSS 
	Campus Security Services

	DNA
	Deoxyribonucleic Acid

	DPD
	Drug Product Database (Health Canada)

	EDTA
	Ethylene Diamine Tetracetic Acid

	FM
	Facilities Management

	EPA
	Environmental Protection Agency -US

	GMOs 
	Genetically Modified Organisms 

	HAA
	Health of Animals Act

	HAR
	Health of Animals Regulations

	HBV
	Hepatitis B Virus

	HEPA 
	High Efficiency Particulate Air

	HIV
	Human Immunodeficiency Virus

	HPIR
	Human Pathogens Importation Regulations

	HPTA 
	Human Pathogens and Toxins Act

	HPTR
	Human Pathogens and Toxins Regulation

	HS&W 
	Department of Health, Safety & Wellness, formerly EHS

	HVAC
	Heath, Ventilation and Air Conditioning

	JHSC
	Joint Health & Safety Committee

	MC
	Mackenzie-Chown Building Complex

	MEC
	Minimum Effective Concentration

	MSDS 
	Material Safety Data Sheets

	NaOH
	Sodium Hydroxide

	NaOCl
	Sodium Hypochlorite

	NHP
	Non-human Primates

	NSF
	National Sanitation Foundation

	ORS 
	Office of Research Services

	OBCS
	Office of Biohazard Containment and Safety, CFIA

	PHAC
	Public Health Agency of Canada

	PI 
	Principal Investigator

	PNT
	Plants with Novel Traits

	PPE
	Personal Protective Equipment

	PTFE
	Polytetrafluoroethylene, a.k.a. Teflon

	PSDS
	Pathogen Safety Data Sheet

	RG1, RG2, RG3
	Risk Group1, Risk Group 2, Risk Group 3

	SOP 
	Standard Operating Procedure

	SS
	Sciences Store

	SSBA
	Security Sensitive Biological Material

	TDGA 
	Transportation of Dangerous Good Act or “TDG”

	ULPA
	Ultra-Low Particulate Air

	UV
	Ultraviolet (light))

	VHP
	Vapour-phase Hydrogen Peroxide

	VPA
	Vice-Provost, Academic 

	VPR 
	Vice-President, Research
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[bookmark: _Toc424648497][bookmark: _Toc474937832]Overview
The release of human, animal and plant pathogens and toxins from laboratories or other containment zones may pose a risk to human health, animal health, or the environment. For this reason, the handling or storing of biological hazardous material or toxins necessitates an awareness and application of biosafety and biosecurity practices among laboratory personnel and those who work with biohazards.  The risks associated with biohazards can be minimized through the application of appropriate biosafety and biocontainment principles and practices. 
The Brock biosafety program encompasses a variety of control strategies in an attempt to align research and teaching uses of biohazards with the appropriate safety measures and compliance framework. The Brock Biosafety Manual (BBSM) is one key component of the program. It provides a practical overview of proper work practices and the requirements for regulatory compliance with laws and guidelines governing proper use, containment and disposal of biological hazards.
This document does not address every contingency. When additional activity or agent-specific information is required, the Biosafety Officer (BSO) will assist investigators in developing and implementing appropriate practices to minimize the risk of laboratory infection or environmental contamination. When indicated, the expertise of the Brock Biosafety Sub-committee (BBSC) or other resources may be called upon for additional input. For information about specific biological safety programs for operations not covered in this manual, contact a BBSC member or the Biosafety Officer.
[bookmark: _Toc424648498][bookmark: _Toc474937833]Scope
This manual applies to all Brock University teaching and research activities involving biological agents rated Risk Group (RG) 1 and Risk Group 2[footnoteRef:1]. All faculty, staff, students, and visitors who work on Brock University premises or Brock-sponsored projects are included in the scope of this manual. In addition, this manual covers activities with plants pests, and aquatic animal pathogens. [1:  A Biosafety Manual for Risk Group 3 pathogens has been developed for the CL3 facility and is not part of the scope of this manual.] 

Biological agents include all infectious microorganisms (bacteria, fungi, parasites, prions, rickettsia, viruses, etc.) and toxins derived from such organisms and derived from animals and plants that can cause disease in humans and/or animals or pose significant environmental or agricultural impact.  Additionally, recombinant DNA, human or non-human primate tissues, fluids, cells, or cell cultures, transgenic plants or animals, and any work with animals and their tissues that are known to be reservoirs of pathogens are wholly or partly covered by the procedures and policies in this manual.
The policies and procedures contained in this manual are designed to protect personnel and the environment from biologically hazardous materials. All Principal Investigators (PI) and laboratory users must adhere to the biological safety policies and procedures in the conduct of their work and the management of their laboratories.

Program Intent
Activities performed across Brock University laboratories include standard microbiological techniques in teaching labs such as aseptic technique, staining, hemocytometry, and microbial identification and differentiation on a large range of microorganisms both in RG1 and RG2. On the other hand, research activities focus on work with human and animal blood and human and animal established cell lines.
[bookmark: _Toc424648499][bookmark: _Toc474937834]Biosafety Administration 
[bookmark: _Toc424648500][bookmark: _Toc474937835]Canada
In Canada, biosafety is administered at federal level by two Agencies, The Public Health Agency of Canada (PHAC), and The Canadian Food Inspection Agency (CFIA).
PHAC regulates all activities (possessing, handling, using, producing storing, permitting, releasing, abandoning and disposing) with human pathogens, zoonosis, terrestrial animal pathogens (including amphibian and avian pathogens) and toxins in accordance with the Human Pathogens and Toxins Act (HPTA), the Human Pathogens and Toxins Regulations (HPTR), the Health of Animals Act (HAA) and the Health of Animals Regulations (HAR).  
CFIA regulates the importation of non-terrestrial animal pathogens, non-indigenous animal pathogens and emerging animal disease pathogens in accordance with the Health of Animals Act (HAA) and the Health of Animals Regulations (HAR).  The CFIA- Animal Health Directorate also has responsibilities and authority related to reportable and notifiable terrestrial animal diseases. Facilities included are those where non-terrestrial animal pathogens have been imported and facilities where animals, animal products, by-products, or other substances that may carry a pathogen or parts thereof have been imported. Finally, they also regulate the importation, activities and facilities in relation to plant pests, in accordance with the Plant Protection Act and the Seeds Act.
[bookmark: _Toc424648501][bookmark: _Toc474937836]Guidance Documents 
A number of documents dedicated to providing information on requirements for facilities where activities with biohazards are conducted are available, such as:
The Canadian Biosafety Standard (CBS), 2nd Edition, 2015 updates the biosafety standards published as Part I of the CBSG, 1st Edition, 2013.
Facilities where imported aquatic animal pathogens are handled or stored must comply with the CFIA’s Containment Standards for Facilities Handling Aquatic Animal Pathogens, 1st edition, 2010. 
Facilities where both aquatic and terrestrial animal pathogens are handled or stored are required to adhere to the aquatic standards as well as CBS.
[bookmark: cont]Facilities where plant pathogens are handled are required to adhere to Containment Standards for Facilities Handling Plant Pests in accordance with The Plant Protection Act and Regulations, and the Seeds Act and Regulations.
[bookmark: _Toc424648502][bookmark: _Toc474937837]Brock University
At Brock University, the Brock Biosafety Sub-committee is responsible for all matters involving biosafety. The Sub-committee directives and expectations from those working with biological material ranked RG1 and RG2 are covered in this manual. 
	
Goal 
The goal of the Biosafety program is to protect employees, students, the community and the environment from the risks that may arise in the handling of hazardous and potentially hazardous biological materials.
[bookmark: _Toc424648503][bookmark: _Toc474937838]Roles and Responsibilities
Office of Research Services
The ORS shall ensure that research funds are not released to users of human, animal and plant pathogens and toxins until the appropriate biosafety permit has been issued by the BBSC.
Vice-Provost Academic (VPA)
The Vice-Provost Academic shall ensure that a biosafety permit issued by the BBSC is obtained before any teaching activity involving human, animals, plant pathogens or prescribed toxins is conducted.
Health, Safety & Wellness (HSW)
With the guidance of the Brock Biosafety Sub-committee, and in partnership with ORS and VPA, the Biosafety Sub-committee implements and monitors the Biosafety program in compliance with Federal, Provincial and University regulations and policies pertaining to the acquisition, use, storage, handling, transfer and disposal of biohazardous and potentially biohazardous materials. This includes:
Communication, education and training on Biosafety and this policy to biohazard users;
Organization of biohazardous materials safety and security programs, including training programs, for all teaching and clinical applications on Brock campuses;
Ensuring that inspections of laboratories and facilities are carried out by mandated inspection teams (Joint Health and Safety Committee);
Management of laboratory commissioning and decommissioning;
Consulting with Research Ethics Board, Animal Care Committee, Biosafety Sub-committee, Joint Health and Safety Committee and the Academic Safety Committee to ensure harmonization of policy and regulation;     
Brock Biosafety Sub-committee
The Biosafety Sub-committee is part of the Academic Safety Committee (ASC), which is also comprised of other three Sub-committees – the Chemical Safety S., Radiation Safety S., and Travel & Field Safety S. The ASC has a broad mandate; however, each sub-committee has a core membership with specific roles and responsibilities. The ASC’s performance rest on its membership, who are “expert users” (researchers and teaching faculty and staff) and/or have the appropriate technical and legislative expertise in each of the four areas of risk.
Each working group discusses safety issues relevant to its unique expertise and in the context of activities at Brock University and continue developing consistent procedures for safe operations. Each group makes safety recommendations based on expertise and fact base data to the ASC for approval.
Under this structure, any safety concerns that cross boundaries between groups can be “flagged” early by the Chair of the ASC and sent to more than one group including JHSC for information and collaboration.
Chair:
Has all of the responsibilities of core members.
Oversees the Chairing of the ASC meetings.
Reviews the Annual Compliance Report that is required by the Regulatory Agencies.
Approves, authorizes and signs pertinent biosafety, and radioactive permits and any other applicable legislatively or policy-mandated permit.
Withdraws the permit related to any work that is considered to pose an undue risk to an individual, the community, or the environment.
Delegates to an active ASC member when necessary due to absence or illness.
Submits on behalf of the ASC, an annual report to the VPR and VPA on the activities of the Chair of the ASC, for transmittal to the Senior Administrative Council (SAC) group.
Works in collaboration with the RSO and BSO on biological, radiological, x-ray and other regulatory matters associated with teaching and research activities.
Core Members:
Are available for consultation on problems dealing with radioactive, biological, hazardous materials and fieldwork and travel safety.
Participate in full and frank discussion among committee members in relation to agenda topics.
Develop and maintain or improve existing safety programs, policies, procedures, and guidelines based on legislative requirements or best practices, as applicable.
Review and approve requests for the use of radioactive, biological and hazardous material within the institution by issuing, through the RSO or BSO user permits and/or hazard packages.
Review safety programs as required, including reviewing the results of internal inspections of facilities, premises, equipment and work practices that assess whether radioactive, biological or hazardous materials are used safely.
Receive reports from the RSO and BSO and recommend remedial action to correct any deficiencies.
Review and adjust risk assessments and risk management protocols, as conditions warrant, and generate and share information about best practices and policies for travel and off-campus teaching, research and/or recreational activities.
Seek advice, when needed, from different departmental and specialist safety officers and assistance from independent experts, local authorities, and or community members.
Other functions of the committee include risk assessments, laboratory inspections, and the formulation of new safety policies and programs.
Biosafety Officer (BSO) 
The BSO will liaise with the various stakeholders, internal and external, in order to fulfill his/her responsibilities that include: 
Have all of the responsibilities of core members.
Maintain written records of all meetings, actions, incidents or unusual occurrences, recommendations and decisions, and supply the Regulatory Agencies with a copy of these;
Approve designs for new laboratories in accordance with Regulatory Requirements 
Report regularly to the Director of Health, Safety & Wellness on his/her activities and the resources necessary to set up and maintain adequate safety programs.
Work in collaboration with the Chair of the ASC on chemical, biological, radiological, and other regulatory matters associated with teaching and research activities.
The BSO complies with all mandated functions outlined in the Human Pathogens and Toxins Regulations, Section (9).
Sign off on expedited, renewal or amended biohazard or radioactive safety permits.
Manage the corresponding safety programs at Brock University.
Report to the ASC violations, incidents, audit results and compliance issue associated with research involving the use of biological, radioactive or hazardous materials.
Stop any operation that might result in non-compliance with the relevant regulations or which may pose an undue risk or compromise the health and safety of an individual, the community, or the environment and report the action to the appropriate vice-president immediately.
Faculty Deans
Faculty Deans are ultimately responsible for all research and teaching activities within their faculties and, thus, need to ensure that principal investigators and course instructors abide by all required regulations and that all laboratories in their faculties meet appropriate safety standards.
Principal Investigators (PIs) and Course Instructors
All PIs and Course Instructor shall ensure that all work in their laboratories is done safely in compliance with applicable regulations, guidelines, and standards.  They will:
Obtain required Biohazard Permit for any biohazardous work,
Comply with all conditions of the Permit, 
Address any non-compliance issue brought to their attention by staff or found through routine inspections,
Submit applications/renewal’s in advance of anticipated work (4 weeks) to the BSO,
Ensure that all students/staff are trained to work with the biohazards in their laboratories,
Maintain a list of people authorized to be in the containment area,
Keep biohazards secure,
Ensure that staff receiving, shipping or transporting biohazards are trained in Transportation of Dangerous Goods,
Ensure that laboratories to whom they ship biohazards have the appropriate institutional permits,
Report all deficiencies to their Dean.
Laboratory Staff and Students
Staff and students working in laboratories must:
Be authorized to be in the laboratory,
Comply with Brock’s Biosafety Program and the license issued to the laboratory,
Participate in prescribed safety training before beginning work,
Wear required protective equipment,
Report and document unsafe conditions or procedures to the principal investigator or course instructor,
Report any spill, incident or illness suspected to be related to working with biological hazards to the principal investigator or course instructor.
Facilities Management
Facilities Management (FM) will ensure that all service personnel and custodians who enter laboratories to perform requested or scheduled maintenance or services and repair of equipment are authorized for entry. Such personnel must receive training and their names must be submitted to the BSO for record keeping purposes.  
FM is responsible for maintaining containment standards, where applicable, which may include ventilation requirements, utilities, effluents, and wall, ceiling and floor finishes.
FM will be called upon to be a member of a risk assessment team, as needed.
[bookmark: _Toc424648504][bookmark: _Ref424718830][bookmark: _Toc474937839]Biosafety Principles
The risk of exposure to biological agents in a laboratory depends on a number of parameters (e.g., the agent, its virulence, pathogenicity, subject’s susceptibility, route of transmission, etc.). In general, biosafety containment principles are used to prevent such exposures by containing the agents. To properly design the containment, it is important to recognize the potential routes of transmission for the given agent.
[bookmark: _Toc424648505][bookmark: _Toc474937840]Routes of Transmission
Skin and Mucous Membrane Contact
Low-energy procedures, such as decanting of liquids, pipetting, removal of screw caps, vortex mixing, streaking agar plates, and inoculation of animals can result in the generation of infectious droplets, as well as direct contact with infectious material with eyes is also considered a route of exposure.
Ingestion
Mouth pipetting presents the highest risk for ingestion of infectious material. Splashing of material into the mouth and indirect oral exposure through touching the mouth with contaminated hands can also result in the ingestion of infectious material. Storage of food or drinks in laboratories with biological agents, as well as storage of utensils and eating and drinking in the lab, can also result in ingestion of infectious material.
Percutaneous Inoculation
Use of syringes and needles are considered the greatest risk of exposure through inoculation. Accidental inoculation can also occur as a result of cuts and scratches from contaminated items including syringes used for animal inoculations, as well as animal bites.
Inhalation
Many procedures have the potential for generation of respirable aerosols, including sonication, centrifugation, “blowing out” of pipettes, heating inoculating loops, and changing litter from the cages of infected animals.
[bookmark: _Toc424648506][bookmark: _Toc474937841]Containment
The term “containment” is used to describe safe physical and operational methods for managing hazardous biological agents in the laboratory environment where they are being handled or maintained. The purpose of containment is to reduce or eliminate exposure of laboratory workers, other people, and the outside environment to potentially hazardous agents. The four elements of containment are administrative controls, work practices, personal protective equipment, and facility design. 
Primary Containment
Is the first level of physical barriers designed to contain pathogens and toxins, usually a device or piece of equipment which is between the infectious material or toxins and the individual, the work environment or other areas within the containment zone.  Examples are the use of biological safety cabinets, sealed containers, sealed safety cups, sealed rotors, etc. In a CL1, where BSCs are not generally used, personal protective equipment, such as laboratory coats and gloves may act as the primary barrier between personnel and infectious materials.
Secondary Containment
Is the second level of a physical barrier to prevent the release of pathogens and toxins. The risk evaluation of the work to be done with a specific agent will determine the appropriate combination of these elements. for example, when using a BSC within a room, the room becomes the second level of physical barrier. Other examples are, a second container enclosing the primary containment device, trays for catching spills, among others. 
[bookmark: _Toc424648507][bookmark: _Toc474937842]Risk Groups, Containment Levels and Risk Assessment
Risk Groups Classification for Human Pathogens Including Zoonotic Agents
In Canada, assignment of a particular, well characterized pathogen to a risk group is done by expert groups sponsored by the Federal Agencies (PHAC, CFIA) for most of the pathogens, however not for all. When planning a work with a specific pathogen that has not been categorized in the known risks groups, input from the regulatory agencies should be sought. Researchers may rely on the BSO to make the necessary contact with the agencies to provide any support requested in this respect.
The pathogen risk assessment is the tool used to characterize the consequences and likelihood of exposure to infectious material. The risk associated with pathogens is based on the close examination of the following risk factors:
Pathogenicity/Virulence: Is the pathogen able to infect and cause disease in humans or animals (i.e., pathogenicity)? What is the degree of disease severity in individuals (i.e., virulence)? 
Route of Infection: How does the pathogen gain entry into the host (i.e., ingestion, inhalation, mucous membranes, subcutaneous, genitourinary)? 
Mode of Transmission: How does the pathogen travel to the host (e.g., direct contact, indirect contact, casual contact, aerosolized droplet or airborne transmission, vectors, zoonosis, intermediate host)? 
Survival in the Environment: How stable is the pathogen outside the host? Under what environmental conditions can it survive and for how long? 
Infectious Dose: What amount of pathogen is required to cause an infection in the host (measured in number of organisms)? 
Availability of Effective Preventative and Therapeutic Treatments: Are effective preventative measures available (e.g., vaccines)? Are effective treatments available (e.g., antibiotics, antivirals)? 
Natural Distribution: Is the pathogen present in Canada? Is it prevalent in a particular location, region, or human or animal population? Is the pathogen non-indigenous? 
Impact of Introduction and/or Release into the Environment or the Canadian Public: If the pathogen were introduced into the population or released into the environment (within Canada), what would be the economic, clinical, and biosecurity impact?
Host Range: What are the primary, intermediate, and dead-end hosts? Does the pathogen cause infection in a wide range of species, or is the host range more restricted?
This classification presumes ordinary circumstances in the research laboratory or growth in small volumes for diagnostic and experimental purposes of well characterized pathogens. However, researchers must conduct pathogen risk assessments on uncharacterized pathogens or pathogens that may have been modified.
Other important benefit of the pathogens risk assessment is the development of Pathogen Safety data Sheets (PSDS) available at this link. These may assist the researcher when selecting proper disinfectant, identifying first aid measures, etc. 
	[bookmark: _Ref441232069]Table 1-  Risk Groups Classification (to see the microorganisms in each group, click on the words “Risk Group 2, 3, 4 ” to expand the list)


	Risk Group
	Characteristics

	Risk Group 1
	Present no or low individual and community risk.
A microorganism that is unlikely to cause human or animal disease.

	Risk Group 2 
	Present moderate individual risk, low community risk.
A pathogen that can cause human or animal disease but is unlikely to be a serious hazard to laboratory workers, the community, livestock or the environment. Laboratory exposures may cause serious infection, but effective treatment and preventive measures are available and the risk of spread of infection is limited. 

	Risk Group 3
	Present high individual risk, low community risk.
A pathogen that usually causes serious human or animal disease but does not ordinarily spread from one infected individual to another. Effective treatment and preventive measures are available.

	Risk Group 4
	Present high individual and community risk.
A pathogen that usually causes serious human or animal disease and that can be readily transmitted from one individual to another, directly or indirectly. Effective treatment and preventive measures are not usually available.


Toxins
Toxins are not infectious material, nor can they be classified as standard toxic chemicals; therefore, special considerations must be made when performing a risk assessment on this type of material. 
An exhaustive list of toxins governed by PHAC is included in Schedule 1 and in Part 1 of Schedule 5 of the HPTA. This list can be found here. The principles of chemical safety and biosafety are both applicable when handling biological toxins, and CL2 is the minimum requirement for laboratories where only toxins are handled. 
At Brock, toxins originating from plants and animals that pose a significant risk to the health of researchers and the community are also subject to issuance of a Biosafety Permit, e.g., Tetrodotoxin (aka globefish toxin), Saxitoxin (aka shellfish poison).

The elements to consider when performing a risk assessment to work with a toxin are contained in the Biohazard Permit Form- Toxin Attachment available here. To work with toxins referred in this section a Biohazard Permit is required. Details on how to apply for such permit are explained in Chapter 6. 
[bookmark: _Toc474937843]Biohazards Containment
Containment level designations provide the minimum physical containment and operational practice required for handling infectious material or toxins safely in the containment zone, and are based on a composite of design features, construction, containment facilities, equipment, practices and operational procedures. 
Well characterized pathogens that have had a pathogen risk assessment completed by the agencies have been assigned an appropriate risk group and containment level. The containment level and risk group of the pathogen are generally the same (e.g., RG2 pathogens are handled at CL2), although this may not always be case depending on whether the pathogen has been modified or the original conditions of use have changed or not. On the other hand, there are exceptions, and not all biological material will fall perfectly into a given risk group or containment level following a risk assessment. In some cases, there is a higher or unique level of risk associated when handling certain pathogens (e.g., non-indigenous animal pathogens or prions) or with certain types of work (e.g., in vivo work or in vitro work involving large scale volumes of pure or concentrated cultures of pathogens). In other cases, biological material (e.g., tissues, diagnostic specimens) may harbour pathogens, toxins, prions, or modified components of a pathogen, in which case, a site-specific local risk assessment (LRA) is critical to evaluate and determine which work-specific operational practices and mitigation strategies are to be implemented to achieve the appropriate level of precaution.
There are four containment levels in general, however, at Brock University there are labs designated as CL1, Cl2, and Cl3 only. The characteristics of each of them are mentioned below, in addition, special considerations required when handling security sensible biological material are outlined in this section. Since only one CL4 exist in Canada, located in Winnipeg, we will not cover it in this manual.  
Containment Level 1 (CL1)
CL1 is a basic laboratory with features that provide the foundation for all containment laboratories. Biosafety is primarily achieved through a basic level of operational practices (i.e., good microbiological laboratory practices) and physical design features (e.g., well-designed, functional laboratory).
Containment Level 2 (CL2)
CL2 builds upon the basic laboratory foundation established for CL1. Biosafety and biosecurity at CL2 are achieved through operational practices and a core subset of physical containment requirements that are proportional to the risks associated with the agents handled therein. Operational practices for CL2 include administrative controls (e.g., biosafety program management, training) and procedures (e.g., work practices, PPE use, decontamination) that mitigate the risks associated with the activities conducted within the zone. Physical containment features include facility design (e.g., location, surface finishes, access control) and biosafety equipment, such as primary containment devices (e.g., BSCs) for certain activities.
Containment Level 3 (CL3)
Biosafety and biosecurity at CL3 are achieved through comprehensive operational practices and physical containment requirements. CL3 requires stringent facility design and engineering controls (e.g., inward directional airflow, HEPA filtration of exhaust air), as well as specialized biosafety equipment (e.g., BSCs, centrifuges with sealed rotors), to minimize the release of infectious agents into the surrounding laboratory work area, animal rooms/cubicles, and the environment. CL3 requires a high level of operational practices that build on those required at CL2 (e.g., PPE use, work practices).
[bookmark: _Toc474937844]Local Risk Assessment
LRAs are site-specific risk assessments which are conducted to identify hazards based on the infectious material or toxin in use and the activities being performed. 
As previously mentioned, the containment level and risk group of the pathogen are generally the same, except in cases where the pathogen has been modified or the original conditions of use have changed. In such circumstances, an LRA must be performed by the responsible researcher to identify the risk mitigation strategies that address the specific modification of the pathogen or conditions of use. 
The following factors are considered when determining the specific physical and operational requirements for handling a pathogen: 
Aerosol Generation: Are equipment or procedures that may generate aerosols being used (e.g., pipetting, centrifugation, homogenization)?  Personnel can be exposed to infectious aerosols by direct inhalation of aerosolized droplets or by ingestion of droplets that settle on surfaces or hands.
Quantity: What quantity of pathogen is being manipulated, and in what format (e.g., one large vessel, multiple small vessels)?  Large scale processes (e.g., industrial fermentation, vaccine production) may have different containment requirements than laboratory scale work using the same pathogen.
Concentration of the Pathogen: The concentration of the pathogen may vary depending on the work being performed (e.g., diagnostic specimens may contain a lower concentration of pathogen than pure cultures). 
Type of Proposed Work: What is the nature of the work (e.g., in vitro, in vivo, large scale)? For example, for in vivo work, the type of animal and the inherent risks associated with that animal need to be considered when determining the appropriate containment level. 
Terrestrial animal pathogens
At Brock University, at this time and in the foreseeable future, it is not expected that work with terrestrial animal pathogens (not zoonotic agents) will take place. 
Work with animals not involving pathogens is overseen by the Canadian Council of Animal Care and by the Animal Care and Use Committee (ACC)) of Brock University. 
Any researcher planning to work with terrestrial animal pathogens is invited to contact the BSO to obtain proper guidance. 
Aquatic Animal Pathogens
The required containment level and the stringency of operational practices for aquatic animal pathogens are set by CFIA and are based on an evaluation of the hazards and risks posed by the aquatic animal pathogens, the proposed activities involving the pathogens, and mitigating measures. 
Biosafety risk assessments must take into account the RG of a pathogen as well as the containment level of the facility where the pathogen will be handled. Classification of pathogens according to a risk group (e.g., RG1-RG4) is an internationally accepted practice in the biosafety field and is used to categorize the relative hazard associated with a particular pathogen. The containment requirements for particular microorganisms, activities or animal species are often project-specific, necessitating the modification of containment conditions. In these instances, containment requirements will be developed or existing requirements will be adjusted based on an assessment of various hazards and risk mitigation factors, including the following:
The current physical and operational attributes of the facilities in which the proposed work will be done;
The geographic location of the facility;
The proximity of actual and potential hosts or carriers of the pathogen;
The pathogen host range;
The existence of significant organism biotypes or strains within Canada;
The behavior of the pathogen in the environment;
The virulence of the pathogen;
The mode of transmission or spread (e.g., water-borne, direct or indirect, airborne);
The potential for local or long-distance spread;
The persistence of the organism in the environment (survivability in salt or fresh water, water temperature, etc.);
The availability of pathogen risk information;
The nature of the proposed work (in vitro, in vivo or large scale(ls) in vitro);
The potential capacity to control or eradicate the pathogen if it is released;
The health status of experimental animals entering the facility;
The potential for economic or environmental impacts from the release of the pathogen;
The biosecurity related risks (e.g., the potential for theft and misuse).
Based on a review of the above, the CFIA will determine the appropriate containment level for mitigating the risk of pathogen escape and establishment in Canada.
In the planning stages for live aquatic animal holding facilities, consideration must be given to the proximity of the facility to receiving water bodies due to the potential risk of effluent treatment failure, which could result in the release of pathogens into the environment.
Containment Levels for handling aquatic animal pathogens
Facilities handling aquatic animal pathogens must be constructed and operated to ensure the appropriate containment level for the anticipated work. Consideration is given to the pathogen itself, as well as to the procedures used to manipulate infectious materials and animals, and the volume of the biological material that will be handled.
The classification system for aquatic animal pathogens consists of three levels: AQC1 (Aquatic Containment Level 1), AQC2 (Aquatic Containment Level 2) and AQC3 (Aquatic Containment Level 3), with associated in vitro and in vivo requirements for AQC2 and AQC3. At this time, there are no pathogens requiring AQC4; however, the decision to designate a pathogen as requiring level AQC4 will be made on a case-by-case basis by the CFIA.
Aquatic Containment Level 1 
AQC-1 describes the physical and operating conditions which characterize any well-run laboratory or aquatic animal holding facility working with pathogens that may be present in the aquatic environment but that are not considered a risk to aquatic animals or to the aquatic environment. An AQC1 facility follows basic biosafety and biosecurity protocols related to personnel, animals (if present) and laboratory practices (use of laboratory coats, hand washing stations, standard biohazard waste sites and disposal, good microbiological techniques, appropriate decontamination procedures, sanitary carcass disposal, standard operating procedures (SOPs), etc.).
Aquatic Containment Level 2 
In AQC2 in vitro facilities, containment is achieved through facility design, operational procedures and the use of specialized equipment. An autoclave or other proven technology must be available to treat solid waste and waste water. Containment is achieved primarily through operational practices including training in biosafety and containment precautions, limiting access to authorized personnel, use of protective clothing, effective sanitation and housekeeping, and the use of good microbiological laboratory practices. All AQC1 physical and operational requirements also apply to this containment level.
For AQC2 in vivo work, certain enhancements are required in order to address the unique risks associated with the transmission of aquatic animal pathogens in water, such as the connection of drains and associated piping to an effluent treatment system.
Aquatic Containment Level 3 
AQC3 in vitro containment is achieved through highly specialized facilities, stringent operational procedures and the use of specialized equipment. This type of containment is achieved primarily through physical requirements including inward directional airflow and controlled access systems.
For AQC3 in vivo work, certain enhancements are required in order to address the unique risks associated with the transmission of aquatic animal pathogens in water and containment is achieved through additional physical requirements and operational practices. Washing or showering upon exit may be required based on a local risk assessment. There may be additional heating, ventilation and air conditioning (HVAC) requirements for large scale or in vivo facilities handling pathogens transmissible via the airborne route.
Containment Level for Large Scale Work with Aquatic Animal Pathogens
Enhancement of the containment standards may be required for large scale in vitro work with aquatic animal pathogens. The applicable physical and operational containment requirements depend on the specific pathogen, the volume of pathogen involved, the frequency of activities, and the processes used. Therefore, the containment requirements for handling a large volume of aquatic pathogens will be determined on a case-by-case basis. For specific requirements related to the containment and safe handling of a large volume of microorganisms for research purposes, the Office of Biohazard Containment and Safety, CFIA (OBCS) should be contacted. 
[bookmark: _Toc474937845]Plant Pests
This section refers to facilities that work with plant pests other than weeds, soil, genetically modified plants and arthropod biological control agents.
Plant pests almost never infect or infest healthy people, and they therefore pose little direct risk to laboratory personnel. Some can, however, pose a significant threat to agricultural production, forests and natural environments. As a result, it is important that personnel working with plant pests and the facilities housing these organisms take steps to prevent the accidental escape of potentially damaging pests into the environment. 
Pest Biology and Containment
In order for a plant pest to survive, establish and spread in an environment, the following conditions must be met:
the pest must be able to find a suitable host 
susceptible material (e.g., plant tissue) must be available
the environment must be conducive to the pest's establishment and development. 
These three factors must all occur over a sufficient and overlapping period of time. Natural limitations to any one of the three factors and/or human intervention, such as the use of chemical or biological controls can influence pest establishment or spread. Thus, plant pests can be contained by spatial and temporal isolation from their hosts, either in the natural environment or in containment facilities.
In order to prevent the escape and the establishment of plant pests in the environment, the facilities that work with such pests and their operating procedures must be appropriate to the biology of the specific pests under consideration. In addition, the operating procedures must prevent the introduction of organisms into the facility that could contaminate, kill or transmit contained pests. Effective containment involves the use of trained personnel, appropriate and documented operational procedures, effective use of primary containment devices and facilities designed to limit access to authorized personnel.
Risk Assessment and Containment Levels
Facilities that handle plant pests should be constructed and operated to achieve the containment levels required for the pests concerned. The level required depends on the risk of the plant pest escaping and becoming established in the environment and on the environmental, economic, agricultural, forestry and trade consequences of such an introduction. Facilities that handle plant pests should be constructed and operated to achieve the containment levels required for the pests concerned. The level required depends on the risk of the plant pest escaping and becoming established in the environment and on the environmental, economic, agricultural, forestry and trade consequences of such an introduction.
The containment requirements for a particular organism are frequently project-specific, and are determined after assessing pest risk factors such as:
The known presence or absence of the organism in Canada;
Its host range and the local presence of potential hosts;
The existence of, or the potential for, significant organism biotypes or strains that are exotic to an area;
The history of the organism in other new environments;
The virulence or aggressiveness of the organism;
The availability of pest risk information;
The nature of the proposed work (in vitro, in vivo or large-scale in vivo);
The location, proximity of suitable hosts and time of year of the proposed work;
The mode of transmission or spread (e.g., Active flight, passive airborne, contact, soil-borne, water-borne);
Its potential rate of local and long-distance spread;
The presence of vectors in Canada (e.g., Arthropods, fungi, nematodes);
The presence of vectors in or near the containment facility;
The persistence of the organism in the environment and its potential for overwintering;
Environmental requirements for establishment and spread;
The potential capacity to control or eradicate the organism if it escapes;
The potential for economic or environmental loss from the organism;
The economic and environmental significance of potential pest organisms and their host plants; and
Biosecurity-related risks (e.g., the potential for theft and misuse).
The containment classification system developed has four containment levels:
Basic
Plant Pest Containment Level 1 (PPC-1)
Plant Pest Containment Level 2 (PPC-2)
Plant Pest containment level 3 (PPC-3)
The matrix below represents a conceptual risk model for determining containment level by assessing the likelihood of the pathogen to escape and establish vs. the consequences that it may have.
[image: This image is a graph showing the conceptual risk model for determining containment level.]
Figure 1- Biosecurity risk assessment matrix

Containment Level Requirements for Work with Plant Pests
Basic
Basic containment is the lowest containment level for plant pests and it provides simple, but adequate, barriers to pest escape. Facilities may consist of field plots, basic laboratories or simple glass, plastic or screen houses which may have dirt or gravel floors and unscreened vents. Containment of plant pests is achieved through sanitation, spatial isolation from susceptible hosts, physical security, and signage, destruction of waste and destruction of all viable pests at the end of the experiment or the testing period. Basic containment is applicable for work with low to very low risk plant pests for scientific, research, educational, processing, and industrial or exhibition purposes.
The following are examples of the types of work that could be appropriately conducted (with or without supplemental conditions) in Basic containment:
Establishing a field plot using plants infected with a virus that can only be transmitted by grafting;
Using lyophilized virus-infected plant tissue as a control in an Elisa test; or
Using plant tissue infected with a common strain of tobacco mosaic virus to inoculate tobacco plants for a high school biology project.
Plant Pest Containment Level 1 (PPC-1)
PPC-1 containment is the next higher containment level for plant pests. Facilities include permanent structures such as laboratories, greenhouses and screenhouses. Windows that can be opened must be fitted with appropriate screens, and greenhouses must be fully screened and caulked to both contain and exclude arthropods. An autoclave must be available to treat waste and waste water must be treated to kill pests where appropriate.
The following are examples of the types of work that could be appropriately conducted (with or without supplemental conditions) in PPC-1 containment:
Inoculating host plants with isolates of plum pox or other plant viruses in the absence of the vectors of those viruses;
Importing low-risk tropical insects into butterfly houses for study, display or rearing; or
Studying and rearing nematodes of quarantine concern in Canada that have low spread potential (e.g., Globodera rostochiensis and Ditylenchus destructor).
Plant Pest Containment Level 2 (PPC-2)
PPC-2 facilities include permanent structures such as laboratories and greenhouses but not screenhouses. Containment is achieved through facility design, operational procedures and the use of specialized equipment. All PPC-1 physical and operational requirements also apply to this containment level.
Plant Pest Containment Level 3 (PPC-3)
PPC-3 is the highest containment level for plant pests. All PPC-1 and PPC-2 physical and operational requirements apply to this containment level. Containment is achieved through the use of specialized facilities, stringent operational procedures and the use of specialized equipment. Designing, constructing and maintaining a PPC-3 greenhouse facility is complex and expensive. The use of growth chambers or growth rooms within a PPC-3 facility can be a cost-effective alternative to constructing a PPC-3 greenhouse.
Conducting plant inoculations with imported isolates of Gymnosporangium yamadae, the causal agent of Japanese Apple Rust, in an area in close proximity to susceptible hosts;
Biocontrol research with exotic microbial plant pests that are difficult to contain and in cases where the establishment risks are poorly documented; or
Conducting plant inoculations with pests of environmental and/or economic concern that have a high establishment and/or trade potential risk and that produce airborne spores, such as the pathogen Phytophthora ramorum.
Genetically Modified Plants and Plants with Novel Traits
A plant with a novel trait (PNT) is a plant that contains a trait which is both new to the Canadian environment and has the potential to affect the specific use and safety of the plant with respect to the environment and human health. These traits can be introduced using biotechnology, mutagenesis, or conventional breeding techniques. 
The risk assessment applicable to research activities is focused on controlling the environmental release of PNTs.
Performance of a risk assessment to evaluate the safety of conducting a controlled field research can be assisted by a checklist developed for the purpose that can be obtained by contacting the BSO.
[bookmark: _Toc474937846]Safe Laboratory Practices
Human error, poor laboratory techniques and misuse of equipment cause the majority of laboratory accidents, injuries and work-related infections. This section provides a compendium of technical methods that are designed to avoid or minimize the most commonly reported problems of this nature.
Safe handling of specimens in the laboratory
Improper collection, internal transport and receipt of specimens in the laboratory carry a risk of infection to the personnel involved.
Collection, Transport, and Opening Packages 
Specimen containers are preferably made of plastic. They should be robust and should not leak when capped. No material should remain on the outside of the container. Containers should be correctly labelled to facilitate identification. 
To avoid accidental leakage or spillage, secondary containers, such as boxes, should be used, fitted with racks so that the specimen containers remain upright. The secondary containers may be of metal or plastic, should be autoclavable or resistant to the action of chemical disinfectants, and the seal should preferably have a gasket. They should be regularly decontaminated. 
Gloves should be worn for all procedures.
Blood should be collected from patients and animals by trained and licensed staff.
For phlebotomies, employ single-use safety vacuum devices that allow the collection of blood directly into stoppered transport and/or culture tubes, automatically disabling the needle after use.
The tubes should be placed in adequate containers for transport to the, and within, the laboratory facility. Request forms or other documents should be placed in separate water-proof bags or envelopes.
Personnel who receive and unpack specimens should be aware of the potential health hazards involved, and should be trained to adopt universal precautions particularly when dealing with broken or leaking containers. Specimens should be unpacked in a biological safety cabinet.  Disinfectants should be available.
Infectious Agents Handling Guidelines 
Use mechanical pipetting devices and minimize aerosol production. Pipetting by mouth is prohibited.
All pipettes should have cotton plugs to reduce contamination of pipetting devices.
Air should never be blown through liquid containing infectious agents.
Infectious materials should not be mixed by alternate suction and expulsion through a pipette.
Liquids should not be forcibly expelled from pipettes.
Mark-to-mark pipettes are preferable to other types as they do not require expulsion of the last drop.
A discard container for pipettes should be placed within the biological safety cabinet, not outside it.
Add disinfectant to water baths for infectious substances. 
Use sealed rotors, sealed buckets, or a guard bowl cover complete with gasket as well as safety centrifuge tubes (tube or bottle carrier with sealable cap or “O” ring cap) for potentially infectious samples or otherwise hazardous samples. Before use, the tubes should be checked for cracks. 
Always wait at least 10- 15 minutes after the centrifuge has completely stopped to allow any aerosolized leakage to settle, especially if the samples are potentially infectious. 
Always use secondary leak-proof containers when transporting samples, cultures, inoculated Petri dishes, and other containers of biohazardous materials
Syringes fitted with hypodermic needles must not be used for pipetting. Blunt cannulas should be used instead of needles. There are devices for opening septum-capped bottles that allow pipettes to be used and avoid the use of hypodermic needles and syringes.
To avoid dispersion of infectious material accidentally dropped from a pipette, a disinfectant-soaked cloth or absorbent paper should be placed on the working surface; this should be autoclaved or discarded as infectious waste after use.
Avoiding the dispersal of infectious materials
In order to avoid the premature shedding of their loads, microbiological transfer loops should have a diameter of 2–3 mm and be completely closed. The shanks should be not more than 6 cm in length to minimize vibration.
The risk of spatter of infectious material in an open Bunsen burner flame should be avoided by using an enclosed electric microincinerator to sterilize transfer loops. Disposable transfer loops, which do not need to be re-sterilized, are preferable.
Catalase tests should not be performed on slides to avoid bubbling and dispersal of aerosols. The tube, capillary tube or cover-glass methods should be used instead.
Discarded specimens and cultures for autoclaving and/or disposal should be placed in leak-proof containers, e.g., biohazard bags.
Working areas must be decontaminated with a suitable disinfectant at the end of each work period. 
Avoiding ingestion of infectious materials and contact with skin and eyes
Large particles and droplets (> 5 m in diameter) released during microbiological manipulations settle rapidly on bench surfaces and on the hands of the operator. Disposable gloves must be worn. Laboratory workers should avoid touching their mouth, eyes and face.
Consumption and storage of food and drink in the laboratory are prohibited.
Gum-chewing in the laboratory is prohibited.
Application of cosmetics in the laboratory is prohibited.
The face, eyes and mouth must be shielded or otherwise protected during any operation that may result in the splashing of potentially infectious materials.
Avoiding injection of infectious materials
Accidental inoculation with broken or chipped glassware can be avoided through careful practices and procedures. Glassware, including pipettes, should be replaced with plastic ware whenever possible. For  Especial considerations on sharps waste
Needle-stick accidents, which may result from handling hypodermic needles, glass pipettes and broken glass, can be reduced by (a) taking particular care, and (b) minimizing the use of syringes and needles; for many techniques, syringes with blunt cannulas may be used instead. Simple devices are available for opening septum-stoppered bottles so that pipettes can be used.
Needles must never be recapped. Without disconnecting them from the syringe, disposable articles should be discarded into sharps containers (puncture-proof containers fitted with covers).
For details on sharps safe handling, refer to the following cross-reference Especial considerations on sharps waste.
Separation of serum
Only properly trained staff shall be employed for this work.
Gloves and eye and mucous membrane protection must be worn.
Splashes and aerosols can be avoided or minimized by good laboratory technique. Blood and serum should be pipetted carefully, not poured. 
After use, pipettes should be completely submerged in hypochlorite or other suitable disinfectant. They should remain in the disinfectant for at least 18 h before disposal, or washing and sterilization for reuse.
Place discarded specimen tubes containing blood clots, etc. (with caps replaced) in suitable leak-proof containers for autoclaving and/or incineration.
A solution of hypochlorite, freshly prepared daily, should be available for clean-up of splashes and spillages.
Opening of ampoules containing lyophilized infectious materials
Care should be taken when ampoules of freeze-dried materials are opened, as the contents may be under reduced pressure and the sudden inrush of air may disperse some of the materials into the atmosphere. Ampoules must always be opened in a biological safety cabinet. The following procedures are recommended for opening ampoules.
First decontaminate the outer surface of the ampoule.
Make a file mark on the tube near to the middle of the cotton or cellulose plug, if present.
Hold the ampoule in a wad of alcohol-soaked cotton to protect hands before breaking it at a file scratch.
Remove the top gently and treat as contaminated material.
If the plug is still above the contents of the ampoule, remove it with sterile forceps.
Add liquid for resuspension slowly to the ampoule to avoid frothing.
[bookmark: _Toc474937847]Personal Protective Equipment
[bookmark: _Toc384209010]Introduction
Use of personal protective equipment (PPE) is one of several strategies available to minimize the exposure of workers to biohazardous materials. Every type of PPE must be carefully chosen to ensure it is appropriate for the procedures being used in the laboratory.
Examples of PPE include gloves, gowns, masks, goggles, boot covers, and respiratory equipment.
[bookmark: _Toc384209011][bookmark: _Toc474937848]Hand Protection
The use of well-fitting gloves is basic for work in any laboratory where biohazardous materials are manipulated.  While latex gloves may effectively prevent exposure to blood and fluids, they are not approved for use because many persons develop allergies to them which can become life-threatening. Latex-free gloves such as nitrile gloves are suitable alternatives. 
Gloves should be relatively tight-fitting to maintain manual dexterity. When working directly with pathogens double-gloving provides an extra measure of protection, as gloves can have pinholes invisible to the naked eye that provided a route for direct contact with the skin. Always wash hands after removing gloves.
When additionally working with hazardous chemicals it is useful to know that glove materials differ in permeability depending on the substance to which they are exposed and must be carefully chosen based on the hazard. Glove charts published by the glove manufacturers are readily available on the web:
Ansell Gloves  
Gloves Acklands Grainger  
Gloves- Fisher Scientific Canada
VWR Canada
[bookmark: _Toc384209012][bookmark: _Toc474937849]Clothing
The most common protective garment worn in the laboratory is the classic button-front lab coat, available from any scientific supply house. While this design of lab coat is suitable for many types of lab work, there are better choices for work with biohazards.
Coats suitable for work with biohazards should have the following:
knitted cuffs to reduce turbulence when working at the biological safety cabinet, to protect the skin around the wrist, as well as the cuff from getting into contact with contaminated material, and to simplify the donning of gloves over the cuffs;
full coverage to the neckline;
snap closures on the front or, if wrap-around, ties for quick removal; below-the-knee length for coverage while sitting;
fabric which is impermeable to fluid spills;
well-fitting, not baggy, to prevent snagging on equipment.
In instances when the type of work being done is not likely to cause a splash or a spill, a V-neck type with cotton/poly blend coat is suitable.
	[image: ]
	The clothing can be disposable (one-time use) or re-usable. Re-usable coats must be able to withstand autoclaving. Figure 2 depicts a good design for working in a lab with biohazardous materials. It has:
· knitted cuffs, which covers the writs adequately;
· snap closures for quick removal;
· full coverage to the neck;
· full length to cover the legs when seated at the biological safety cabinet.

	Figure 2- Lab coat appropriate for biohazardous work


	The design in Figure 3 represents a more traditional style of lab coat. Conventional cuffs are more difficult to cover with protective gloves. The V-neck does not fully protect the body from splashes.
Lab coats should have no loose pockets which can catch on furniture. Sleeves should be the appropriate length to avoid rolling up excess material.  Special consideration must be made for pregnant laboratorists as conventional lab coats do not fit properly.
	[image: ]


	Figure 3- Traditional lab coat inappropriate for biohazardous work.



[bookmark: _Toc384209013][bookmark: _Toc474937850]Eye and Face Protection
Appropriate eye and face protection must be worn when working in areas where there is a hazard to the eyes and face. Hazards include dusts, mists including aerosols, and vapors.  All safety eyewear must be certified by the Canadian Standards Association. Regular prescription glasses are not suitable.
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Figure 4- Splash goggles
	[image: ]Figure 5- Safety glasses

	[image: ]Figure 6- Face Shield


Splash goggles (Fig. 4) are the best protection for most lab work.  These fit tightly to the face and protect the eyes from dusts, mists, and splashes of infectious materials and other hazardous liquids. 
Safety glasses (Fig. 5) are sometimes suitable for lab work; however, they protect only against impact hazards such as flying objects. They do NOT protect against splashes of hazardous materials. 
Face shields (Fig. 6) provide full face and mouth protection. Face shields are always used as a supplement to splash goggles or safety glasses; a face shield is not worn as a sole piece of protective equipment.
While not likely to be encountered during routine lab work, a full-face respirator also supplies eye and face protection as an integral part of its design.
The most common reason laboratorists do not wear protective eyewear is that the item chosen does not fit. There are many styles manufactured by several manufacturers which are sold through laboratory supply houses and safety equipment vendors. It is recommended that several styles be tried to find the best fit.
[bookmark: _Toc384209014][bookmark: _Toc474937851]Respiratory Protection
Infective materials which are spread via aerosols are of special concern. The primary method of containment of such materials is the use of a biological safety cabinet and specially designed equipment such as centrifuges with sealed cups. Work at Containment Level 2 rarely, if ever, requires the use of respiratory protection such as half-face respirators as all work is to be performed in proper containment devices. In rare instances, individuals with specific medical conditions may also require the extra safeguard of respiratory protection even at CL2 level. The requirement for respirators is identified when conducting a risk assessment for the work. A certified BSC to be used for procedures involving open vessels of infectious material or toxins that:
· may produce infectious aerosols or aerosolized toxins, when aerosol generation cannot be contained through other methods;
· involve high concentrations of infectious material or toxins; or
· involve large volumes of infectious material or toxins.


[image: ]All persons who require respiratory protection should contact the office of Health, Safety and Wellness for facilitation during the respirator selection process.  A medical assessment and fit-testing of the respirator are necessary before using the respirator.
[bookmark: _Toc384209015][bookmark: _Toc474937852]Foot Protection
Persons working in laboratories must wear closed-toe closed-heel shoes that are non-absorbent and without ventilation holes (no cloth shoes or ventilated plastic clogs). Sandals are prohibited in laboratories and areas where hazardous materials are used or stored. When working in animal areas, safety shoes may be required.[bookmark: _Ref432767236]Figure 7- Disposable boot covers


Footwear as described above (Figure 7) can be protected by use of disposable boot covers when it is difficult or impossible to disinfect it for reuse.
[bookmark: _Toc384209016][bookmark: _Toc474937853]Contaminated Personal Protective Equipment
From time to time, spills may occur that contaminate your PPE.  Disposable goods such as gloves may be placed in biohazard waste bags and treated as biohazardous waste. Reusable items such as lab coats may be decontaminated by using disinfectants or by autoclaving before being laundered. If shoes become contaminated from spills, the shoes will require decontamination by autoclaving before reuse. Alternatively, the shoes can be sent for incineration.
For washing and drying of PPE there is equipment available in the Cairns building room 108. There is a day assigned to main users in order to accommodate everyone and maintain order. 
Access to the room is controlled by a proxy card as the communal autoclave is also housed here. If you need access contact your lab supervisor. 
The schedule and instructions for the use of the washer and dryer are below:
Users will bring their own detergent (high efficiency type).
Users will follow the schedule posted in the table below.
Before laundering, ensure that any clothing spilled with infectious material has been previously autoclaved or decontaminated with a disinfectant appropriate for the pathogen involved.  
Any equipment found defective should be reported to Facility Supervisor at ext. 3999 or via email at jclutterbuck@brocku.ca
Use the paper towel provided in the room to wipe dry any small spillage of water. If the spillage is too large to be dealt with paper towel, please call custodial services at X 3508 for assistance.
	Monday
		Applied Health Sciences

	Tuesday
		Comparative Bioscience Facility

	Wednesday
		Chemistry

	Thursday
		Comparative Bioscience Facility

	Friday
		Biology

	Weekends/nights
		Open, used on first-come first-served basis.

	Facilities Management staff may use these equipment any day during the night shift.



[bookmark: _Ref431895751][bookmark: _Ref431895757][bookmark: _Toc474937854]	Transportation, Importation, Exportation and Transfer of Biohazards
Importation, exportation, and transfer of Dangerous Goods are regulated under the Human Pathogens and Toxins Act the Human Pathogens and Toxins Regulations, and the Transportation of Dangerous Good Act (TDGA) and Regulations.  Any person handling, shipping, receiving, offering for transport or transporting dangerous goods must comply with the TDG Act and Regulations. The following list of material commonly employed in biology labs are considered Dangerous Goods regulated under the TDG. 
	UN number
	Shipping Name and Description

	UN2814
	Infectious Substance, Affecting Humans

	UN2900
	Infectious Substance, Affecting Animals Only

	UN3373
	Biological Substance, Category B

	UN3245
	Genetically Modified Microorganisms not containing infectious substances

	UN1845
	Carbon Dioxide Solid; or Dry Ice

	UN1977
	  Nitrogen, refrigerated liquid


Before engaging in packaging, shipping, receiving, transporting, or offering for transport the above-listed materials training in TDG is required. The training is arranged by the office of HSW with third party. Laboratory supervisors should identify personnel in their labs that require new or refresher training (training is valid for three years) and contact the BSO for scheduling an in-class or online training session. 
It is also a requirement under the TDGA that those engaged in shipping dangerous goods ensure that the transporter/receiver also has the appropriate TDG training. Prove of training issued after training completion (card) must be carried by the individuals while carrying out these activities. 
Transportation methods shall minimize risks to any person involved at the sending or destination institutions, as well as the general public. Hazards are compounded by improper packaging; a broken specimen container may lead to contamination of both laboratory and non-laboratory personnel, and an improperly labeled package may be opened inadvertently by secretarial, clerical or other untrained staff.
[bookmark: _Toc474937855]Importing/Exporting/Transfer of Biological Agents Affecting Humans and Terrestrial Animals
As of December 1st 2015, importing/exporting/transfer biological agents affecting human and terrestrial animal (includes avian and amphibian) no longer require a permit issued by PHAC.                    
Anyone who intends to import, export or transfer a substance or material that is/or contains a pathogen to humans and/or terrestrial animal must possess a Biohazard Permit issued by the Biosafety Committee (see Individual Biohazard Permits at University Level and Table 2- Required Forms, for details) and communicate the institutional BSO of such intention in anticipation to the acquisition. The BSO will make the necessary internal arrangement with Sciences Stores to import/export the material. 
Importing and exporting the above-mentioned controlled biohazards must be done through Sciences Stores only, for pathogen accountability purposes as required under the HPTR.
Transfers are not necessarily subject to central processing; therefore, individual researchers may carry out the transfer by themselves; however, the notification requirement applies. The Biohazardous Agent Transfer Notification form is to be used for this purpose. The form can be seen in Figure 16- Biohazardous Agent Transfer Notification form, and is available online for download.
[bookmark: _Toc474937856]Importation of Biological Agents Affecting Animals Only
Permits are required for the importation of animal pathogens into Canada.
The Canadian Food Inspection Agency issue permits for:
1. Animal pathogens that:
are not indigenous to Canada (pathogens causing foreign animal and emerging animal diseases), 
2. Aquatic and plant pathogens, 

3. The following, when infected or potentially infected with animal pathogens: 
animals, 
animal products, 
animal by-products, 
tissue, 
sera, and 
blood. 
Animal pathogens under the control of CFIA are listed in a database maintained by the Biohazard Containment and Safety Unit, CFIA. This is a dynamic listing that is continuously amended to include emerging pathogens that may require restriction. Animal pathogens that are considered as non-indigenous to Canada form a portion of this data base and are severely restricted. For each animal pathogen, the CFIA must be consulted for its importation, use and distribution. 
CFIA also establishes the conditions under which animal pathogens will be maintained and work will be carried out. The containment level required for working with specific pathogens is kept in a listing maintained by this office.
An application to import animal pathogens into Canada must be made to the CFIA. After evaluation and approval an import permit will be issued which must accompany the pathogen into Canada. A single or multiple-entry permit will be issued according to the particular situation. The import permit will specify the conditions under which the pathogen is to be maintained and work is to be carried out.
Application for Permit to Import (CFIA/ACIA 5083) - PDF (181 kb)
Applicants are also required to submit the application form "Facility Certification for the Importation of Animal Pathogens".
Information on the status of animal pathogens may be obtained from:
Biohazard Containment and Safety Unit
Canadian Food Inspection Agency
59 Camelot Drive
Ottawa, ON
K1A 0Y9
Tel: (613) 225-2342 (x4256)
Fax: (613) 228-6129
http://www.inspection.gc.ca/animals/biohazard-containment-and-safety/eng/1300121579431/1315776600051 
Transfer
If an agent is brought into Canada under an import permit that restricts its distribution, further approval must be obtained from the CFIA before transferring the agent to another location.
For importation of animal products and tissues that are free of animal pathogens, contact the CFIA Area Office.
Please note that permits are also required from the CFIA for the importation of plant pathogens under the Plant Protection Act and regulations. For more information on how to obtain a permit to import plants or seeds visit this website; http://www.inspection.gc.ca/plants/plant-protection/imports/eng/1324569244509/1324569331710 

[bookmark: _Ref441241903][bookmark: _Toc474937857]Working with Biohazards
[bookmark: _Toc474937858]What are biohazards?
Biohazards are infectious agents or biological material that present a risk to the health of humans, animals or the environment. The risk can be direct through infection, hypersensitivity reactions, or by altering neuromuscular transmission or cellular functions and structures. The risk can also be indirect through damage to the environment.
Biohazardous materials include microorganisms infectious to humans, animals or plants (e.g., parasites, viruses, bacteria, fungi, prions, and rickettsia), certain types of recombinant DNA, genetically modified organisms, and biologically active agents (i.e., toxins, allergens, venoms) that may cause disease or significant impact to the environment.
[bookmark: _Toc474937859]How are biohazards controlled?
License Requirement form PHAC
Any activity including working with, handling, storing, disposing, importing, transferring and transporting human and terrestrial animal pathogens in RG2, RG3, and RG4 is regulated by PHAC under the HPTA and HPTR.  In addition, the CFIA controls activities with animal and plant pathogens under the Health of Animal Act and Regulations, Plant Protection Act, and the Seeds Act.
PHAC requires from organizations conducting activities under their purview to obtain a License issued by them.  Such license is issued after competency in managing and administering biosafety and biosecurity risks that may arise by the particular agents/activities conducted is demonstrated. Organizations where research with controlled biohazards is conducted can demonstrate competency in the form of an Administrative Oversight Plan. Such plan has been developed by members of the Brock Biosafety Committee in accordance with current standards, practices and procedures applicable to biosafety and biosecurity, and was approved by the university responsible stakeholders and is posted online. This plan establishes the commitment of the University’s senior administration to control risks through the implementation of the Biosafety Policy, and appropriate processes and procedures that are described in this manual.
[bookmark: _Ref471478798]Individual Biohazard Permits at University Level
A Biohazard Permit System has been implemented as part of the Administrative Oversight Plan to control the biosafety and biosecurity risks posed by biohazards. Anyone intending to carry out the above-mentioned activities must fill out a biohazard permit application and send it along with the research proposal to the university Biosafety Officer at lvistorte@brocku.ca or drop it at Cairns 507. The project will be reviewed by the Biosafety Committee or in some instances by the BSO for compliance with the physical and operational requirements (refer to Chapter 8) before the permit is approved. A copy of the Biohazard Permit will be sent to the Office of Research Services. Release of funds for research will be subject to the issuance of this Permit. Work with RG1 material does not require a permit, but the research project shall be reviewed for confirmation that the appropriate risk group has been assigned after which a biohazard clearance will be issued to the applicant and also sent to the ORS. 
Note: Requirements and standards to conduct work with RG3 pathogens are outlined in a separate manual.  Given the low volume of applications for this level, interested parties should contact directly the BSO for steps to follow in order to obtain approval.
Documentation required for working with biohazardous material
Risk Group 1 material
Material rated RG1 does not require a Biohazard Permit; however, it does require a clearance from the BSO, in order to ensure that the material has been properly classified and that any risk is accounted for and minimized. Types of material generally classified as RG1 include, saliva, urine, feces, and bodily fluids excluding blood, as well as microorganisms rated RG1. 
Risk Group 2 material
A permit is required for the handling and possession of material rated RG2, whether it is of human, animal or plant origin. This also applies to harmful non-microbial toxins. Applicable forms are outlined below.
The following is the list of biohazardous materials rated Risk Group 2, as such require a Biohazard Permit.
Microorganisms and microbial toxins ranked RG2[footnoteRef:2]; for a list of these refer to page 15. [2:  The Schedule 2 of the HPTA lists the most common microorganisms in this category, although the list is not exhaustive. When in doubt contact the Biosafety Officer. Select Toxins requiring CL2 standards are listed in the Schedule 1 of the HPTA.] 

Non-microbial toxins known to have harmful effect on human health;
Any commercial eukaryotic cell line rated risk group 2 (due to lysogenic viruses historically associated with the cell line);
Any human specimens, including blood or other body fluids, or primary culture of isolated cells or fixed tissues;
Any non-human primate specimens, including blood or other body fluids, or primary culture of isolated cells or fixed tissues;
Animals and their tissues that are known or reasonably believed to contain pathogens;
Any isolated preparation of microbial toxin;
Animal or plant species not indigenous to Canada;
Greenhouse or field studies with transgenic plants (Plants with Novel Traits aka PNT);
Plant Pests;
Genetic manipulations involving adenovirus, lentivirus, or retrovirus-based vector systems;
Large-scale, single-volume culture in excess of 1 liter of any microbial or eukaryotic cell line;
Genetic manipulations involving virulence genes or microcide resistance genes; 
Xenotransplant or genetic therapy studies involving vertebrate donors and/or recipients;
Environmental specimens reasonably suspected to contain pathogenic microbes.
Table 2 shows the forms required for each type of activity (work, import, or transfer) with each type of biohazard. 
[bookmark: _Ref395255477]Table 2- Required Forms 
	BIOHAZARDOUS MATERIAL
	WORK WITH OR POSSESS
	IMPORT
	PURCHASE FROM CANADIAN SUPPLIER
	TRANSFER

	Biological agents in RG1
	Containment Level 1 Clearance Form
	none
	none
	none

	Biological agents affecting human and terrestrial animal in RG2
	Biohazard Permit Form
	ID of the University License (contact BSO)
	ID of the University License (contact BSO)
	Biohazardous Agent Transfer Notification

	Prescribed microbial toxins (non SSBA)/ non-microbial toxins
	Biohazard Permit Form + Toxins Attachment
	ID of the University License (contact BSO)
	ID of the University License (contact BSO)
	Biohazardous Agent Transfer Notification

	Aquatic Animal Pathogens
 (AQC-1)
	Biohazard Permit Form
	Permit to Import Aquatic Animal Pathogens[footnoteRef:3]  [3:  In most of cases CFIA will need to be contacted to request Import Permit requirements. Contact BSO for assistance.] 

(for susceptible species  of animal)
	Permit to Import Aquatic Animal Pathogens[footnoteRef:4]  [4:  In most of cases CFIA will need to be contacted to request Import Permit requirements. Contact BSO for assistance.] 

(for susceptible species  of animal)
	Contact BSO as CFIA needs to be contacted 

	RG 1 Plant Pests
 (PPC-1)
	PPC-1 Self-assessment Checklist
	Permit to import plants and other things4
	Permit to import plants and other things4
	Contact BSO as CFIA needs to be contacted

	Plants with Novel Traits 
(PNT)
	Biohazard Permit Form
	Permit to import plants and other things4 
	Permit to import plants and other things4
	Contact BSO as CFIA needs to be contacted


Non-compliance
Owning and/or handling controlled biohazards are subject to approval in accordance with the Biosafety Policy and processes in place as described in this chapter. Non-compliance places the University Biohazard License issued by PHAC in jeopardy as it may be revoked.  Therefore, compliance must be maintained. Any case of non-compliance will be initially dealt with by the BSO. If necessary, it will be brought to the Biosafety Sub-committee for analysis. Appropriate action will be taken in accordance with the level of risk associated and severity of the action or inaction. In severe cases actions may include an order to suspend work until compliance is attained.
[bookmark: _Toc474937860]Bloodborne Pathogens
Bloodborne pathogens are infectious microorganisms in human blood that can cause disease in humans. These pathogens include, but are not limited to, hepatitis B (HBV), hepatitis C (HCV) and human immunodeficiency virus (HIV). Needlesticks and other sharps-related injuries may expose individuals to bloodborne pathogens. Individuals working in labs where blood or other body fluids are handled may be at risk for exposure to bloodborne pathogens.
In order to prevent exposure to and contamination with such bloodborne pathogens, standard precautions must be used when handling the following materials:
· blood; 
· all body fluids (semen, vaginal fluid, cerebrospinal, synovial, pleural, peritoneal, pericardial, and amniotic fluids), secretions, and excretions except sweat, regardless of whether or not they contain visible blood; 
· non-intact skin; 
· mucous membranes; and
· needles, scalpels and other sharps.
[bookmark: _Toc474937861]Standard Precautions 
Use gloves, coat, mask, and eye protection. 
Use safer medical devices, such as needleless devices, shielded needle devices, and plastic capillary tubes, as appropriate.
Apply care while doing blood sampling techniques and handling materials contaminated with bodily fluids.
Any procedure with the potential to generate aerosols (e.g., vortexing or sonication of specimens in an open tube) must be performed in a BSC. 
Use sealed centrifuge rotors or gasketed safety carriers for centrifugation. 
Rotors and safety carriers shall be loaded and unloaded in a BSC. 
Procedures conducted outside a BSC must be performed in a manner that minimizes the risk of personnel exposure and environmental release. 
Blood or other potentially infectious material spill shall be cleaned up and decontaminated immediately. An accident that results in an exposure with body fluids to be reported promptly to the supervisor.
If a breakable item becomes contaminated with body fluids and falls to the floor and breaks, use a broom and dustpan, tongs or forceps to pick it up; never pick up with hands even if gloves are being worn.
Work surfaces shall be decontaminated upon completion of work with appropriate disinfectants. 
All waste must be decontaminated prior to disposal.  
Take extreme caution to avoid accidental wounds from sharps.
Dispose of sharps in sharps containers only.
Dispose of any non-sharps items touched by body fluid in a biohazard bag (orange autoclave bag with biohazard sign).
Always wash hands with soap and water after removing PPE and before leaving the lab.


[bookmark: Storage_of_ampoules_containing_infectiou][bookmark: _bookmark63][bookmark: Special_precautions_with_blood_and_other][bookmark: _bookmark64][bookmark: _Toc424648509][bookmark: _Ref424655085][bookmark: _Toc474937862]Operational Requirements
[bookmark: _Toc474937863]For Risk Group 1
A permit is not required for work with microorganisms in RG1; however safe laboratory practices are to be followed to mitigate the risk of infection posed by some opportunistic microorganisms in this group in the presence of an immunodeficient host. 
[bookmark: _Toc474937864]For Risk Group 2 
The following are operational requirements for working with or storing biohazardous material categorized RG2. Guidance on how requirements can be achieved is provided throughout the lengths of this manual. In addition, anyone wishing more information than what is provided here or assistance is invited to contact the BBSC or the BSO at any time. 
A brief outline of the program intent to be provided in the application for the Biosafety Permit.
The Biohazard Permit shall be displayed on all entry doors leading into the area.
Appropriate dedicated PPE specific to the lab to be donned in accordance with entry procedures and to be exclusively worn and stored in the containment zone (laboratory).
Personal clothing to be stored separately from dedicated PPE.
Personal belongings to be kept separate from areas where infectious material or toxins are handled or stored.
Gloves to be worn when handling infectious material, toxins, or infected animals.
Personnel to doff dedicated PPE in a manner that minimizes contamination of the skin and hair when exiting the containment zone.
Safe laboratory practices must be followed.
The biohazard symbol with all relevant information in it shall be posted on all entry doors. Refer to Figure 15- Biohazard Signage Template; this template can be obtained from the BSO, and also from Sciences Stores. 
Doors must stay closed at all times and access to labs shall be limited to trained users. Maintenance and janitorial staff shall receive training commensurate with the risks posed to their work before access is granted.  Visitors may only enter the labs when accompanied by authorized personnel.
Dedicated paper/computer work areas shall be separated from lab work areas in order to prevent contamination with infectious materials or toxins. 
Standard operating procedures specific to each project or activity are to be written and updated as required, including:
· The safe handling of infectious materials, toxins, and/or infected animals.
· Entry/exit procedures for personnel, animals, and materials.
· Decontamination and waste management.
· Correct use and operation of laboratory equipment.
· Personal protective equipment (PPE) requirements.	
· Movement and transportation of biological material.
· Emergency and spill procedures.
· Procedures in case of exposure or suspected exposure to biohazardous material.
Lab personnel to demonstrate knowledge of and proficiency in the SOPs on which they were trained.
Records pertaining to any imported and domestically acquired material to be kept for 5 years following the date of disposal, complete transfer or inactivation of the imported infectious material or toxin, and made available upon request.
Biohazardous material shall be kept secured in the containment zone, and an inventory of it kept up to date. Refer to Table 10 for an inventory template.
Lab personnel to immediately notify their supervisor of any illness caused by, or that may have been caused by, biohazards being handled or stored.
Emergency medical contact card to be issued to lab personnel handling non-human primates (NHPs) or a pathogen identified by a risk assessment.
The BSO shall monitor biological material that enters, is held within, or leaves the containment zone.
Primary containment devices such as biosafety cabinets, sealed rotors or sealed safety cups are to be provided and properly used.
Verification of the integrity of primary containment devices to be performed routinely in accordance with SOPs.
Containers of infectious material or toxins stored outside the containment zone to be labelled, leak-proof, impact resistant, and kept either in locked storage equipment or within an area with limited access.
Hands must be washed after handling infectious materials or toxins and when exiting the containment zone.
The following activities are prohibited while in the labs:
· Contact of the face or mucous membranes with items contaminated or potentially contaminated with infectious material or toxins.
· Oral pipetting of any substance.
· Experimentally infecting cells or other specimens derived from the person conducting the experiment.
Hair that may become contaminated when working in the containment zone to be restrained and/or covered.
Type of footwear worn to be appropriate to prevent injuries and incidents.
Open wounds, cuts, scratches, and grazes exposure are to be covered with waterproof dressings.
Use of needles, syringes, and other sharp objects shall be strictly limited and bending, shearing, re-capping, or removing needles from syringes avoided.
Work surfaces shall be cleaned and decontaminated with a disinfectant effective against the infectious material in use, or a neutralizing chemical effective against the toxins in use at the end of each experiment and after any spillage.
A certified BSC to be used for procedures that:
· May produce infectious aerosols or aerosolized toxins, when aerosol generation cannot be contained through other methods;
· Involve high concentrations of infectious material or toxins; or
· Involve large volumes of infectious material or toxins.
Gloves to be removed before exiting the BSC.
Sustained open flames are prohibited in a BSC; on-demand open flames to be avoided.
Procedures to be in place to prevent a leak, drop, spill, or similar event, during the movement of infectious material or toxins within the containment zone, or between containment zones within a building.
Sample collection, addition of materials, or transfer of culture fluids from one closed system to another to be performed in a manner that prevents the release of aerosols or the contamination of exposed surfaces.
Traffic flow patterns from clean to dirty areas shall be established and followed.
Sharps are only to be discarded in sharps containers, which are:
· Leak-proof 
· Puncture-resistant 
· Fitted with lids
· Specifically designed for sharps waste
Biohazardous waste shall be effectively decontaminated before disposal.
Containers with biohazardous material shall be surface decontaminated before removal from the lab.
Incidents investigations involving infectious material, toxins, infected animals, or failure of containment systems are to be conducted and documented by Principal Investigators in liaison with the BSO.
Lab personnel must be trained on biosafety and on the hazards associated with the work involved. This training shall also be refreshed, documented and updated as necessary based on risk assessment.
Trainees to be supervised by authorized personnel when engaging in activities with infectious material and toxins until they have fulfilled the training requirements.
Refresher training on emergency response procedures to be provided annually.
The laboratory (including floors) must be kept clean, free from obstructions, and free from materials that are in excess, not required, or that cannot be easily decontaminated.
Insects and rodent sightings must be reported immediately to Health and Safety, for elimination through the university pest control program.

Training Requirements
As mentioned above, all personnel involved in performing any type of work with biohazardous material or that work in a place where biohazardous material is handled, must receive training appropriate to the risks involved.
Principal investigators, laboratory supervisors, students, consultants, and visitors working directly with biohazards shall receive a full Biosafety Training provided campus wide through the office of HSW. 
Courses offered are posted online. To enroll visit the site Focus on learning  and register. Records of attendance to the courses offered this way are stored online, and available on your Isaak/Sakai portal under the Safety_Training_Site tab.
In addition to these campus-wide courses, personnel in laboratories shall receive training by their supervisors targeted to the practices and procedures specific to the projects in hand that minimize the risks posed by the specific biohazards found in their space. Training documentation must be kept for 5 years.
[bookmark: _Toc424648510][bookmark: _Toc474937865]Physical Containment requirements
Physical containment requirements are designed to mitigate the risks associated with handling or storage of infectious materials, infected animals, or toxins. Physical containment is achieved through specific physical barriers provided by engineering controls, and facility design. 
Part of the Program Biosafety is conducting an overarching assessment, university wide, to identify the status of compliance with the physical requirements. This task will be addressed by a risk assessment team whose members have varied expertise appropriate for the task.
The following are the physical containment requirements for a containment level 2 lab
Containment zones must be separated from public and administrative areas by a door.
Paper/computer work must be kept separate from the area.
Laboratory work areas located outside of animal cubicles.
Windows positioned on the containment barrier must include effective pest control and security.
Doors to the containment zone must be lockable.
Space to be provided at the containment zone point of entry for storage of personal protective equipment in use.
Doors, frames, casework, bench-tops, and laboratory furniture to be constructed from non-absorbent material. Wood surfaces must be sealed to be non-absorbent.
Surfaces and interior coatings cleanable and resistant to scratches, stains, moisture, chemicals, heat, impact, repeated decontamination, and high pressure washing, in accordance with function.
Are surfaces continuous with adjacent and overlapping materials?
Indicate whether backsplashes installed tight to the wall are:
· Sealed at the wall-bench junction
· Continuous with work surfaces
· N/A (backsplashes are not present in the containment zone)
Floors are to be slip resistant, as necessary.
Handwashing sinks are to be:
· Provided
· Located as close as possible to the point of exit of the containment zone
The HVAC system to provide sufficient air changes per hour (AC/hr.) under normal operation to maintain airflow, based on facility function.
Emergency eyewash and shower equipment to be provided in accordance with containment zone activities.
Containment zone to be designed to control the release of large scale process fluids into sanitary sewers.
Certified BSC and other primary containment devices to be provided, as determined by risk assessment.
Class II BSCs to be installed and set-up to minimize the reversal airflow from the face of the BSC during HVAC system failure.
Process equipment, closed systems and other primary containment devices to be designed to prevent the release of infectious materials and toxins.
BSC when present to be located away from high traffic areas, doors, windows, and air supply or exhaust diffusers.
Technologies for the decontamination of contaminated materials to be provided within the containment zone, unless procedures are in place to transport waste securely out of the containment zone to an appropriate decontamination area.
Decontamination technologies to be provided with monitoring and recording capabilities to capture operational parameters.
Vacuum systems to be equipped with a device to prevent internal contamination.
A communication system to be provided between the laboratory work areas and outside the containment zone.
[bookmark: _Toc424648512][bookmark: _Toc474937866]Use of Laboratory Equipment 
[bookmark: Use_of_centrifuges][bookmark: _bookmark58][bookmark: _Toc424648513][bookmark: _Toc474937867]Centrifuge
Hazards associated with centrifuging include mechanical failure and the creation of aerosols. To minimize the risk of mechanical failure, centrifuges must be maintained and used according to the manufacturer’s instructions. Users must be properly trained and operating instructions that include safety precautions shall be prominently posted on or near the unit.
Aerosols are created by activities such as filling centrifuge tubes, removing plugs or caps from tubes after centrifugation, removing supernatant, and re-suspending sedimented pellets. A significant aerosol hazard can be created if a tube breaks during centrifugation.
The following good safety practices recommended to minimize the generation of aerosols when centrifuging biohazardous material: 
1. Use sealed tubes and safety buckets that seal with O-rings. Before use, inspect tubes, O-rings, and buckets for cracks, chips, erosions, bits of broken glass, etc. Tubes and specimen containers shall always be securely capped for centrifugation. Do not use aluminum foil to cap centrifuge tubes because it may detach or rupture during centrifugation.
Fill and open centrifuge tubes, rotors, and accessories in a biological safety cabinet. Avoid overfilling centrifuge tubes to prevent closures from becoming wet. After tubes are filled and sealed, wipe them down with disinfectant.
In the event of breakage during centrifugation, the unit must be decontaminated prior to reuse.
Always balance buckets, tubes, and rotors properly before centrifugation. Distilled water shall be used for balancing empty buckets. 
Avoid decanting or pouring off supernatant; unless the supernatant must be retained, use a vacuum aspirator with appropriate in-line reservoirs and filters.
Work in a biological safety cabinet when re-suspending sedimented material. Use a swirling rotary motion rather than shaking. If shaking is necessary, wait a few minutes to permit the aerosol to settle before opening the tube.
Small, low-speed centrifuges may be placed in a biological safety cabinet during use to reduce the aerosol escape. High-speed centrifuges pose additional hazards. Precautions shall be taken to filter the exhaust air from vacuum lines, to avoid metal fatigue resulting in disintegration of rotors, and to use proper cleaning techniques and centrifuge components. Manufacturers’ recommendations must be meticulously followed to avoid metal fatigue, distortion, and corrosion.
Avoid the use of celluloid (cellulose nitrate) tubes with biohazardous materials. Celluloid centrifuge tubes are highly flammable and prone to shrinkage with age. They distort on boiling and can be highly explosive in an autoclave. If celluloid tubes must be used, an appropriate chemical disinfectant must be used.
Decontaminated buckets, rotors and centrifuge bowls after each use.
After use, store buckets in an inverted position to drain the balancing fluid.
[bookmark: Use_of_homogenizers,_shakers,_blenders_a][bookmark: _bookmark59]Infectious airborne particles may be ejected when centrifuges are used. These particles travel at speeds too high to be retained by the cabinet air flow if the centrifuge is placed in a traditional open-fronted Class II biological safety cabinet. Wait for a sufficient time after centrifugation before opening a tube.
[bookmark: _Toc424648514][bookmark: _Toc474937868]Homogenizer, shaker, blender and sonicator
1. Use laboratory blenders and stomachers. Use domestic homogenizers is prohibited as they may leak or release aerosols. 
Caps and cups or bottles shall be in good condition and free from flaws or distortion. Use only well-fitting caps and gaskets which are in good condition.
Pressure builds up in the vessel during the operation of homogenizers, shakers and sonicators. Aerosols containing infectious materials may escape from between the cap and the vessel. Plastic, in particular, polytetrafluoroethylene (PTFE) vessels are recommended because glass may break, releasing infectious material and possibly wounding the operator.
When in use, homogenizers, shakers and sonicators should be covered by a strong transparent plastic casing. This shall be disinfected after use. Where possible, these machines should be operated, under their plastic covers, in a biological safety cabinet.
At the end of the operation the containers should be opened in a biological safety cabinet.
Hearing protection should be provided for people using sonicators.
[bookmark: Use_of_tissue_grinders][bookmark: _bookmark60][bookmark: _Toc424648515][bookmark: _Toc474937869]Tissue grinder
Glass grinders should be held in a wad of absorbent material in a gloved hand. Whenever possible replace glass for safer plastic (PTFE) grinders.
Tissue grinders should be operated and opened in a biological safety cabinet.
[bookmark: Care_and_use_of_refrigerators_and_freeze][bookmark: _bookmark61][bookmark: _Toc424648516][bookmark: _Toc474937870]Refrigerator and freezer
1. Refrigerators, deep-freezers and solid carbon dioxide (dry-ice) chests should be defrosted and cleaned periodically, and any ampoules, tubes, etc. that have broken during storage removed. Face protection and heavy duty rubber gloves should be worn during cleaning. After cleaning, the inner surfaces of the cabinet should be disinfected.
All containers stored in refrigerators, etc. must be clearly labelled with the scientific name of the contents, the date stored and the name of the individual who stored them. Unlabeled and obsolete materials should be autoclaved and discarded. 
Containers outside of the containment zone to be labelled, leak-proof, impact resistant, and kept either in locked storage equipment or within an area with limited access. 
An inventory must be maintained of the freezer’s contents.
Flammable solutions must not be stored in a refrigerator unless it is explosion-proof.  Refrigerators used for the storage of flammables must show the flammable pictogram on the door.
[bookmark: _Toc424648517][bookmark: _Toc474937871]Incubator for tissue culture
Culture flasks should be handled aseptically as to prevent surface contamination
Water in the humidification tray should be sterile and changed weekly at a minimum to prevent the growth of contaminants. 
Incubator and tray should be washed regularly as per manufacturer instructions.
[bookmark: _Toc424648518][bookmark: _Toc474937872]Cryostat
[bookmark: Precautions_with_materials_that_may_cont][bookmark: _bookmark65]Use of cryostats is very common in many research laboratories. These devices may pose potential hazards associated with sharp cutting edges and cold environments and should be handled with extra care.
The following guidelines should be followed when using cryostats:
1. Frozen sections of unfixed human tissue or animal tissue infected with a pathogen pose a risk because freezing tissue does not necessarily inactivate infectious agents. Use of freezing propellants under pressure is not recommended with frozen sections because they may cause spattering of droplets of potentially infectious material.
Appropriate gloves should be worn during preparation of frozen sections.
When working with human or infected animal tissue, consider the contents of the cryostat to be contaminated and decontaminate it frequently with 70% alcohol.
Consider trimmings and sections of tissue that accumulate in the cryostat to be potentially infectious and remove them during decontamination.
Defrost and decontaminate the cryostat with a tuberculocidal disinfectant once a week and immediately after use with tissue known to contain bloodborne pathogens, M. tuberculosis, or other infectious agents.
Handle microtome knives with extreme care. Stainless steel mesh gloves should be worn when changing knife blades.
Solutions used for staining potentially infected frozen sections should be considered contaminated.

[bookmark: _Toc424648519][bookmark: _Toc474937873]Biosafety Cabinets
BSCs provide effective primary containment for work with infectious material or toxins when they are properly maintained and used in conjunction with good laboratory techniques. The various classes and types of BSCs operate under the same basic principle. Personnel protection is provided through a continuous stream of inward air, known as inflow, which helps prevent aerosols from escaping through the front opening. The exhaust air, which is exhausted into the surrounding containment zone or directly to the outside atmosphere, is HEPA-filtered to protect the environment. Some classes of BSCs also offer product protection by using HEPA-filtered downflow to flush the cabinet interior of airborne contaminants and to prevent unfiltered inflow air from entering the work area.
[bookmark: _Toc424648520][bookmark: _Toc474937874]Classes and Characteristics of Biological Safety Cabinets
There are three classes of BSC: Class I, Class II and Class III. Selection of the proper class of BSC requires careful evaluation of the activities to be carried out.
Class I Cabinets 
Class I BSCs provide personnel and environmental protection. This type of cabinet is commonly used to enclose equipment (e.g., fermenters, homogenizers) or for procedures where product protection is not a concern (e.g., cage changing). Room air is drawn into the cabinet through the front opening, moves directly across the workspace, and is then discharged from the BSC through a HEPA filter. Class I BSCs can exhaust directly to the outside atmosphere when hard-ducted, or recirculate exhaust air into the containment zone. Since the air is never recirculated within the BSC, it is possible to work safely with minute quantities of volatile toxic chemicals if the BSC is hard-ducted. BSCs that are used as cage changing stations may require more frequent filter replacement, due to filter loading; refer to Figure 8.
Class II Cabinets
Class II cabinets are designed for personnel, product and environmental protection. They are designed for work involving microorganisms in containment levels 2, 3 and 4 laboratories and are divided into two types (A and B) on the basis of construction type, airflow velocities and patterns, and exhaust systems. Within type A there are two subtypes, A1 (formerly designated type A) and A2 (formerly designated type B3). Within type (B), there are two subtypes, B1 and B2. Class II cabinets are most commonly used cabinets in laboratories because of their characteristics.
Class II, Type A1 Cabinets 
Cabinet air may be recirculated back into the laboratory or ducted out of the building by means of a "thimble" connection (i.e., a small opening around the cabinet exhaust filter housing) whereby the balance of the cabinet is not disturbed by fluctuations in the building exhaust system. The thimble must be designed to allow for proper certification of the cabinet (i.e., provide access to permit scan testing of the HEPA filter).
Maintain a minimum average face velocity of 0.38 m/s (75 ft. /min). May have positive pressure contaminated ducts and plenums.
Are not suitable for work with low levels of volatile toxic chemicals and volatile Radionuclides.
Class II, Type A2 Cabinets
Cabinet air may be recirculated back into the laboratory or ducted out of the building by means of a "thimble" connection (i.e., a small opening around the cabinet exhaust filter housing) whereby the balance of the cabinet is not disturbed by fluctuations in the building exhaust system. The thimble must be designed to allow for proper certification of the cabinet (i.e., provide access to permit scan testing of the HEPA filter), refer to Figure 9.
Maintain a minimum average face velocity of 0.5 m/s (100 ft. /min).
Have ducts and plenums under negative pressure.
Is suitable for work with minute quantities of volatile toxic chemicals and trace amounts of radionuclides.
Class II, Type B1 Cabinets 
Hard-ducted through a dedicated duct exhausted to the atmosphere after passage through a HEPA filter; contain negative pressure plena.
Maintain a minimum average face velocity of 0.5 m/s (100 ft. /min). Recirculate 30% of the air within the cabinet. 
Suitable for work with low levels of volatile toxic chemicals and trace amounts of radionuclides.
Class II, Type B2 Cabinets 
Do not recirculate air within the cabinet.
Maintain a minimum average face velocity of 0.5 m/s (100 ft. /min).
Hard-ducted through a dedicated duct exhausted to the atmosphere, 100% of cabinet air, after passage through a HEPA filter; contain negative pressure plena.
Suitable for work with volatile toxic chemicals and radionuclides.
The exhaust canopy must allow for proper BSC certification. An alarm should be provided that is audible at the cabinet to indicate loss of exhaust flow from the building exhaust system. The cabinet internal fan should also be interlocked to shut down when the building exhaust system fan fails to prevent pressurization of the cabinet.
[bookmark: _Toc424648521][bookmark: _Toc474937875]Biosafety Cabinets Installation and Testing
The air curtain at the front of the cabinet is fragile and can easily be disrupted by people walking parallel to it, by open windows, air supply or exhaust registers or laboratory equipment that creates air movement (e.g., vacuum pumps, centrifuges).
BSCs must be installed in accordance with the requirements of the manufacturer. They must be located away from high traffic areas, doors and air supply/exhaust grilles that may interrupt airflow patterns. A minimum unobstructed distance of 40 cm should be provided between the exhaust outlet on top of the cabinet and any overhead obstructions. Whenever possible, a 30 cm clearance should be provided on each side of the cabinet to allow for maintenance access.
Ducted cabinets (B2), require special installation through Facilities Managements in order to work effectively with the building exhaust system. Ideally, these cabinets are installed using dedicated exhaust ductwork.  In some cases, room exhaust is balanced to include the air exhausted through ducted BSCs, and these cabinets must not be turned off.
The provision of natural gas to BSCs is not recommended. Sustained open flames are prohibited. Open flames in the BSC create turbulence, disrupt airflow patterns and can damage the filter. When suitable alternatives (e.g., disposable sterile loops, micro-incinerators) are not possible, touch-plate microburners that have a pilot light to provide a flame on demand may be used, but strictly limited. 
The use of UV sterilizing lights in BSCs is not recommended.  The bulb loses its effectiveness with time, and material is poorly illuminated in the presence of a heavy organic load, shadows within the cabinet, and dust on the bulb.  UV light is also destructive to many organic polymers such as plastic and rubber and is hazardous to personnel.   Reflected UV light can cause eye burns to nearby personnel. Use of UV lamps is not a substitute for careful, meticulous technique.
BSCs users must not operate a piece of equipment that does not bear a certification sticker current to within the last 12 months. Certification of BSCs must be performed by an NSF-certified professional tester, when installed and annually thereafter.  Because moving a cabinet can cause damage to the HEPA filter and its seals, the cabinet must be tested and certified after any repairs or relocation.  Routine annual certification is coordinated by the BSO; associated costs are covered by the university administration.
A copy of the certification report is provided to the user and must be posted on the cabinet for the information of users. A label indicating the date of certification, the date of the next certification, to what standard the tests were performed and the name of the certifier will be affixed to the exterior of the cabinet by the certifier.
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[bookmark: _Ref432686135]Figure 8- Class I Biological Safety Cabinet.  A- Hard-ducted B- Recirculating
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[bookmark: _Ref432686228]Figure 9- Class II Type A2 BSC. A- Thimble-ducted, B- Hard-ducted
[bookmark: _Toc424648522][bookmark: _Toc474937876]Using the Cabinet
Start-up procedures:
Don protective clothing and gloves as appropriate.
Ensure that the sash is in the appropriate position. Turn off UV lights if in use.
Turn on the fluorescent light and cabinet blower.
Check the air intake and exhaust grilles for obstructions.
Test the alarm and switch it to the "on" position, if applicable.
Confirm inward airflow by holding a tissue at the middle of the edge of the viewing panel and ensuring that it is drawn in. Do not let the tissue get sucked up into the fan unit.
Disinfect the interior surfaces with a noncorrosive disinfectant effective for the biohazardous material, refer to Table 9. Note: Bleach is corrosive therefore, it must be avoided.
Assemble all materials required for the procedure and load them into the cabinet in an orderly fashion;
· Wipe all material with a proper disinfectant and allow disinfectant to work before loading it onto the workspace.
· Do not obstruct the air grilles; 
· the working surface may be lined with absorbent paper with plastic backing which is to be discarded at the end of the work session;
·  Segregate "clean" items from "contaminated" items. Be sure to include containers for collecting contaminated waste.
Wait 5 minutes to purge airborne contaminants from the work area before work actually starts.
Working in the Cabinet:
Maintain the front and rear grills free form obstruction at all times (no pens, pipettes, paper, etc.)
Organize the workspace in clean, work, and dirty areas, and keep the flow of material in that order to avoid cross-contamination.
Perform operations as far to the rear of the work area as possible.
Avoid movement of materials or excessive movement of hands and arms through the front access opening during use; when your arms do enter or exit the cabinet, do so from straight on; allow the cabinet to stabilize before resuming work.
Keep discarded, contaminated material to the rear of the cabinet with care to not obstruct the grill; do not discard materials in containers outside of the cabinet.
If possible, do not work with open flames inside the cabinet; if required, use micro burners.
In the event of a spill, promptly surface-decontaminate all objects in the cabinet; disinfect the working area of the cabinet while it is turned on. Refer to the section Spills for a detailed procedure.
After Completion of the Work:
Close or cover open containers.
Allow the cabinet to run for 5 minutes with no activity.
Surface-disinfect objects in contact with contaminated material before removal from the cabinet including the outside of all containers and bags. Allow disinfectant to act during the manufacturer-recommended contact time.
Remove contaminated gloves and dispose of them as appropriate; wash hands.
Don clean gloves, and make sure that all materials are placed into biohazard bags within the cabinet before removing the containers and bags.
Using a suitable non-corrosive disinfectant (e.g., 70% ethanol), disinfect all interior surfaces of cabinet including light bulbs; periodically remove the work surface and disinfect the area beneath it (including the catch pan).
Turn off the fluorescent light and cabinet blower when appropriate (some cabinets must be left on at all times; if you are unsure, check with your supervisor, cabinet certifier, biosafety officer or building mechanic).
Do not use the cabinet for general storage of material.


[bookmark: _Toc424648523][bookmark: _Toc474937877]Decontamination and Waste Treatment
It is a basic biosafety principle that all contaminated material must be decontaminated prior to disposal or reuse in order to prevent the transmission of contamination. Decontamination processes cause a reduction in the microbial load to levels deemed suitable to prevent transmission; the level of reduction attained is dependent upon the method utilized.
The choice of method of decontamination is situation-dependent mainly due to the variability in the bioburden amongst waste loads, materials, surfaces, and rooms where lab work is performed, and also to the variability in material performance in face of the decontamination method applied; for example, a waste load with a high pathogenic burden requires a highly effective method such as autoclaving; the work surface of BSCs may be disinfected with 70% ethanol, when spores presence is not a concern, due to the reduced bioburden as compared to a waste load; and a lab room that is routinely treated with appropriate disinfectants that reduce the bioburden even more, may be effectively decontaminated with vaporized hydrogen peroxide. Although widely differing, all three methods achieve the desired outcome of deterring infection spread because they are appropriate to each situation.
Given that toxins and prions are not living microorganisms, the concept of sterilization does not apply, thus these must be inactivated for a safe disposal.
The effectiveness of a decontamination process depends on several factors:
Types and numbers of microorganisms;
Concentration of the agent;
Length of contact time with the agent; 
Presence of organic matter and dirt; 
Temperature and humidity; and
Condition and nature of the surfaces being treated.
Other factors that have a significant impact on the effectiveness of some decontaminants are the presence of organic matter and the nature of surface: organic matter will inactivate some disinfectants. The removal of visible ‘soil’ may be the single most critical factor in assuring effective decontamination. A second application may be necessary once visible contamination, and hence, most organic debris, has been removed. Nature of surface refers to the fact that rough surfaces require a longer contact time than smooth ones.
[bookmark: _Toc384209019][bookmark: _Toc424648524][bookmark: _Toc474937878]Microbial Resistance - Relative resistance of microorganisms
Microorganisms have variable susceptibility to disinfectant agents (Table 3). Vegetative bacteria and enveloped viruses are usually the most sensitive and bacterial spores and protozoan cysts the most resistant. Some pathogens (e.g., Pseudomonas aeruginosa) have been shown to be significantly more resistant than their laboratory grown counterparts to a variety of disinfectants in their “naturally occurring” state, i.e., in body fluids and tissues.

[bookmark: _Ref414888163]Table 3- Classes of Microorganisms Ranked in Descending Order from Most Resistant to most susceptible to Chemical Disinfectants from the CBS.
	Susceptibility
	Microorganism
	Disinfectant Reported to be Effective

	Extremely Resistant
	Prions
	Usually resistant to chemical disinfectants
High concentrations of sodium hypochlorite or heated strong solutions of sodium hydroxide.

	Highly Resistant
	Protozoal oocytes
	Ammonium hydroxide, halogens, (high concentration), halogenated phenols.

	
	Bacterial endospores
	Some acids, aldehydes, halogens (high concentrations), peroxygen compounds.

	Resistant
	Mycobacteria
	Alcohols, aldehydes, some alkalis, halogens, some peroxygen compounds, some phenols.

	
	Non-enveloped viruses
	Aldehydes, halogens, peroxygen compounds.

	Susceptible
	Fungal spores
	Alcohol, alkalis, aldehydes, biguanides, halogens, peroxygen compounds, some phenols, some quaternary ammonium compounds (QACs).

	
	Gram-negative bacteria
	· 

	
	Gram-positive bacteria
	· 

	Highly susceptible
	Mycoplasma
	Acids, alcohols, aldehydes, alkalis, biguanides, halogens, peroxygen compound, phenols, QACs.



[bookmark: _Toc384209020]Disinfectants
Disinfectants are used to clean surfaces such as lab benches, to clean heat-sensitive devices that cannot be autoclaved, and to decontaminate spills. They are occasionally used to decontaminate liquids but this is not the preferred method. Disinfectants are registered with Health Canada and are issued a DIN number. Disinfectants currently registered can be reviewed at the Health Canada Drug Product Database (DPD), accessed at http://www.hc-sc.gc.ca/dhp-mps/prodpharma/databasdon/index_e.html/
[bookmark: _Toc384209021]Major classes of disinfectant chemicals and their relative advantages and disadvantages are summarized in Table 4. The manufacturer of the chemical disinfectant will provide instructions for use, including the recommended exposure time. Manufacturers’ recommendations regarding exposure time must be followed in order to achieve the desired level of decontamination. It is a requirement under the CBSG that decontamination technologies and processes are routinely verified. As the manufacturer’s testing parameters (organic load, temperature, relative humidity etc.) are different than those found in your facility, the verification ensures that biohazard material is effectively decontaminated.
Factors which affect disinfectant action
Several physical and chemical factors influence disinfectant action, including temperature, pH, relative humidity, and water hardness. Extremes of acidity or alkalinity can effectively limit growth of microorganisms. Moreover, the activity of antimicrobial agents may be profoundly influenced by relatively small changes in the pH of the medium. An increase in pH improves the antimicrobial activity of some disinfectants (e.g., glutaraldehyde, quaternary ammonium compounds) but decreases the antimicrobial activity of others (e.g., phenols, hypochlorites, iodine). The pH influences the antimicrobial activity by altering the disinfectant molecule or the cell surface.
Many chemical disinfectants require dilution prior to use. Users must follow exactly the manufacturer’s directions regarding dilution and mixing. If the concentration of the disinfectant is too low the efficacy will be decreased. If the concentration is too high the risk the chemical damaging the instrument or surface or causing toxic effects on the user increases. 
Once diluted, some disinfectants may be used (when handled properly) for a period of days or weeks. Dilutions are inherently unstable and the manufacturer’s directions as to duration of use must be followed. When the manufacturer has not given the duration of the stability of the chemical solution, it must be determined. 
[bookmark: _Toc384209022]Antiseptics
An antiseptic is defined as a germicide that is used for the purpose of inhibiting or destroying microorganisms.  Although some germicides contain active chemicals that are used as antiseptics and disinfectants i.e., iodophors and alcohols, adequacy for one purpose does not ensure adequacy for the other. The concentrations of the active ingredients differ significantly, as does the compatibility with inanimate objects and surfaces compared to skin and tissues. Therefore, an antiseptic formulation should never be used to disinfect surfaces such as lab benches or instruments nor should a disinfectant be used on skin or tissues.  See Table 9 for a summary of common antiseptics.
[bookmark: _Toc384209023]Physical Sterilants
In addition to the dry heat and steam methods of sterilization, ultraviolet radiation and ionizing radiation can be employed to sterilize inanimate objects.  Both UV radiation and ionizing radiation kill microorganisms by causing DNA damage although the damage differs between the two.
UV radiation is most effective at 260 nm, the wavelength of peak absorption for DNA. UV has poor penetrating power and therefore is compromised by the presence of dirt or shadows. It is not recommended for use in biological safety cabinets because of obstructions inside the cabinet such as equipment causing shadows, ineffectiveness of older bulbs, and the hazard to eyes from reflected UV light.
Ionizing radiation such as x-rays and gamma rays are effective in inactivating most microorganisms although some spores are resistant. Due to the extra precautions that must be employed and licensing requirements, it is generally impractical for routine sterilization.
Filtration using high-efficiency particulate air filters is an effective means of removing microbes from the air.  This is the means used to sterilize air in biological safety cabinets and clean benches. These filters remove all particles from the air stream, but not vapor; their most particle penetrating power ranges between 0.3 micron for HEPA filters to 0.12 microns for ULPA filters.
[bookmark: _Toc384209025]Verification of the Effectiveness of the Decontamination Process
Regardless of charts and labels, it is incumbent upon the PI to verify the effectiveness of any specific disinfectant. Swabs of disinfected surfaces should be cultured to determine the microbial load and the ability of the disinfectant to do the job for which it is intended.
[bookmark: _Ref414888098]Table 4- Major classes of chemical disinfectants and their relative advantages and disadvantages 1[footnoteRef:5].  [5:  Adapted from Health Canada Infection Control Guidelines] 

	Disinfectant
	Uses
	Advantages
	Disadvantages

	Alcohols
	Intermediate level disinfectant. Disinfect surfaces. Used as a skin antiseptic.
	Fast acting. 
No residue. 
Non- staining.
	Volatile. Evaporation may diminish concentration. Inactivated by organic material. May harden rubber or cause deterioration of glues. 

	Chlorines
	Intermediate level disinfectant. Disinfect environmental surfaces.
Effective disinfectant following blood spills. See 
Table 6 for uses for and dilution of chlorines.
	Low cost. 
Fast acting. 
Readily available.
	Corrosive to metals. Inactivated by organic material. Irritant to skin and mucous membranes.
Unstable when diluted to usable state (1:9 parts water) Use in well- ventilated areas. Shelf life shortens when diluted

	Ethylene oxide
	Used as gas for the sterilization of heat sensitive medical devices.
	Sterilant for heat- or pressure- sensitive equipment.
	Slow acting and requires several hours of aeration to remove residue. One of its carriers (chlorofluorocarbon) is now a restricted chemical. Toxic.

	Formaldehyde
	Very limited use as sterilant. Gaseous form used to decontaminate laboratory biocontainment cabinets.
	Active in presence of organic materials
	Carcinogenic. Toxic. Strong irritant. Pungent odor. Low (1.5 ppm) ceiling exposure limit for workers.

	Glutaraldehyde
	2% formulations — high level disinfection for heat-sensitive equipment. Most commonly used for endoscopes, respiratory therapy equipment and anesthesia equipment.
	Noncorrosive to metal. Active in presence of organic material.
Compatible with lensed instruments. Sterilization may be accomplished in 6-10 hours.
	Extremely irritating to skin and mucous membranes. Shelf life shortens when diluted (effective for 14-30 days depending on formulation). High cost. Monitor concentration in reusable solutions. Fixative. Very low (0.05 ppm) ceiling exposure limit for workers.

	Hydrogen
peroxide
	3% — low level disinfectant. Cleans floors, walls and furnishings. 6.5% — high level disinfectant. Effective for high level disinfection of flexible endoscopes. Higher (35%) concentrations used as sterilant in specially designed machines for decontamination of heat-sensitive devices, and for room decontamination in high containment facilities.
	Strong oxidant. 
Fast acting. 
Breaks down into water and oxygen.
	Can be corrosive to aluminum, copper, brass or zinc.

	Iodophors
	Intermediate level disinfectant for some equipment. Low level disinfectant for hard surfaces and equipment that does not touch mucous membranes.
	Rapid action.
Relatively free of toxicity and irritancy, but may cause allergy.
	Note: Antiseptic iodophors are
NOT suitable for use as hard surface disinfectants. Corrosive to metal unless combined with inhibitors. Disinfectant may burn tissue. Inactivated by organic materials. May stain fabrics and synthetic materials.

	Per acetic
acid
	High level disinfectant or sterilant for heat sensitive equipment. Higher concentrations used as sterilants in specially designed machines for decontamination of heat sensitive medical devices.
	Innocuous decomposition (water, oxygen, acetic acid, hydrogen peroxide). Rapid action at low temperature. Active in presence of organic materials.
	Corrosive to tissue. Unstable when diluted. Concentrated solution is flammable and can be violently reactive.

	Phenolic
	Low/intermediate level disinfectants. Clean floors, walls, benches, and furnishings. Clean hard surfaces and equipment that does not touch mucous membranes.
	Leaves residual film on environmental surfaces. Commercially available with added detergents to provide one-step cleaning and disinfecting.
	Not recommended for use on food contact surfaces. May be absorbed through skin or by rubber. Some synthetic flooring may become sticky with repetitive use.

	Quaternary
ammonium compounds
	Low level disinfectant. Clean floors, walls, benches and furnishings. 
	Generally non-irritating to hands. Usually have detergent properties.
	DO NOT use to disinfect medical instruments. Non-corrosive. Limited use as disinfectant because of narrow microbicidal spectrum.



[bookmark: _Ref424726635][bookmark: _Ref371425032][bookmark: _Toc384209696]Table 5- Advantages and disadvantages of currently available sterilization methods
	Method
	Parameters
	Monitoring Frequency
	Use/Advantages
	Disadvantages

	Steam 
a) Small table top sterilizers 
b) Gravity displacement sterilizers including flash sterilizers 
c) High-speed vacuum sterilizers
	Raised pressure (preset by manufacturer) to increase temperature to 1210 C (1330 C for flash sterilizers) Time varies with temperature, type of material and whether the instrument is wrapped or not. Steam must be saturated (narrow lumen items may require pre- humidification).
	Air detection for vacuum sterilizers- daily before first cycle of day Mechanical - each cycle; 
Chemical - each cycle; 
Biologic - at least weekly, but preferably daily, and with each load of critical items (Bacillus stearothermophilus spores). 
	Heat tolerant instruments, labware, and accessories. Linen. Inexpensive. Rapid. Efficient. Non-toxic. Can be used to sterilize liquids.
	Unsuitable for anhydrous oils, powders, lensed instruments, heat and moisture sensitive materials. Some table top sterilizers lack a drying phase.

	Flash sterilization
	Flash sterilization should be used only in an emergency. Flash sterilization should never be used for critical items such as implantable devices.
	Mechanical - each cycle; 
Chemical - each cycle; 
Biologic - at least once a week but preferably daily.
	Not recommended
	Difficult to monitor. The efficacy of flash sterilization will be impaired if all the necessary parameters are not met properly (e.g., time, temperature), the device is contaminated with organic matter, air is trapped in or around the device, or the sterilizer or flash pack is not working properly. Sterility cannot be maintained if the device is not wrapped.

	Boiling
	Not recommended
	None
	Not recommended
	Unable to be monitored; unreliable

	Microwave ovens
	Not recommended
	None
	Not recommended
	Unable to be monitored. Unreliable

	Glass bead sterilizers
	Not recommended
	None
	Not recommended
	Unable to be monitored. Cold spots. Inconsistent heating. Trapped air.

	Hydrogen peroxide vapor
	Time and temperature controlled by cycle
	Follow manufacturer’s instructions. Spores of B. stearothermophilus are used as biologic indicators.
	Non-autoclavable heat sensitive items, e.g., endoscopes, high containment rooms, BSC. Noncorrosive due to short contact times required. Environmentally friendly byproducts. Low toxicity if devices are aerated.
	Inactivation by highly absorptive materials such as cellulose paper and linen, thus limiting packaging material. Inability to enter deeply into small lumens. Further evaluation of toxicity is required.

	Hydrogen peroxide liquid 
(6-25%)

	Time and temperature controlled by cycle.
	Follow manufacturer’s instructions.
	Heat sensitive items e.g., endoscopes. Can be applied to metal and nonmetal as well as heat and moisture sensitive instruments. Rapid. Nontoxic. Lack of corrosion to metals and other materials (except nylon).
	Limitations on length and lumens of devices that can be effectively sterilized. With gas plasma, inactivation of hydrogen peroxide by highly absorptive materials (linen, cellulose paper).


Autoclaving
Of all the methods available for sterilization, moist heat (steam under pressure) in the form of saturated steam under pressure (aka autoclaving) is the most widely used and the most dependable method.  Steam sterilization is nontoxic, inexpensive, rapidly microbicidal, sporicidal, and rapidly heats and penetrates wrapping material (fabric, paper).
Moist heat sterilization using autoclave is commonly employed for the sterilization of biohazardous waste, heat and moisture-resistant equipment or devices, culture media, and labware. 
Moist heat destroys microorganisms by the irreversible denaturation of enzymes and structural proteins. The temperature at which denaturation occurs varies inversely with the amount of water p resent. Sterilization in saturated steam thus requires precise control of time, temperature, and pressure.
The critical autoclaving process factors are temperature, exposure time, and steam penetration throughout the load. Temperature values and sterilization time vary in relationship to the size and type of the load, and the packing density of the chamber. For this reason, cycle parameters must be validated with representative loads to ensure that sterilization is achieved. 
Autoclaves in campus have been validated for common applications, including biohazardous waste decontamination, plasticware, glassware, culture media, and wrapped items and materials. Anyone in need of assistance with a specific cycle validation is invited to contact the University BSO.
Autoclave Training 
Anyone who may be involved in using an autoclave must be trained prior to engaging in such activity. 
As autoclaves are dangerous equipment, access to the rooms housing them is restricted to those authorized individuals only after having received training on autoclave use and operation.  Training sessions are offered at the beginning of each term by the office of HSW for those who will use the autoclave in Cairns. These sessions are posted for registration on ‘Focus on Learning’ two weeks in advance of the term start. Laboratory supervisors shall instruct prospective autoclave users to register, or make arrangements with HSW at ext. 6179 for training outside those times in the case of late admissions.  To receive training on the autoclave situated in the Mackenzie-Chown building prospective users are to contact John Ciolfi at ext. 3763.
Autoclaves designated for the sterilization of waste are situated in the Mackenzie-Chown building H-321 and in the CFHBRC (aka Cairns building) in room 108.
Autoclave Monitoring
When used for biohazardous waste decontamination, autoclaves must be tested regularly using representative loads (at least once in every six operating days) with B. stearothermophilus spore vials to confirm that the equipment is capable of meeting performance requirements so it may continue to be used. Records of these testing shall be retained. At Brock, communal autoclaves designated for biohazardous waste sterilization are tested by specific individuals weekly. Anyone who may want to use other than the designated autoclaves for waste decontamination must follow the monitoring requirement. For assistance, contact the BSO.
[bookmark: _Toc474937879]Chemical Sterilization
Chemical sterilization is the choice for heat-sensitive instruments and for rooms. This process requires prolonged contact times with relatively highly concentrated solutions. As a result, these products may be toxic and should be treated as hazardous chemicals. Carefully follow manufacturers’ directions regarding dilution, contact time, and personal protective equipment when using these chemicals. Some sterilants require that specific ventilation systems be in place to remove hazardous gases and vapors. Refer to Table 5.
Vapor phase sterilization techniques that employ hydrogen peroxide, ethylene oxide, formaldehyde, and chlorine dioxide are available techniques initially used by the medical and food processing industries that are employed also in research facilities requiring high levels of containment, e.g. CL3 labs. 
Vapor Phase Hydrogen Peroxide (VHP) generators are used to achieve sterilization through a process that is also contaminant free; it is the method of choice in the Cairns CL3 facility for the decontamination of large equipment, equipment not able to withstand autoclaving, and rooms.
[bookmark: _Toc424648526][bookmark: _Toc474937880]Dry Heat
Dry heat has been replaced by more effective methods that have become widely available, such those mentioned above.  Some lab personnel on campus still use this method, as a result the following information is provided for guidance. 
The manufacturer's recommendations as to the preparation, packaging and loading of the sterilizer must always be followed. As with steam sterilization, these parameters are critical to achieve sterilization. This method may also be validated using spore vials.
	Advantages
	Disadvantages

	For items that cannot be sterilized in steam or chemical sterilizers, such as powders and oils, or those prone to rust.
For heat-safe items that cannot be disassembled or may rust, can be used for glassware, as it will not score or erode the surface. 
Will not corrode or rust instruments or needles.
	Penetrates slowly and unevenly. 
Requires long exposure times. 
Requires higher temperatures than what many items can be safely exposed to. 
Exposure times vary depending on how the items are packaged, the temperature, types of items being sterilized, and depth of substances in the container.
Requires specialized packaging materials able to sustain its integrity at high heat: glass such as Pyrex, test tubes and small jars, stainless steel trays or pans with lids. 
· Cotton wrappers or aluminum foil may be used, if the temperature within the chamber does not exceed 204°C (400°F).


The most commonly used temperature and time settings are summarized below for guidance.
	TEMPERATURE
	TIME (min.)
	TEMPERATURE
	TIME (min.)

	1700C (3400F)
	60
	1400C (2850F)
	180

	1600C (3200F)
	120
	1210C (2500F)
	overnight

	1500C (3000F) 
	150
	
	


[bookmark: _Toc365285196]Disinfection
Disinfection refers to the elimination of virtually all pathogenic microorganisms on inanimate objects with the exception of large numbers of bacterial endospores. 
Chemical disinfectants are generally used for the decontamination of surfaces, and equipment that cannot be autoclaved e.g., biosafety cabinetry, micro-centrifuges and similar lab equipment, specimen/sample containers to be removed from the containment zone, spills of infectious materials, and rooms and animal cubicles. 
For disinfection to be effective, two steps must be followed: 
	Selection of the appropriate disinfectant, and
	Correct application of the selected disinfectant.
Lists of disinfectant products effective against the most common pathogens are published and updated regularly by the EPA, this information is available here. In addition, Health Canada maintains a database of pharmaceutical products that lists registered disinfectants. To use this resource click here. This database allows the retrieval of products’ label, and in some cases the products monograph; reviewing this information before making a purchase can help in ensuring that the product is appropriate for the intended application. Another aspect to consider when selecting the appropriate disinfectant is material compatibility e.g., bleach will corrode many metals.
Once the appropriate disinfectant has been chosen, the next step is to use the disinfectant correctly.  Follow the manufacturer recommendations on method of application, concentration and contact time to ensure that this step is successfully completed and disinfection is achieved.
Disinfectants and User Safety
The use of disinfectants can impact the safety of its users either directly i.e., direct exposure to a hazardous chemical or indirectly, i.e., exposure to viable pathogens when an inappropriate disinfectant is selected.  To prevent damage to the health and safety follow the manufacturer’s recommendations including the directions for use (personal protective equipment use, first aid, disposal) and chemical characteristics (e.g., toxicity, chemical compatibility, storage stability, active ingredient, identity, concentration). 
Considerations Regarding Use of Hypochlorites
Hypochlorites are the most widely used of the chlorine disinfectants; for this reason, this section is dedicated to offer information on its effectiveness, proper use, and advantages and disadvantages. 
Hypochlorites are available as liquid (e.g., sodium hypochlorite) or solid (e.g., calcium hypochlorite). The most prevalent chlorine products are aqueous solutions of 5.25%–6.15% sodium hypochlorite, a.k.a. household bleach. Hypochlorites have a broad spectrum of antimicrobial activity, do not leave toxic residues, are unaffected by water hardness, are inexpensive and fast acting, remove dried or fixed organisms and biofilms from surfaces, and have a low incidence of serious toxicity. They can, however, produce ocular irritation or oropharyngeal, esophageal, and gastric burns at the concentration of 5.25-6.15% when appropriate protective equipment is not used.  Other disadvantages of hypochlorites include corrosiveness to metals in high concentrations (>500 ppm), inactivation by organic matter, discoloring or "bleaching" of fabrics, release of toxic chlorine gas when mixed with ammonia or acid, and limited stability (24hrs. maximum).
Hypochlorite must not be mixed with formaldehyde because of the potential for production of the carcinogen bis-chloromethyl ether. Also, hyperchlorination of hot water results in the production of the animal carcinogen trihalomethane.  After reviewing environmental fate and ecologic data, it is determined (by the EPA) that the currently registered uses of hypochlorites will not result in unreasonable adverse effects to the environment.

Applications
Low organic load surfaces can be effectively decontaminated of different types of pathogens by using a 1:10 dilution of household bleach.  Low concentrations have a biocidal effect on mycoplasma (25 ppm) and vegetative bacteria (<5 ppm) in seconds in the absence of an organic load. Higher concentrations (1000 ppm) of chlorine are required to kill M. tuberculosis. A concentration of 100 ppm will kill ≥99.9% of B. atrophaeus spores within 5 minutes and destroy mycotic agents in <1 hour. Acidified bleach and regular bleach (5,000 ppm chlorine) can inactivate Clostridium difficile spores in <10 minutes. One study reported that 25 different viruses were inactivated in 10 minutes with 200 ppm available chlorine. Several studies have demonstrated the effectiveness of diluted sodium hypochlorite and other disinfectants to inactivate HIV. Chlorine at 500 ppm showed inhibition of Candida after 30 seconds of exposure. In experiments using the AOAC Use-Dilution Method, 100 ppm of free chlorine killed S. aureus, Salmonella choleraesuis, and P. aeruginosa in <10 minutes.
[bookmark: _Ref414888309]Because household bleach contains 5.25% sodium hypochlorite, or 52,500 ppm available chlorine, a 1: 1,000 dilution provides about 52 ppm available chlorine, and a 1:10 dilution of household bleach provides about 5,250ppm. More detailed information on the specific activity of chlorine bleach against a number of microorganisms can be found here. The Table 8 below refers to directions for preparing and using chlorine-based disinfectants.
Table 6-  Chlorine availability in ppm at different concentrations of household bleach
	Dilutions
	5.25%
(Initial concentration)
	1:5 
	1:10 
	1:50 
	1:100 

	Parts per million
	50,000 ppm
	10,000ppm 
	5000ppm 
	1000ppm 
	500ppm 


Table 7- Directions for Preparing and Using Chlorine-based Disinfectants
	Product
	Intended Use
	Recommended Dilution
	Level of Available Chlorine

	Household bleach (5% sodium hypochlorite solution with 50,000 ppm* available chlorine)
	Cleanup of blood spills
	Use dilutions ranging from 1 part of bleach to be mixed with 99 parts of tap water (1:100) or one part of bleach to be mixed with 9 parts of tap water (1:10), depending on the amount of organic material (e.g., blood or mucus) present on the surface to be cleaned and disinfected.
	0.05% - 500 ppm;
0.5% - 5,000 ppm

	
	To add to laundry water
	One part (one 8 ounce cup) of bleach to be mixed with about 500 parts (28 gallons †) of tap water
	0.01% - 100 ppm

	
	Surface cleaning; Soaking of glassware or plastic items.
	One part (one 8 ounce cup) to be mixed with about 50 parts (2.8 gallons) of tap water
	0.1% - 1,000 ppm

	NaDCC (Sodium dichloroisocyanurate) powder with 60% available chlorine.
	Cleanup of blood spills
	Dissolve 8.5 g in one liter of tap water.
	0.85% - 5,000 ppm

	Chloramine - powder with 25% available chlorine.
	Cleanup of blood spills
	
Dissolve 20 g in one litre of tap water.
	2.0% - 5,000 ppm


* Parts per million 
†Imperial gallon (4.5 liters)

Commonly used disinfectants in laboratories
The table below shows a number of disinfectants commonly used in CL2 and CL3 labs and indicates the parameters for its use.
[bookmark: _Ref432513032]Table 8- Commonly Used Disinfectants in Laboratories
	Disinfectant
	Use
	Concentration
	Contact Time
	Shelf Life

	Accel
	daily cleaner and 
surface disinfectant
	0.5%
	Sanitizer- 30 sec.
disinfectant- 5 min.
	see product label here

	Cidex OPA
	decon of heat-sensitive reusable devices 
	single
	12 min.
	14 days. See product label here

	EnviroSolution 64 (ES64)
	daily cleaner and 
surface disinfectant
	16 mL/L
	10 min
	see product label here

	Ethanol (EtOH)[footnoteRef:6] [6:  Alcohols are ineffective against bacterial endospores. ] 

	surfaces, skin
	70%
	10 min
	one month

	Isopropanol (IPA)8
	surfaces, skin
	70%
	10 min
	one month

	Presept
	multiple 
	multiple
	varies
	See product label here

	Sodium Hypochlorite (NaOCl)
	daily cleaner; 
non-metallic surface disinfectant 
	0.1 - 3%
(0.5% recommended)
	drying time
	24 hrs. Max. See more details here

	Sodium Hypochlorite 
	spill cleanup (low volume/concentration 
~20 ml)
	3%
	30 min.
	24 hrs. Max. See more details here

	Virkon Solution
	infectious spills 
	3%
	20 min
	5 to 7 days

	Virkon
	multiple
	multiple
	varies
	see products label here 


[bookmark: _Toc384209026][bookmark: _Toc424648527][bookmark: _Toc474937881]Waste Management and Disposal
[bookmark: _Toc384209027]All contaminated material must be decontaminated prior to disposal or reuse in order to prevent the transmission of contaminants. Biohazardous waste can be considered any material to be discarded, which has been contaminated by biohazards. Reusable materials such as culture flasks and lab coats are not considered waste as they are not to be discarded but rather are decontaminated for reuse. Biohazardous waste may appear in several documents under different names e.g., “pathological waste”, or “biomedical waste”. 
Examples of biohazardous waste are:
Cell lines and waste from tissue culture,
Blood and blood parts,
Contaminated solid debris such as paper towels, gloves, and bench cover,
Stocks of microorganisms,
Contaminated labware such as plastic pipette, tips, vials, test tubes, etc.
Discarded live and attenuated vaccines, biologicals, stock cultures, and commercial reagents manufactured from human source material.  Outdated vaccines and reagents such as immune-globulins,
Genetically modified plants; plants, seeds and soils contaminated with plant pests. 
All above-mentioned types of biohazardous waste must be sterilized before disposal by autoclaving. For guidance on the principles and application of autoclaving visit this link   to autoclave guidelines and SOP.
Other types of biohazardous waste such as animal-derived, non-infectious waste (e.g., bedding) should be autoclaved. 
Animal carcasses and human tissues or anatomical parts will NOT be autoclaved; these must be sent to an approved biohazardous waste treatment facility for incineration. Refer to Table 11 below for details.
[bookmark: _Toc384209029]Storage, Treatment and Disposal
All waste containers with biohazard-contaminated material must be labeled with the biohazard symbol until decontaminated.
Where to collect waste?
· Liquids. Place in leak-proof containers with lids. Allow the container to vent if there is continuing microbial growth.
· Solid debris, such as paper towels, gloves, and bench cover plastic pipettes, tips and plates. Collect in orange biohazard waste biohazard designed to withstand autoclave temperatures. Bags are manufactured in different thickness and size; choose bags appropriate to the weight of the material. Place bags in holders to prevent them from falling or titling over on the lab bench (Figure 10).[bookmark: _Ref424726887]Figure 10- Biohazard waste bags should be sitting on holders to prevent the spillage of waste over the lab bench.

· Animal carcasses and human or animal anatomical parts. Collect in red biohazard bags and store in the freezer in Cairn 244 until disposed. These wastes are sent to an approved biohazardous waste treatment facility for incineration. [bookmark: _Ref424726901]Figure 11- Sharps containers must be leak-proof, rigid, and sealable and bear the biohazard symbol.

· Sharps.  All sharps, e.g., needles and blades, must be discarded in a CSA-approved sharps containers (Figure 11). These containers are designed to resist punctures and to prevent the sharps from falling out if the container tips over. Lab users may purchase these containers in Science Stores (MC E304). 
· Discarded live and attenuated vaccines, biologicals, stock cultures, and commercial reagents manufactured from human source material.  Outdated vaccines and reagents such as immune-globulins from human serum can be autoclaved. Alternatively, these materials may be submitted for disposal via the biohazardous waste contractor.
· Plant wastes. Plants, seeds, and soils may be decontaminated by autoclaving as long as the waste does not contain other material such as radioisotopes or hazardous materials such as solvents or pesticides. Decontaminated waste may be discarded in the regular dumpster.
Bagged biohazardous waste must be transported from the place of generation to the disposal site using carts and/or secondary means of containment such as plastic bins with lids. Biohazardous waste is not to be carried by hand in bags down hallways. Liquid wastes must be placed in a secondary means of containment such as a plastic bin and transported on a cart. Sharps containers must be transported with the lid snapped closed.
Autoclavable waste generated during the day would preferably be treated at the end of the workday, however, when the amount collected is not significant the waste may be refrigerated for up to four days, as established in the Guideline C-4 for treatment of biomedical waste, and then autoclaved prior to disposal. Storage of waste until it can be treated varies depending on its type; refer to Table 11 for the different options.
[bookmark: _Ref413931235]Table 9- Waste streams and treatment options
	Type of waste
	Container for disposal or treatment
	Local treatment
	Where to put for pick-up

	Microbiological waste[footnoteRef:7] [7:  When, due to technical problems, no autoclaves are available across campus all biohazardous waste shall be registered with Science Stores and placed in freezers in room CRN244 for pick up by the designated contractor.] 

	Orange biohazard bags
	Autoclave in liquid cycle 1210C x 60 min (cycle # 6 in the autoclave of CRN108)
	Place autoclaved waste (marked with autoclave tape) in regular trash

	[bookmark: Li][bookmark: Ab]Liquid infectious waste including all rDNA material
	A suitable liquid handling container
	Autoclave in liquid cycle 1210C x 60 min (cycle # 6 in the autoclave of CRN108)
	Pour down the drain

	Agar contaminated with infectious agents 
	A suitable liquid handling container
	Autoclave in liquid cycle at 121 0C x 60 min. Do not sewer, handle as solid waste
	Pour in marked grey bin in room CRN108 until cools down, then dump in regular trash

	Bedding from infected animals
	Orange autoclave bag
	Autoclave
	Place autoclaved (marked with autoclave tape)  bedding in regular trash

	[bookmark: Ac]Animal carcasses and tissue (including transgenic animal tissue)
	Red autoclave bag/red pail
	None
	Place in freezer in room CRN244. Register with SS for pickup by a designated contractor

	[bookmark: Ho]Human organs, tissues or body parts 
	Red autoclave bag/pail
	None
	Place in freezer in room CRN244. Register with SS for pickup by a designated contractor

	[bookmark: Gn]Biohazardous sharps waste
	Approved sharps container 
	None
	Store in CRN244 or designated lab area, and register with SS for disposal

	Broken/intact glass not contaminated with biohazards (empty glass reagent bottles triply rinsed).
	Hard cardboard box lined with a plastic bag.
	None
	Once ¾ of the way full seal the liner and close the box for the custodian to pick it up from the lab.



[bookmark: _Ref471479784]Especial considerations on sharps waste
A “sharp” is defined as any object that can puncture or cut the skin, such as: syringes and needles contaminated or not with infectious or biological material, scalpels, blades, lancets, glass slides, pipettes, pipette tips, test tubes, glass blood vials, broken glass, empty reagent bottles, unused glassware, and the like. Incorrectly using sharp objects and disposing of them inappropriately may place people at risk of injury and possibly infection. The following instructions must be followed in order to prevent self-inflicted injuries or injuring others (e.g., cleaning and landfill workers) when handling sharps.
Tips for safe use, handling and segregation of sharps
Wear protective gloves when handling contaminated sharps.
Do not handle broken glassware directly; instead use a broom and dustpan, tongs or forceps to pick it up.
Needles shall not be bent, recapped, or removed from the syringe.
Do not leave exposed sharps on work surfaces.
Where syringes are used in a chemistry work, non-compatible chemical residues will be segregated into separate containers.
Glass items should be substituted by plastic ones when possible. 
Do not attempt to catch a sharp object if dropped. 
Purposeful sharps shall only be used for what they are intended. 
When working with cutting sharps e.g., blade, scalpel or lancet:
Do not use a blade without its handle. 
Always cut away from your body. 
Make sure no one is “down range” while you cut. 
Eye protection is advised due to blades that break. 
Carry knives with their blade pointed towards the floor. 
Change the blade regularly. A dull blade is more dangerous than a sharp one. 
Never force the knife; instead make many light cuts instead of a single hard cut. 
Sharps that are contaminated with biohazards and chemicals shall be disposed of in red, plastic containers that must be closable, puncture-proof, and leak proof (Figure 3A, Figure 3 B). These containers are available for purchase at Sciences Store (SS) in MC E304, ext. 3407.
‘Glass Only’ hard cardboard boxes (Figure 3C) lined with a plastic bag are provided by the custodians.A
B
C

Obtain your sharps container and place it in your laboratory next to where the sharps are being used, in an area of easy access, and NEVER in hallways or other public areas. 
All containers shall be labelled with the name of the principal investigator and appropriate hazards as outlined below:
biohazardous sharps waste must bear the international biohazard signage. 
chemically hazardous sharps waste must bear the yellow chemical waste label available at Sciences Store. 
Every waste container shall be closed when ¾ full and: 
the cardboard boxes’ plastic lining must be sealed and the box lid put back on for custodial services personnel to pick up the waste;
red biohazard sharps containers are transported to, and stored in, Cairns 244 (Biomedical Waste storage room) or placed in a designated laboratory area (contact your area Biosafety Coordinator for details).
Store chemically contaminated sharps containers in the lab until pickup.
[bookmark: 2)_Identify_Your_Sharp_and_Dispose_of_in]Contact Science Stores for pickup of biohazardous or chemically contaminated sharps waste. Sharps waste is collected and finally disposed of by a designated Brock contractor in coordination with Science Stores personnel.Figure 12 A- Biohazardous sharps waste container with the biohazard symbol.  B- Chemically hazardous sharps waste container with the yellow sticker. C- Broken/intact glass waste container.

[bookmark: _Toc424648528][bookmark: _Ref432682041][bookmark: _Toc474937882]Medical Surveillance
The medical surveillance program aims to prevent and detect illnesses related to exposure of personnel to pathogens or toxins and to provide a response mechanism through which potential infections and intoxications can be quickly identified and treated before serious injury, disease, or transmission occurs. 
The following provisions should be implemented in each lab where pathogens or toxins are identified:
1. The supervisor shall inform users of the infectious material of associated risks, potential source(s) of exposure and mitigation strategies in place, as well as of signs and symptoms associated with disease acquisition. Documentation of this training must be recorded.
Laboratory personnel must immediately notify the lab supervisor in the case of incidents that may have resulted in an exposure to a human pathogen or toxin or disease that may have been caused by an exposure to a human pathogen or toxin.
For incident reporting use the form available here. This form should be signed by the supervisor and emailed to besafe@brocku.ca
Emergency medical contact card to be issued to containment zone personnel handling non-human primates or human pathogens.
Immunoprophylaxis and/or vaccination shall be made available to users when available and indicated.  Contact the Biosafety Officer at ext. 6179 for coordination when a case is identified. 
Lab personnel shall be asked to seek medical clearance to work with infectious materials if they are immunocompromised or pregnant.
[bookmark: _Toc424648529][bookmark: _Toc474937883]Post-Exposure Evaluation and Follow-Up
Should a lab user be exposed to a potentially infectious material (via needle stick, splash, etc.) post-exposure evaluations will be provided as described herein. 
The exposed person shall seek medical attention at the closest emergency room immediately as post-exposure assessment and treatment is most effective if administered within a few hours when available.
In the case of students, they may attend the office of Student Health Services during office hours for a faster attention.
Following a report of an exposure incident, Health, Safety & Wellness will:
· Provide the attending physician with documentation of the source and route of exposure and the circumstances under which the exposure occurred.
· Coordinate for the collection and testing of the source’s person blood to determine the presence of HIV or HBV infection HBV and HIV antibody status of the source person (if applicable).
· Provide follow-up of the exposed person including counseling.
· Report PHAC of incidents resulting in a known or suspected pathogen exposure, including follow-up.
· [bookmark: _Toc424648530]All other findings and diagnoses will remain confidential and shall not be included in the written report. 
[bookmark: _Toc474937884]Emergency Response
Emergency scenarios in the lab refer to punctures, small cuts, spillage of biological material that may contain infectious agents, medical emergencies, and fire and power loss.
General provisions
It is important to remain calm and learn what to do well before hand so that each step is followed with accuracy to ensure an effective response and avoid further spread of pathogens.
The handling of clothing, personal protective equipment or materials that have gotten contaminated with infectious material should be done with caution and in a manner that prevents further spread of any spilled material onto oneself, others in the lab or to emergency response personnel. 
All instances of incidents or accidents in relation to work with biological agents shall be reported to the Supervisor and the Biosafety Officer for investigation, documentation and follow up using the Incident/Accident Report Form available here . More information on this is provided at the end of this section.
[bookmark: _Toc474937885]First Response
Immediately after an overt exposure, remove any clothing (gloves, laboratory coat.) to properly uncover the exposed area. The exposed person and any responding person must wash and disinfect hands thoroughly prior to first response. 
When the extension or severity of the injuries warrant the immediate removal of the injured from the laboratory contact CSS immediately at Ext. 3200 for transport to an emergency medical facility.
Clothing that resulted contaminated during the spill must be placed in a biohazard bag and autoclaved prior to washing.
Goggles shall be decontaminated with a disinfectant appropriate for the pathogen involved in the incident before reuse.
Follow the procedures described below to administer first response in different scenarios. After the first response has been provided, it is required to administer post-exposure prophylaxis; refer to the Medical Surveillance section for more information.
Inoculation of Infectious Microorganisms
Flush the exposed area with plenty of water and soap.
Apply topical disinfectant to the exposed site (e.g., 70% ethanol or isopropanol). If applying tincture of Iodine 1%, ask the person for any known allergy to iodine before applying it.
If bleeding is present let bleed freely. DO NOT apply pressure.
When bleeding ceases, cover the puncture site with bandage.
Ingestion
As food, drinks, and drugs or eating, drinking, administration of drugs, smoking and mouth pipetting are not permitted it is not expected that ingestion occur. 
Any drugs required under medical treatment should be administered outside of the laboratory area.
Splashing into Eye or Face
Proceed or assist the person to the closest eyewash station. 
Open the spouts’ lid and turn the handle with eyes held directly into the spray. Flush the eyes for 5 minutes.
Dry face and eyes carefully with a paper towel. Discard the towel in a biohazard bag.
Spillage on body
Remove clothing and take a shower on the closest emergency shower station for 5 minutes. 
Dry the area of suspected contact with a paper towel – discard the towel in a biohazard bag.
Apply topical disinfectant to the area of contact if necessary.
Aerosol
Upon an aerosol exposure wash area of contact immediately and profusely with water for 5 minutes. Dry with a paper towel and discard the paper towel in a biohazard bag.
[bookmark: _Ref432513673][bookmark: _Toc474937886]Environmental Spills
Spill prevention.  The best way to manage a spills mitigation program is to eliminate or reduce the possibility of their occurrence.
Plan and prepare your work;
Practice the protocol with non-hazardous materials until comfortable with the procedures; 
Eliminate clutter;
Check all glassware and equipment for defects before commencing work;
Allow adequate time to perform the procedures including cleanup. Incidents occur when people are tired, rushed, or distracted.
Minimizing the consequence of spills. If a spill does occur, you can minimize the aggravation and time by organizing the work and the work area.
Eliminate all extra materials that are not immediately required.
Eliminate all porous materials. Materials such as cardboard boxes and cloth chairs cannot be decontaminated and will need to be discarded if contaminated.
Do NOT use the lab for storage of supplies.  If there is no other area for storage, keep supplies in impervious containers such as plastic totes which can be easily decontaminated or in cupboards with doors which can be disinfected. Do not keep supplies in cardboard boxes in the biocontainment laboratory.
Use bench coat (absorbent plastic-backed material) when manipulating biohazardous materials.
Standard Spill Clean-Up Procedure
Upon a spill of biological material known or suspected of containing an infectious agent follow the general procedure described below.  As a rule, always keep ready a disinfectant appropriate for the material being handled. In the section on decontamination of the manual there is a list of commonly used disinfectants that will help you with the search. 
1. Alert people in the vicinity, e.g., place a note at the lab entrance or in a conspicuous area. Leave the area, until aerosols have settled, for fifteen minutes.
2. Locate the spill kit (Figure 13) closer to you for a supply of absorbing pads, goggles, gloves, and dust pan with broom.
3. When treating spills always wear gloves, lab coat and spill-protective goggles, and work from the outside to the inside to concentrate the spill rather that disseminating it.
4. Cover the area with absorbing pads or towels starting around 10-15 cm outside of the spill border, use as much material as needed to absorb all the liquid. 
5. While working towards the center soak the towels with a disinfectant solution keeping a few centimeters distance, and do so carefully and slowly.  Refer to the Table 8 for a list of commonly used disinfectants.
6. Allow the proper contact time for the chosen disinfectant. 
7. Remove the disinfectant-soaked towels with forceps and place them in the general garbage, provided that the contact time indicated by the manufacturer has been observed.
8. Re-clean the area with the disinfectant solution.
9. If equipment or furniture were spilled upon, proceed in a similar fashion. Keep in mind that certain disinfectants are corrosive causing damage metals so choose appropriately.
10. Use forceps, tongs, or broom to remove broken glass and other items. Place sharps in its container.
11. Choose autoclaving when the spilled items /materials are autoclavable for a more effective and simple process.
12. Inform others when the cleanup is complete.
13. Remove gloves, wash hands and wear clean lab clothing.

Spills inside a BSC
Remove the outer layer of gloves every time you take your hands out and wear a fresh pair when entering your hands in the BSC while you are treating the spill. Place dirty gloves in the in the biohazard bag inside the BSC.
1. Leave the BSC immediately after the spill is detected and allow the blower to purge any aerosol for 5 minutes before treating the spill.
2. If your clothing was spilled upon, remove the coat and place it in the biohazard bag. Don a clean piece of clothing, and a second pair of gloves.
3. While the BSC keeps running apply the general procedure described above over the spill and on any piece of equipment, instrument, or utensil being used. Items that are autoclavable may be double-bagged in autoclaving bags and brought outside of the BSC before the general procedure is applied to the BSC surface and disposable items. Goggles & nitrile gloves
Absorbent pads

4. After the proper disinfectant has been used for the recommended contact time place disposable items in a plastic bag and dispose of the bag in the general garbage.
5. Remove one layer of gloves. Wear a second layer of gloves and double bag the autoclave bag, close it and remove it from the BSC. Remember to surface decontaminate the biohazard bag and all other materials before its removal from the BSC.[bookmark: _Ref432687745]Figure 13 - Spill kit in Cairns building labs 

6. Wipe down the surfaces with the same solution.
7. Let the BSC run for another 10 min. before resuming work, otherwise turn the blower off, close the sash, and turn on the UV light for 1hr to 2 hrs. Additional time does not prove to be necessary.
8. Remove gloves, wash hands and wear clean lab clothing.
Spills inside a sealed safety cup
1. Bring the cup inside a running BSC.
2. Place a good layer of disinfectant soaked paper towel on the plenum.
3. Bring a container that can hold the centrifuge cup inside and sit it over the towels.
4. Place the safety cup inside the container and fill it with an appropriate disinfectant.
5. Let it sit for the recommended contact time, meanwhile change clothing and gloves.
6. Using forceps remove any piece of glass and place them into the sharps container.
7. Place the towels in a plastic bag and disposed of the bag in the general garbage.
8. Wipe down the surface of the cup with the disinfecting solution.
9. Leave the safety cup inside the BSC until it dries.
10. After removing the cup form the BSC do a thorough clean to the BCS surface.
11. Remove gloves, wash hands and wear clean lab clothing.
Spills inside a centrifuge outside a sealed safety cup
When a centrifuge glass tube breaks during a run a foreign noise coming from the centrifuge may be heard, in this case the cleanup procedure is as follows:
1. Turn off the centrifuge and allow contents to stand undisturbed for 15 minutes before opening. If the case is that of broken tubes or a spill found on opening the centrifuge close the centrifuge and allow standing for 15 minutes prior to re-opening.
2. Notify lab personnel in the vicinity and ensure nobody open the centrifuge until the spill is cleaned.
3. Locate the spill kit and wear gloves, a lab coat and goggles.
4. After 15 minutes open the centrifuge. Working slowly and smoothly to avoid creating aerosols remove rotor taking care to avoid broken glass from tubes.
5. Remove any broken glass inside the centrifuge with forceps and place in a sharps container.
6. Place absorbent pads soaked in an appropriate disinfecting solution around the centrifuge interior surface and rotor surfaces. NEVER immerse body of the rotor in liquid, but cover every possible surface area with disinfectant soaked towels.
7. Allow the disinfectant work for the indicated contact time.
8. Using forceps, remove absorbent pads or towels soaked in disinfectant and place in a plastic bag. Dispose of the bag in the general garbage.
9. Wipe the interior surface of the centrifuge, and rotor surfaces with the disinfectant solution. 
10. Let dry before reusing.
11. Remove gloves, wash hands and wear clean lab clothing.
[bookmark: _Toc474937887]Fire emergency
Many fire pull station are located across campus for fire emergencies. Upon activation the alarms will go on until emergency responders reset them however in some instances older units get “exhausted” and stop sounding despite an ongoing emergency, this is the case for the Mackenzie Chown building. For this reason, upon a fire emergency no person shall return to the labs until advised to do so by a person of authority such as campus security staff, emergency responders or fire wardens. 
If you discover a Fire in the lab
1. If working with biohazardous material, seal or close place the material inside a functioning BSC, remove your personal protective equipment and wash your hands
2. Activate the nearest Fire Alarm Pull Station and evacuate the lab immediately
3. Warn others immediately to leave the building at the nearest safe exit or fire stair- help any handicapped person to reach the stairwell 
3.    Attempt fire suffocation with a cover or extinguisher ONLY if safe (small, contained fire & exit route clear) and able, up to 1-minute maximum, otherwise
4. Leave the fire area and close doors. 
5. Call Emergency Services – 911 - from a safe location to ensure response and then Brock (905-688- 5550) X3200 to advise CSS of location/circumstance.
6. Return to the lab only when advised by a person of authority, e.g., fire warden, campus security staff, emergency responders, safety personnel.
If you hear a fire alarm
1. If working with biohazardous material, place the material inside a functioning BSC, remove your personal protective equipment and wash your hands
2. Immediately leave the building at the nearest safe exit or fire stair- help any handicapped person to reach the stairwell and advise campus security at ext. 3200 
3. Return to the lab only when advised by a person of authority, e.g., fire warden, campus security staff, emergency responders, safety personnel.
[bookmark: _Toc474937888][bookmark: _Toc384209033]Building power loss
In the event of an interruption in the main electrical power supply, the building emergency power generator will start up and provide backup electrical power after a few minutes’ delay (approx. 1-2 min).
Recap or seal any infectious material, place it inside a biosafety cabinet and close the cabinet sash. 
Any work shall be discontinued until the main power failure is resolved. 
If the emergency generator does not function correctly, secure the infectious material and evacuate the building.
[bookmark: _Toc474937889]Building Evacuation
Various incidents may require the evacuation of the building in which the laboratory is located. Incidents include floods, gas leaks, and the like.
Procedure for building evacuation
When the building evacuation alarm is activated, and it is safe to do so, quickly:
Stop work;
Cover all containers, extinguish any open flames, and shut down any equipment;
Close the sash of the biological safety cabinet;
Remove personal protective equipment and lab clothing taking care not to contaminate the work area and wash your hands;
Leave the building by the shortest safe route and proceed to the prearranged assembly point.
Provide information to emergency response personnel if you have knowledge of the emergency.
Do not delay leaving the building to try to “save” an experiment.
Building evacuation when working with animals
If the procedure with the biohazardous materials involves working with animals, consult Animal Care Services for developing a work-specific protocol that includes consideration of the welfare of the animals.
[bookmark: _Toc474937890]Biosafety Cabinet Failure
DO NOT use a BSC if the alarm sounds or if there are other indications of cabinet malfunction such as no airflow or unusual noises. Follow the steps outlined below when in presence of a faulty BSC.
1. If working with infectious material, immediately stop and cover the material. Remove gloves, wash hands and don fresh gloves before proceeding. 
2. Switch off the alarm or the power if the motor is making a noise.
3. Seal, surface decontaminate and remove any biohazardous material.
4. Thoroughly decontaminate the BSC surface with a disinfecting solution that is appropriate for the pathogen handled.
5. Place a sign on the cabinet to indicate that it is broken and must not be used until further notice.
6. Report the issue to your supervisor, who in turn will contact the Biosafety Officer or the office of Health, Safety & Wellness for equipment repair.
[bookmark: _Toc384209034][bookmark: _Toc474937891]Incident Reporting
All incidents, injuries, and accidents that result in a potential exposure to biohazardous materials shall be reported using the University Injury/Incident Report form available at: http://brocku.ca/hr-ehs/environment-health-safety, and also at https://brocku.sharepoint.com/human-resources/Documents/IncidentInjuryForm.pdf
Incidents which must be reported include but are not limited to:
Needlesticks;
Any injuries with sharps;
Any spill of biohazardous material outside of the biological safety cabinet; 
Bites or scratches caused by animals;
Any spill in a centrifuge or incubator; 
Exposure to aerosols;
Unplanned events involving biohazardous waste;
Any fever or illness that may be caused by exposure to the biohazardous material; 
Any infection or disease known or suspected to be lab-acquired;
[bookmark: _GoBack]Any release of the biohazardous material that may cause harm to persons, animals, or the environment.
Incidents shall be reported as soon as possible and in any event within 24 hours. Do not delay submitting the form; missing signatures can be obtained later.
Once filled out the form should be submitted to the supervisor (generally the Principal Investigator) and to the Biosafety Officer via email at besafe@brocku.ca, or lvistorte@brocku.ca, or in person to the Cairns building office 507.
[bookmark: _Toc474937892]Biosecurity
Biosecurity refers to the security measures designed to prevent the loss, theft, misuse, diversion, or intentional release of infectious material or toxins. Biosafety and biosecurity concepts are complementary as the implementation of good biosafety practices serves to strengthen biosecurity programs.
[bookmark: _Toc474937893]Biosecurity Risk Assessment
A biosecurity risk assessment shall be conducted to develop a biosecurity plan. The element of this risk assessment are as follows:
Identify and Prioritize Assets
Identify infectious material in the facility, noting location and state or the material. Determine the potential for the misuse of the infectious material and prioritize based on the consequences of release. The consequences may include the number of people or animals that could become infected, intoxicated or killed; the social, economic and environmental impact; and the impact on research due to the loss of material. Specific threats associated with the possession of other assets may also affect the security of the infectious material within the facility.
Define Threats 
Identify individuals, organizations or groups that may pose a threat to the infectious material. Determine the motive, means and opportunity of these potential threats. This includes the potential of internal threats such as disgruntled employees and animal rights activists.
Determine Risks and Mitigation Strategies 
List potential biosecurity scenarios based on the infectious material that are present, persons involved, and actions required (e.g., emergency response). The probability of each scenario occurring and the associated consequences should be evaluated. Possible mitigation strategies for vulnerabilities identified in the scenarios should be identified and used when developing the biosecurity plan.
[bookmark: _Toc474937894]Biosecurity Plan
With the elements gathered during the risk assessment, a biosecurity plan must be implemented, which includes the following elements:
Physical Security 
Adequate physical security must be provided to all containment areas through lockable doors, which must be closed at all times. Only individuals authorized in the biohazard permit can enter the lab. Visitors must be accompanied by an authorized individual throughout the stay.
Personnel Suitability and Reliability 
Personnel suitability and reliability policies and procedures should define and document the training, experience, competency, and suitability requirements for personnel who handle or have access to infectious materials or toxins. 
Procedures may also be needed for approving and granting visitors access to controlled areas. An ongoing reliability program which seeks to enforce acceptable behaviour can also be beneficial in reducing the risks associated with personnel. For example, the availability of programs that identify and offer assistance to employees who are experiencing problems may be considered as a possible method to reduce the risks associated with disgruntled employees. 
Infectious Material Accountability 
Infectious material accountability procedures are established in order to track and document infectious material and toxins within the institution/organization, so that material can be located when necessary and missing items can be identified readily. The accountability procedures are generally part of a larger inventory tracking system 
Incident and Emergency Response 
Incidents, such as missing infectious materials or toxins or unauthorized entry, must be reported, documented and investigated. The incident report form is available for download here. A mechanism should also be in place for the removal of unauthorized personnel.
Information Security 
Sensitive information must be protected from unauthorized access and ensure the appropriate level of confidentiality. Sensitive information may include facility security plans, access codes, passwords, infectious material and toxin inventories, and storage locations. Policies should govern the classification and handling of sensitive information and address how the information is collected, documented, transmitted and accessed. The protection of information should be consistent with the level of risk posed by the material in question.

[bookmark: _Toc424648531][bookmark: _Toc474937895] Documentation and Record Keeping
The biosafety program will generate records for most activities. These records provide evidence that a specific activity was performed, document the results achieved, and can also be used for the ongoing improvement of the biosafety program.
Laboratory supervisors and individuals designated by their department as responsible for specific activities or equipment are to keep the following documentation, except when otherwise indicated.
Departmental training and refresher training. 
Note: attendance to biosafety trainings either at departmental or university level shall be updated in the Sakai site set up for that purpose. If you need access and are not set up to use the site, contact the BSO ext. 6179.
Inventory of pathogens, toxins, and other regulated infectious material in long-term storage including location and risk group(s); inventory to include any material stored outside of the containment zone; a template is available in the appendices section Table 11- Biological Material Inventory form  
Records of regular inspections of the containment zone and corrective actions.
Records of equipment maintenance (centrifuge, BSC, water baths, etc.), repair, inspection, testing, or certification.
Note: the office of HSW maintains records of repairs and, testing and certification of BSCs. Records pertaining to the equipment mentioned in the line above are to be kept by the laboratory supervisor.
Calibration certificate of equipment used for performance verification and testing of containment systems and essential biosafety equipment (must be valid at the time of testing). Note: these are kept by the office of HSW as well.
Copy of the license and of individual permits to be kept on file for a minimum of 5 years. 
Animal pathogen import permit for animal pathogens, toxins, and other regulated infectious material to be kept on file for a minimum of 2 years following the date of disposal, complete transfer, or inactivation of the imported material.
Records of incidents involving pathogens, toxins, other regulated infectious material, infected animals, or losses of containment to be kept on file for a minimum of 10 years.
Inventory of security sensitive biological agent in long-term storage, both inside and outside the containment zone, including:
· Specific identification of the pathogens, toxins, and other regulated infectious material; and
· A means to allow for the detection of a missing or stolen sample in a timely manner.
For SSBA, record of all individuals entering and exiting the containment zone. Records of validation and routine verification of decontamination technologies (autoclaving process and chemical inactivation or disinfection) to be kept on file.
For SSBA, access to records and documentation pertaining to pathogens and toxins to be restricted to authorized personnel.
[bookmark: _Toc474937896]Dual-Use Research in Life Sciences
Dual-use in life sciences research refer to biological agents, knowledge and technologies generated by legitimate research that may be appropriated for illegitimate intentions and applications.
[bookmark: _Toc474937897]Considerations for Identifying Risk from Dual-use Research
Can or could the research:
have unintended consequences to the public health and environment?
result in the creation of a dangerous pathogen that could be released accidentally from a laboratory, either though infected person or environment release?
result in the creation of a dangerous pathogen that could be stolen or diverted for nefarious purposes?
generate knowledge or methodologies that can help create novel pathogens or re-create previously eradicated agents?
Generate technologies that could be used for weaponizing biological agents?
[image: ]Following is a decision tree to assist in in identifying potential dual-use research.

[bookmark: _Toc474937898]Considerations for Risk Assessment and Mitigation of Research with Dual-Use Potential
Once the dual-use potential has been confirmed, a risk assessment should be performed to assess the ways in which pathogens, knowledge, technology or products (e.g., toxin) could be misused, the ease with which they may be misused, and the scope and magnitude of the potential consequences of misuse.
Considerations of the following questions can help when performing the risk assessment:
What types of pathogens, knowledge, technology, or products are anticipated to be generated through the research?
How could pathogens, knowledge, technology, or products resulting from the research be misused to pose harm to public health and safety or national security?
What type of technical skills will be required to repeat the experiment?
Are the materials, tools and equipment expensive or difficult to acquire?
If released outside the laboratory, will the pathogen affect humans and/or animals?
What is the likelihood that the knowledge, information, technology, or products from the research will be used to harm public health and safety, the environment (including animals) or national security?
What is the scope and magnitude of the potential risk(s) identified?
An effective oversight system is based on identifying and managing the risks associated with the potential of misuse or misapplication of organisms, knowledge, technology, and products of research resulting in the harm to the public health and safety, animals, or national security. Therefore, risk mitigation plans should be created and measures implemented to address the identified risks.
Considerations of the following questions can help in creating an effective risk mitigation plan:
What is the strategy or strategies being implemented by the institution/organization to address the risks (e.g., applying specific biosafety and biosecurity measures or modifying experimental design or methodology such that an attenuated strain is used or strain’s ability to proliferate outside of the lab or within different hosts is limited by using a different technique)?
Are there currently any countermeasures (e.g., treatments) to help mitigate the potential consequences? Are they readily available?
How will the results or products of the research be shared or distributed (i.e., will the results or products be shared openly or remain within the laboratory or institutions)?
	How readily available are these results?
Who will have access to the knowledge, information, technology, or final products?
Will the risk change if specific information is redacted for publication?
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EQUIPMENT RECORD NO._____________

	BSC Make
	BSC Model

	BSC Serial Number #


	
Date ______________________________

	
Name of Operator _________________

	Description of problem and immediate remedial action, if any.


                                                                                      


Initial _______________________

	Description of Service.





Service Contractor ________________________

Signature ________________________________ Date __________________________

	Comments




Resumption of operation
Date ________________
Initial _______________


Table 10. Equipment Maintenance Record form
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[bookmark: _Ref432670984]Figure 15- Biohazard Signage Template (sticker available at Science Stores; fillable pdf available at http://brocku.ca/hr-ehs/environment-health-safety/academic-safety/biosafety)
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[bookmark: _Ref432683437][bookmark: _Ref474937170] Table 11- Biological Material Inventory form
[bookmark: _Ref442432670][bookmark: _Ref474937284][image: ]Figure 16- Biohazardous Agent Transfer Notification form.
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Brock University

Injury/Incident Report

Date of Injury/Incident (D/M/YY) Time of Injury/Incident H:MM Brock Employee []
O Brock Student [
am University Visitor []
P[]} other:
Last Name First Name Gender
Male [l
Female []
Address Age: 0-10 [ 21-39 [
11-20[] 40-59 []
. 60+ []
City Postal Code
Where did the Building Floor # Room # / Location
injury/incident occur?
Describe injury / injuries: Injury Type(s) (See page 2 for reference) | Body Part (s) (See page 2 for reference) | Left Side [
Right Side [
n/a ]

Describe any first aid treatment administered and/or medical aid to date (e.g. Physician, physiotherapy, etc.)

Injured person sent to:
(Check appropriate)

Brock Health Services []
Brock Athletic Clinic []

Physician []
Hospital []

Ambulance []
Other:

Briefly but precisely outline the sequence of events leading up to the incident or injury. Include the size, weight and type of

equipment or material involved, etc. Attach a diagram if relevant.

Describe any property damage or hazardous situation, real or potential:

Names, addresses and phone numbers of witnesses or persons having knowledge of incident:

*Complete this section only when the injured person is a Brock employee*

Lost Time beyond date of

injury:
|:|Yes |:| No

Occupation

Department

Hire Date: D/IM/YY

Normal Working Hours | |

For Week of Injury:

to

S MTWTF S

Supervisor

Total Hours

D/M/YY Supervisor Notified

D/M/YY of Birth

Social Insurance Number

Treating Physician & Address

Name of person who completed this form Date

Submission instructions:

1. Print three (3) copies

2. Send one completed copy to the Office of Health, Safety & Wellness (HSW) within two (2) business days of injury or incident
3. Give one copy to your supervisor or the person responsible for the location of the incident to complete and forward to HSW

4. Keep one completed copy for your records

Department/Extension

03/04
Page 1 of 2





		Time of Injury/Incident: 

		Age: Off

		Body Part Left Side: 

		0: Off



		Body Part Right Side: Off

		Body Part N/A: Off

		Affiliation: Off

		Affiliation Other: 

		Date of Injury/Incident: 

		Last Name: 

		First Name: 

		Address: 

		City: 

		Postal Code: 

		Building: 

		Floor Number: 

		Room #: 

		Describe Injury: 

		Injury Type: 

		Body Part: 

		Phone #: 

		Gender: Off

		First Aid Description: 

		Sequence of Events: 

		Injured Person Sent Other: 

		Sent to: 

		0: 

		0: 

		0: 

		0: Off

		1: Off

		2: Off



		1: 

		0: Off

		2: Off









		Property Damage: 

		Witnesses: 

		Occupation: 

		Department: 

		Hire Date: 

		Lost Time: Off

		Supervisor: 

		Date Supervisor Notified: 

		Birth Date: 

		Social Insurance Number: 

		Treating Physician: 

		Name of Form Filler: 

		Department / Extension: 

		Date: 

		Work Time from: 

		Work time to: 

		Total Work Hours: 

		Sunday: 

		0: Off



		Monday: Off

		Tuesday: Off

		Wednesday: Off

		Thursday: Off

		Friday: Off

		Saturday: Off

		Time: Off
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