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CHAPTER 1:  BACKGROUND 

Purpose 

Biorisk management (BRM) is a discipline that promotes safe and responsible work in research and 
diagnostic laboratory operations, animal holding facilities (including insectaries and aquatic species holding 
areas), plant propagation facilities (including greenhouses, headhouses and quarantine facilities), and field 
research or surveillance settings where hazardous biological agents or toxins are collected, propagated, 
manipulated, stored, or studied or where there may be an exposure to such hazards. These settings include 
locations where agricultural emergency response activities involve, and environmental or other laboratory 
operations receive, samples suspected of containing hazardous biological agents or toxins. BRM requires 
the use of risk management strategies. These may include, but are not limited to, proper use of engineering 
and administrative controls, personal protective equipment (PPE), and containment facilities to prevent 
exposures and occupational-acquired infections, or potential release of hazardous biological agents or 
toxins into the environment. A BRM program is a framework comprised of an organizational structure, 
policies, practices, and biosafety and biosecurity guidance instituted and supported by agency 
management to prevent or minimize employee exposures to hazardous biological agents or toxins, the 
accidental environmental release of hazardous biological agents or toxins, and the deliberate misuse of 
biohazards through the promotion of safe laboratory practices, procedures, and proper use of containment 
equipment and facilities by APHIS employees, students, visitors, and contractors. 

The U.S. Department of Agriculture (USDA) Animal and Plant Health Inspection Service (APHIS) BRM 
Program builds upon a culture of biosafety, biosecurity and responsible conduct in life sciences to 
support, complement, or enhance operating procedures, rules, and practices, as well as professional 
standards and ethics, designed to prevent loss, theft, misuse, and diversion of biological agents, related 
materials, technology or equipment, and the unintentional or intentional exposure to, or release of, 
biological agents or toxins. 

The APHIS BRM Program is established to assist Agency leadership, management, supervisors, and 
employees in meeting these performance standards. Education, training, and competency development are 
essential for increasing BRM and hazard awareness and preventing exposure to hazards. The program 
requires that APHIS supervisors provide training, engineering controls, PPE, and other health and safety 
related items. It is the responsibility of area supervisors to identify safety and occupational health risks 
and hazards and develop associated mitigation strategies with the assistance of the local and program safety 
and health staff, and if needed the Emergency and Regulatory Compliance Services’ (ERCS) Emergency 
Management, Safety, and Security Division (EMSSD), Safety and Health Branch (SHB) staff, including 
the APHIS Biosafety Officer. Occupational health concerns or potential chemical exposures should be 
reported to the area supervisor for evaluation and possible referral to the SHB. 

Policy 

It is APHIS policy to comply with all applicable regulations and industry standards, provide a safe and 
healthful work environment to all employees, and be a responsible   steward of the environment and a good 
neighbor to the communities where our facilities are located and our employees work. To this end, APHIS 
establishes a BRM program with the following objectives: 

To identify, evaluate, and control Biorisk-related hazards, and prevent biorisk-related incidents, as well as 
reputational risks to the facility, APHIS, or USDA in the event of a catastrophic event to agriculture or 
public health. 

To minimize and prevent the occurrence of exposures or potential exposures to hazardous biological 
agents that may lead to laboratory- or field-acquired infections. 
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To prevent loss, release, or theft of hazardous biological agents or toxins that may impact the 
environment, economy, or international trade. 

To promote excellent and quality life sciences research that is conducted responsibly, safely, and 
securely. 

To meet or exceed the requirements of Federal, State, and local regulations pertaining to biological and 
laboratory safety. 

Authorities 

• 7 CFR Part 330.201, General: Applications for Permits to Move Plant Pests  

• 7 CFR Part 331, Possession, Use, and Transfer of Select Agents and Toxins (Agriculture)  

• 9 CFR Part 121, Possession, Use, and Transfer of Select Agents and Toxins (Animals and Animal 
Products)  

• 9 CFR Part 122, Organisms and Vectors  

• 29 CFR Part 1910, General Duty Clause 

• 29 CFR Part 1910.1030, Bloodborne Pathogens 

• 40 CFR Parts 152, 158 and 161; Declaration of Prion as a Pest Under FIFRA; Related 
Amendments; and Availability of Final Test Guidelines 

• 42 CFR Part 71.54, USPHS Import Regulations for Infectious Biological Agents, Infectious 
Substances, and Vectors  

• 42 CFR Part 73, Select Agents and Toxins (Public Health) 

• Transportation of Infectious Substances (including live animals) 

• 7 CFR Part 331 and 9 CFR Part 12, USDA Agricultural Bioterrorism Protection Act of 2002; 
Possession, Use, and Transfer of Biological Agents and Toxins 

• 9 CFR 112, USDA, APHIS Subchapter C – Interstate Transportation of Animals (Including 
Poultry) and Animal Products 

• 15 CFR 742, 744, and 774, Department of Commerce Control Policy and Commerce Control List 

• 29 CFR 1910.1030, U.S. Department of Labor, Occupational Safety and Health Administration, 
Bloodborne Pathogens Standard 

• 39 CFR 111, U. S. Postal Service (USPS) Domestic Mail Manual 

• 42 CFR 71, U.S. Public Health Service (USPHS) Foreign Quarantine 

• 42 CFR 71.54, Etiologic Agents, Hosts, and Vectors 

• 42 CFR Parts 72 and 73 Centers for Disease Control and Prevention, Department of Health and 
Human Services, Shipment of Etiologic Agents and Select Agents and Toxins 

• 49 CFR Parts 171-180, Pipeline and Hazardous Materials Safety Administration (USDOT) 
Hazardous Materials Regulations 

• Americans with Disabilities Act (ADA) 

• Equal Employment Opportunity Commission (EEOC) 

• Family and Medical Leave Act (FMLA) 
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• Genetic Information and Nondisclosure Act (GINA)  

• Health Insurance Portability and Accountability Act of 1996 (HIPAA) 

• International Civil Aviation Organization (ICAO). Model Regulations 2.6.3.1.3, 2.6.3.4, 2.6.3.6.1 
and 2.6.3.6.2, Transportation of Live Animals and Animal Materials, Infected with Pathogens 

• USDA. ARS Facilities Design Standards 242.1, Chapter 9, Biohazard Containment Design 

• USDA Departmental Regulation (DR) 4400-007; Biorisk Management Policy. Departmental 
Regulation 4400-007 | Office of the Chief Information Officer (usda.gov) 

• USDA Departmental Regulation (DR) and Departmental Manual (DM) 9610-001; USDA 
Policies and Procedures on Security, Suitability and Incident Response for High and Maximum 
Containment Facilities 

• USDA Departmental Manual (DM) 9610-002; USDA Security Policies and Procedures for 
Laboratories and Technical Facilities (Excluding Biosafety Level-3 Facilities) 

• USDA Departmental Regulation (DR) 9630-001; USDA Policies and Procedures on 
Biohazardous Waste Decontamination, Management, and Quality Controls at Laboratories and 
Technical Facilities 

• USDA Department Manual 4070-735-001; Employee Responsibilities and Conduct 

 

References and Resources 

 AALAS. Biosafety and Laboratory Biosecurity Competencies for Animal Technical and 
Management Staff 

 AAALAC. Association for Assessment and Accreditation of Laboratory Animal Care 
(AAALAC) Resources 

 ABSA International. A Guide to Training and Information Resources on the Culture of Biosafety, 
Biosecurity and Responsible Conduct in the Life Sciences. International Working Group on 
Strengthening Biosafety, Biosecurity and Responsible Conduct in Life Sciences. 

 ABSA International. Culture of Biosafety, Biosecurity, and Responsible Conduct in the Life 
Sciences’ Self-Assessment Framework and Data Collection Tool. International Working Group 
on Strengthening Biosafety, Biosecurity and Responsible Conduct in Life Sciences  

 ABSA International. Risk Group Database 

 ABSA International. Laboratory-acquired Infections database 

 ABSA International. Working Safely with Laboratory Animals, Animal Biosafety Level 1-3 
Training 

 ABSA International. Working with Livestock in Biocontainment Training  

 ABSA International. Zoonotic Diseases Fact Sheet 

 ACGIH Industrial Ventilation: A manual for recommended practice 

 ACGIH. Threshold Limit Values (TLVs) for chemical substances 

 American Glovebox Society (AGS): Guideline for Gloveboxes 

 ANSI/AIHA Z9.5, Laboratory Ventilation (and Commissioning Tests)  

https://www.ocio.usda.gov/document/departmental-regulation-4400-007
https://www.ocio.usda.gov/document/departmental-regulation-4400-007
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 ANSI/ASSP Z9.11, Laboratory Decommissioning 

 ANSI/ASSE Z9.14, Testing and Performance Verification Methodologies for Ventilation Systems 
for BSL-3 and Animal BSL-3 Facilities 

 ANSI/ISEA Z358.1, Emergency Eyewash and Shower Equipment  

 ANSI/ISA S7.0.01, Quality Standard for Instrument Air 

 ANSI/ASSP Z9.14, Testing and Performance Verification Methodologies for Biosafety Level 3 
(BSL-3) and Animal Biosafety Level 3 (ABSL-3) Ventilation 

 ANSI/ASHRAE 110, Methods of Testing Performance of Laboratory Fume Hoods 

 APHIS. Biosecurity Selection and Use of Surface Disinfectants 

 APHIS. Job Hazard Assessment Form (270). APHIS Forms 

 APHIS Foreign Animal Diseases, 7th Edition, Committee on Foreign and Emerging Diseases of 
the US Animal Health Association 

 APHIS National Animal Health Emergency Management System - Cleaning and Disinfection 

 APHIS National Animal Health Emergency Management System - Disposal Guidelines 

 APHIS National Animal Health Emergency Management System, Disposal Guidelines and 
Standard Operating Procedures 

 APHIS National Animal Health Emergency Management System, Cleaning and Disinfection 

 APHIS National Animal Health Emergency Management System, Biosecurity 

 APHIS National Animal Health Emergency Management System, Health and Safety 

 APHIS National Animal Health Emergency Management System, Personal Protective Equipment 

 APHIS Online First Report of Incident, Accident, Injury, or Illness. First Report 

 APHIS. Plant Protection and Quarantine Program Containment Guidelines 

 APHIS. Plant Protection and Quarantine Program Commodity Import and Export Manuals 

 APHIS. Plant Protection and Quarantine Program Containment Features Standard Operating 
Procedures 

 APHIS. Plant Protection and Quarantine Program Emergency Response Manuals 

 APHIS. User’s Guide for Introducing Genetically Engineered Plants and Microorganisms  

 APHL. Packaging, Transportation, and Shipping of Infectious Substances Training 

 ASM. Updated Guidelines for the Protection of Mammologists and Wildlife Researchers from 
HPS  

 ASHRAE. Laboratory Design Guide - Planning and Operation of Laboratory HVAC Systems 

 ASHRAE. Classification of Laboratory Ventilation Design 

 ASHRAE Laboratory Design Guide (2015), Planning and Operation of Laboratory HVAC 
Systems 

 ASTM D 1709 Standard Test Methods for Impact Resistance of Plastic Film by the Free-Falling 
Dart Method 

 ASTM D 1922 Tear Resistance Test Method 

https://www.aphis.usda.gov/aphis/resources/forms/ct_aphis_forms
https://my.aphis.usda.gov/myportal/myaphis/home/
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 ASTMH. Arthropod Containment Guidelines 

 Australian Guidelines & Forms for Certification of Physical Containment Facilities 

 Australia, Commonwealth Scientific and Industrial Research Organization (CSIRO) manual 

 Baker. Safe Use of Biosafety Cabinet Educational Videos 

 Batelle. Safety Culture of Research 

 Biological Safety Principles and Practices. Wooley, D., and Byers. K, 5th Edition. (2017). ASM 
Press. 

 BSL4ZNET. Biosafety Level 4 Zoonotic Network resources 

 Caribbean Public Health Agency (CARPHA). Laboratory Biosafety and Biosecurity Training 
Materials 

 Canadian Food Inspection Agency (CFIA). Containment Standards for Facilities Handling Plant 
Pests, Office of Biohazard Containment and Safety Science Branch 

 Canadian Food Inspection Agency (CFIA). Containment Standards for Facilities Handling 
Aquatic Animal Pathogens 

 Canadian Food Inspection Agency (CFIA). Biosafety Guidelines Veterinary Practices & Physical 
Designs and Operational Practices for Diagnostic Activities 

 Canadian Public Health Agency. Pathogen Safety Data Sheets 

 CDC/APHL Guidelines for Biosafety Laboratory Competencies  

 CDC/APHL Competency Guidelines for Public Health Laboratory Professionals 

 CDC. Fundamentals of Working Safely in a Biosafety Cabinet training 

 CDC. Fundamentals of Centrifuge Safety 

 CDC. Guidelines for Safe Work Practices in Human and Animal Medical Diagnostic Laboratories 

 CDC. Hantavirus Pulmonary Syndrome (HPS) Updated Recommendations for Risk Reduction 
(for field researchers directly involved in disease ecology studies) 

 CDC. Immunization of Health-Care Workers: Recommendations of the Advisory Committee on 
Immunization Practices (ACIP) and the Hospital Infection Control Practices Advisory Committee 
(HICPAC) 

 CDC. Biological Risk Assessment: General Considerations for Laboratories 

 CDC. Use of Vaccines and Immune Globulins in Persons with Altered Immunocompetence. 
Advisory Committee on Immunization Practices (ACIP).  

 CDC/NIH Biosafety in Microbiological and Biomedical Laboratories, 6th Edition 

 CEN Workshop Agreement (CWA) 15793. Laboratory Biorisk Management 

 CEN Workshop Agreement (CWA) 15793. Laboratory Biorisk Management-Guidelines for the 
Implementation of CWA 15793: 2008  

 CFIA. Containment Standards for Facilities Handling Plant Pests 

 CFSPH. Iowa State University, Animal Diseases 

 CLIA Standard 42 USC 263a. Clinical Laboratory Improvement Amendment 

 CFSPH. Transboundary, Zoonotic Animal Diseases, Disinfection, and Online Courses 
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 CFSPH. The Antimicrobial Spectrum of Disinfectants 

 CFSPH.  Characteristics of Selected Disinfectants 

 CRS Press. Laboratory Biosecurity Handbook (Second Edition), J. Gaudioso, R. Salerno, and B. 
Brodsky. 

 CRC Press. Managing the Laboratory Animal Facility. Silverman, J. 

 CVMA. Veterinary Guide to Personal Protective Equipment 

 DOT. Shipping of Infectious Substances (informational brochure) 

 EPA. Approved Pesticides to Use Against the Causative Agents of Selected Foreign Animal 
Diseases in Farm Settings 

 EPA. Registered Disinfectants 

 Evaluating Laboratory Biorisk Management Performance. Laboratory Biorisk Management: 
Biosafety and Biosecurity. Boca Raton (FL): CRC Press; 2015  

 FAO. Laboratory Mapping Tool-Biosafety Module 

 FASS. Guide for the Care and Use of Agricultural Animals in Research and Teaching. 

 FSAP. Guidance on Inactivation or Removal of Select Agents and Toxins for Future Use 

 FSAP. Personal Quarantine Requirements Specific to Veterinary Infectious Diseases  

 Guidelines for the Construction and Operation of a Containment Facility for Insects and Mites 
used as Biological Control Agents, No. 22. Ottawa, ON. 2004 

 IATA/ICAO. Dangerous Goods Regulations 

 IFBA/IVBWG. Veterinary Containment Facilities Design and Construction Handbook 

 ILAR. Occupational Health & Safety in the Care and Use of Research Animals. 

 International Organization for Standardization (ISO) 35001. Biorisk Management for laboratories 
and other related organizations  

 International Veterinary Biosafety Working Group. Resources 

 International Working Group on Biosafety and Biosecurity. Guide to Training and Information 
Resources on the Culture of Biosafety, Biosecurity and Responsible Conduct in the Life Sciences 

 International Journal of Risk Assessment and Management. Health and safety risk assessment 
methodology to calculate reverse airflow tolerance in a Biosafety level 3 (BSL-3/ABSL-3) or 
airborne isolation room (AII) environment, 14(1-2); 157-175, 2010 

 International Organization for Standardization (ISO) 35001. Biorisk Management for laboratories 
and other related organizations; 2019  

 ISAC. Biosafety Standard for Sorting Unfixed Cells 

 JAVMA. Infection Control Practices and Zoonotic Disease Risks Among Veterinarians in the U.S. 

 NAPPO. Guidelines for Construction and Operation of a Containment Facility for Insects and 
Mites Used as Biological Control Agents 

 National Research Council. Guide for the Care and Use of Laboratory Animals: Eighth Edition. 
Washington, DC: The National Academies Press. https://doi.org/10.17226/12910. 

 Nature. Global Trends in Emerging Infectious Diseases (2008) 

https://doi.org/10.17226/12910
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 NAS. National Academy of Sciences. Transportation of Laboratory Animals 

 NASPHV. Compendium of Veterinary Standard Precautions for Zoonotic Disease Prevention in 
Veterinary Personnel 

 NAP. National Research Council. Biological Confinement of Genetically Engineered 
Organisms. Washington, D.C. 

 Netherland Government. Dual Use Quick Scan Tool. Biosecurity - Dual-Use Quickscan   

 NIH. Biosafety Level-3 Laboratory Certification Requirements 

 NIH. Design Requirements Manual 

 NIH. Guidelines for Research Involving Recombinant or Synthetic Nucleic Acid Molecules (NIH 
guidelines) 

 NIH. Genome Research Institute 

 NIH. Institute for Laboratory Animals. Guide for the Care and Use of Laboratory Animals 

 NIH. Institutional Biosafety Committees (IBCs), and Recombinant and Synthetic Nucleic Acids 
Training 

 NIH. Novel and Exceptional Technology and Research Advisory Committee. Draft Report of the 
Gene Drives in Biomedical Research Working Group (June 2021) 

 NIH. Occupational Health and Safety in the Care and Use of Nonhuman Primates 

 NIH/Dartmouth College. Safe Use of Autoclave Training 

 North American Plant Protection Organization Regional Standard for Phytosanitary Measures 
(RSPM) 

 NPS. Safe Work Practices for Employees Handling Wildlife 

 NSF/ANSI Standard 49 Biosafety Cabinetry: Design, Construction, Performance, and Field 
Certification. Annex 1 (formerly Annex E) 

 OIE. Guidelines for Responsible Conduct in Veterinary Research 

 OSHA. Guidance Update on Protecting Employees from Avian Influenza Viruses 

 OSHA. Permissible Exposure Limits for chemical substances 

 OSHA. Personal Protective Equipment (PPE) and Respiratory Protection eTools 
https://www.osha.gov/etools 

 PHE. Dual Use Research of Concern 

 SNL/DOE. Biosecurity Risk Assessment Methodology (BioRAM) tool. Biorisk Assessment 
Methodologies – Global Chemical and Biological Security (sandia.gov) 

  SNL/DOE. Lab Biosafety & Biosecurity Risk Assessment Guidance 

 TAMU. Quick Facts about Foreign and Endemic Animal Diseases, National Center for Foreign 
Animal and Zoonotic Disease Center 

 TAMU. Managing Contaminated Animal and Plant Materials Field Guide on Best Practices 

 The United States Animal Health Association. Foreign Animal Diseases, 7th Edition 

 Stability and Bactericidal Activity of Chlorine Solutions: Rutala, W.A, Thomann, Charlotte; 
Infection Control and Hospital Epidemiology, Vol. 9 No. 5; page 323 

https://dualusequickscan.nl/
https://www.osha.gov/etools
https://gcbs.sandia.gov/tools/biosecurity-biosafety-ram/
https://gcbs.sandia.gov/tools/biosecurity-biosafety-ram/
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 UM. Centrifuge Safety-Fact Sheet 

 USDA ARS Institutional Biosafety Committees (IBCs), and Recombinant and Synthetic Nucleic 
Acids Training (AgLearn) 

 USDA ARS/CDC Biosafety Training. Module 1 – Introduction to Biosafety 
https://aglearn.usda.gov/course/view.php?id=534 

 USDA ARS/CDC Biosafety Training Module 2 – Risk Assessment 
https://aglearn.usda.gov/enrol/index.php?id=18513 

 USDA (AgLearn). Bloodborne Pathogens Training 

 VATech. Information Systems for Biotechnology. Dann Adair & Ruth Irwin 

 VATech. A Practical Guide to Containment: Plant Biosafety in Research Greenhouses, Dan Adair 
and Ruth Irwin. 

 VetBioNet: Veterinary Biological Network resources 

 WHO. Global Laboratory Leadership Program – Laboratory Leadership Competency Framework 

 WHO. Laboratory Biosafety Manual, 4th Edition 

 WHO. Laboratory Biosecurity Guidance 

 WHO. Laboratory Quality Management System Training Toolkit 

 WHO. Laboratory Quality Management System Training Toolkit 

 WHO. Biosafety Publications and Educational Videos 

 World Organization for Animal Health (OIE). Biosafety and Biosecurity in the Veterinary 
Laboratories. Terrestrial Manual 

 World Organization for Animal Health (OIE). Competencies of Graduating Veterinarians 

 World Organization for Animal Health (OIE). Competencies Guidelines for Veterinary 
Paraprofessional 

 World Organization for Animal Health (OIE). Global Laboratory Leadership Program 

 World Organization for Animal Health (OIE). Guidelines for Responsible Conduct in Veterinary 
Research 

 World Organization for Animal Health (OIE). Handbook on Import Risk Analysis for Animal and 
Animal Products 

 World Organization for Animal Health (OIE). International Animal Health Code, Chapter 1.4.6. 
International Transfer and Laboratory Containment of Animal Pathogens 

 World Organization for Animal Health (OIE). Manual of Diagnostic Tests and Vaccines for 
Terrestrial Animals - International Transfer and Laboratory Containment of Animal Pathogens, 
2018 

 World Organization for Animal Health (OIE). Technical Disease Card 

 World Organization for Animal Health (OIE). Training portal 

  

https://aglearn.usda.gov/course/view.php?id=534
https://aglearn.usda.gov/enrol/index.php?id=18513
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Roles and Responsibilities  

A collaborative partnership among all levels of the working community is essential in achieving the goals 
of the APHIS BRM Program. Agency emphasis, commitment by management, and demonstrated visible 
involvement are imperative to provide the organizational resources and motivation needed to implement a 
sound BRM policy. All levels of APHIS employees (leadership, directors, managers, supervisors, and 
employees) are responsible for: preventing exposures to, and release into the environment of, hazardous 
biological materials and toxins, as well as preventing laboratory- or field-acquired infections; reporting all 
work-related incidents to management in a timely manner; and investigating the root cause of these incidents in 
a timely manner, with assistance from safety and health staff, in order to make necessary updates to prevent them 
from happening again. Near misses should also be reported to ensure risks are mitigated before an accident or illness 
were to occur. 

The USDA DR 4400-007 Biorisk Management Policy and the APHIS Directive MRP 4790.1 “Safety and 
Health Program” provide specific safety and health responsibilities, which include BRM responsibilities.   

The following are BRM roles and responsibilities. 

a. The APHIS Administrator or designee: 

(1) Oversees the management of the APHIS BRM Program. 

b. The Deputy Administrators and Associate Deputy Administrators: 

(1) Promote a safety culture that emphasizes biosafety, biosecurity, and 
responsible conduct in the life sciences. 

(2) Develop, publish, and actively adhere to agency policies, 
regulations, and compliance requirements for BRM. 

(3) Provide support and resources necessary for a robust BRM structure 
within their agency, including incorporating policies, requirements, and 
standards into agency and staff office capital planning and investment 
control processes. 

(4) Ensure that BRM expertise is made available at the agency level and at 
facilities and locations that possess or use biological agents or toxins. 
When dedicated BRM expertise is not accessible at a facility, location, 
or worksite, ensure that a collateral duty safety officer or safety 
coordinator is provided adequate resources (e.g., funding for training and 
education) to become proficient in BRM. 

• Ensure that collateral BRM duties are accounted for in such 
employee’s performance plans to account for the time and effort 
dedicated to BRM duties 

(5) Clearly define and delineate departmental and agency support in BRM 
policy implementation (e.g., site-specific risk assessment, job hazard 
assessment [JHA] and training, personnel suitability program support). 

c. Center Directors or their designee:  

(1)  Promote an organizational culture that emphasizes biosafety, biosecurity, 
and responsible conduct in the life sciences.  

(2) Provide direct assistance to agency administrators to ensure that the 
agency correctly implements and complies with the policies, procedures, 
and requirements of all BRM, safety, health, and environmental programs.  
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(3)  Develop, publish, and actively adhere to Agency and local comprehensive 
and integrated BRM policies, procedures, and programs. 

(4) Ensure that all managers and supervisors implement the requirements of 
BRM, and safety, health, and environmental programs, as applicable.  

(5) Ensure that BRM expertise is made available at the center, facility, 
location, or worksite that possess or use biological agents or toxins. 
When dedicated BRM expertise is not accessible at a facility, location, or 
worksite, ensure that a collateral duty safety officer or safety coordinator 
is provided adequate resources (e.g., funding for training and education) 
to become proficient in BRM, and seek assistance from the Agency 
Biosafety Officer when needed. 

(6) Create and enforce an ethical guidelines standard, and ensure training on 
the standards for personnel, to allow for clear cultural expectations. 

d. Principal Investigators, Lead Scientists, Laboratory Managers and Supervisors: 

(1) Promote a culture that emphasizes biosafety, biosecurity, and responsible 
conduct in the life sciences. Proactively adhere to the ethical guidelines 
in the local BRM. 

(2) Provide resources to implement a robust BRM program, including, but 
not limited to, training, education and monitoring of safety and security 
policies and programs. 

(3) Read and become thoroughly familiar with USDA BRM departmental 
directives; agency specific BRM program policies, procedures, and 
biosafety manuals; and applicable Federal, State, and local statutes and 
regulations. 

(4) Conduct comprehensive site-specific risk assessments that will inform 
the application of biosafety, biosecurity, physical security, incident 
response, personnel suitability, and/or information security policies and 
procedures as applicable (seek out department and agency expertise, if 
unavailable at the site). 

(5) Ensure that employees receive initial and recurring specialized job 
training (e.g., environmental, safety, incident response and security) and 
proficiency testing to verify competency, appropriate to the work they are 
required to perform. 

(6) Conduct refresher training on required schedules and whenever job 
assignments change, operational procedures or processes change, or 
employees are not following procedures appropriately. 

(7) Provide employees time to participate in USDA-sponsored BRM, safety, 
health, and environmental initiatives, including training, without 
restraint, interference, coercion, discrimination, or reprisal. 

(8) Assist agency leadership and safety and health staff in operating an 
effective BRM program as it relates to their areas of supervision. 

(9) Report, investigate, and document all job-related incidents in a timely 
manner and in accordance with agency-specific policies. These include: 
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a) Accidents, injuries, illnesses, and exposures (including 
suspected exposures) to infectious biological agents (including 
zoonotic agents) and biological toxins of concern, 

b) Security-related incidents involving biological agents of agricultural 
or public health concern, and 

c) Environmental releases involving biological agents of agricultural or 
public health concern. 

The investigation must include follow-up items and reviews of 
corrective actions to ensure full and complete implementation of 
those actions. 

(10) Brief employees on BRM policies and procedures applicable to  their 
specific worksite and enforce such policies. 

(11) Ensure that PPE is available and in good working order; free of  charge 
to employees; those employees are trained in PPE proper use, 
maintenance, and storage or disposal; and PPE is worn whenever 
necessary. Note: whenever feasible, a Job Hazard Assessment (JHA) 
may be used to identify hazards, provided there are up-to-date standard 
operating procedures (SOPs). 

(12)  Encourage and promote employee suggestions on how to      
 improve BRM, safety, and health in the workplace, and take 
 appropriate action on those suggestions. 

(13)  Develop a laboratory- or facility-specific BRM manual and SOPs 
 to implement agency policies. Note: A broad-based hazard 
 inventory should be performed, or use SOPs already developed  before 
a JHA can be carried out. Supervisors should have the option of 
establishing requirements above the base requirements defined in agency 
or location policies based on a scientifically valid, site- or procedure-
specific risk assessment (RA). 

e. The APHIS Biosafety Officer (BSO): 

(1) Promotes a culture that emphasizes the importance of biosafety, 
laboratory biosecurity, biocontainment, and responsible conduct in the 
life sciences. 

(2) Assists managers, supervisors, employees, and other safety and health 
staff in implementing applicable statutes and departmental directives and 
agency-specific policies, and helps develop and implement site-specific 
BRM plans and, risk assessments (RA)and conduct training and 
education. 

(3) Maintains competence to perform duties described above by attending 
conferences and training sessions (as funds are available) on BRM trends 
and issues. Some knowledge, skills, and abilities that are minimal 
requirements may include: performing or assisting with risk assessments 
and/or JHAs (where applicable); knowing relevant standards and 
guidelines; selecting and operating protective equipment; participating in 
facility design; and evaluating or suggesting disinfection, 
decontamination, and sterilization methods for specific applications. 
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(4) Conducts safety and health site assessments that include BRM-related 
metrics. Assessments should provide guidance on achieving best 
practices and monitoring compliance with regulatory requirements or 
agency and facility’s policies and procedures. 

(5) Reviews engineering drawings of new APHIS containment and/or 
quarantine facilities, or existing facilities undergoing renovations. 

(6) Periodically reviews and evaluates the effectiveness of the APHIS-BRM 
Program. 

(7) Maintains regular contact with facility’s Biosafety 
Officers/Biocontainment Managers and/or safety staff at APHIS 
facilities/locations throughout the country or abroad. Provides resources 
(suggested templates, training, and other resources) to facility personnel, 
as needed. 

(8) Reports biosafety-related incidents and laboratory- or field-acquired 
infections (LAIs) to ERCS and EMSSD leadership, the Designated 
Agency Safety and Health Official (DASHO), SHB management, and 
USDA leadership as stated in the USDA DR 4400-007 Biorisk 
Management Policy. 

f. The Biosafety Officer/Biocontainment Manager, or Safety and Health Manager at the 
APHIS program or local level: 

(1) Develops and administers BRM at the location level; coordinates, 
schedules, and conducts BRM evaluations and audits of research, 
diagnostic, quarantine, and/or other containment facilities, and/or areas 
where hazardous biological materials or toxins are used or stored.  

(2) Develops incident response plans relevant to BRM concerns as needed. 

(3) Ensures biosafety, biocontainment, incident response, and biosecurity 
training is provided to   employees annually or more frequently, as needed. 

(4) Ensures biosafety, biosecurity, and/or biocontainment training records are       
maintained, preferably electronically. 

(5) Assists Laboratory Directors, Principal Investigators, Biosafety 
Committees, and/or other Committees, as appropriate, with the review 
and approval of risk assessments, safety protocols, safe practices, and 
procedures including biohazardous materials. 

(6) Assists with the review of engineering drawings of new APHIS 
containment and/or quarantine facilities, or existing facilities undergoing 
renovations. 

(7) Stays abreast of technical issues related to biosafety and select agents. 

(8) Maintains regular contact with the APHIS-BRM Manager. 

(9) Immediately reports potential and actual exposures to hazardous 
biological agents or materials, LAIs, as well as theft, loss, or release of 
hazardous biological agents, to the APHIS Biosafety Officer residing in 
ERCS/EMSSD/SHP. 

g. APHIS Employees will: 
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(1) Promote and embody a culture that emphasizes biosafety, biosecurity, 
and responsible conduct in the life sciences. Proactively adhere to the 
ethical guidelines in the local BRM. 

(2) Comply with all applicable statutes, policies, and procedures, including 
safety, health, and BRM, that are specific to the agency, program, 
location, or facility. 

(3) Report all job-related incidents to supervisor, or second line of 
management when first line supervisor is not available, in a timely 
manner and in accordance with agency-specific policy. Incidents may 
include: 

a) Accidents, injuries, illnesses, and exposures (including suspect 
or potential exposures) to infectious biological materials and 
biological toxins;  

b) Security-related incidents; and 

c) Environmental releases. 

(4) Notify supervisors about the cause(s) of an incident and recommend 
corrective actions, which may include training and competency 
verification. 

(5) Promptly report to first- or second-line supervisor early signs and 
symptoms of any potentially job-related illnesses and seek medical 
assistance as soon as feasible from a community-based physician or an 
occupational health provider (if available). 

(6) Properly use and maintain all government-issued safety equipment, 
including PPE and clothing. 

(7) Participate in all required USDA and agency-specific initiatives and 
training. 

(8) Make suggestions for improving biosafety, safety, health, and 
environmental compliance as appropriate. 

h. APHIS Contractors with access to research, diagnostic, containment, and 
quarantine facilities will adhere to the APHIS-BRM Program and location-specific 
BRM requirements. 

 

Definitions 

Accident is an unplanned event that results in an injury, illness, or damage to property or the environment 
involving employees, volunteers, contractors, cooperators, emergency personnel, visitors, or the public.  

Adeno-associated virus (AAV) is a virus that infects humans and some other primate species. AAV is a 
very attractive candidate for creating viral vectors because it is not known to cause disease in humans, can 
infect both dividing and non-dividing cells, and may incorporate its genome into that of the host cell. 

Animal Biosafety Level (ABSL) encompass a combination of practices, safety equipment, and 
facilities for experiments with vertebrate animals involved in infectious disease research and other 
related studies that require containment.  
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The CDC, Biosafety in Microbiological and Biomedical Laboratories (BMBL), 6th Edition, describes 
4 combinations, designated ABSL-1 through 4, which provide increasing levels of protection to the 
worker and the environment. In addition to the 4 ABSLs, the USDA has developed parameters and 
work practices for working with specific high consequence livestock biological agents in livestock 
hosts to include an enhanced ABSL-3 facility (known as BSL- 3Ag) which incorporates many of the 
enhancements found within an ABSL-4 facility, with the exception of the chemical decontamination 
shower and the infrastructure associated with a fully encapsulated suit. 
Antimicrobial is an agent that kills or suppresses the growth of microorganisms. 

Antisepsis is the application of a liquid antimicrobial chemical to human or animal living tissue to prevent 
sepsis. 

Antiseptic is a substance that prevents or arrests the growth or action of microorganisms, either by 
inhibiting their activity or destroying them. 

Autoclave is a piece of equipment with a chamber that is used to sterilize items by applying wet heat (i.e., 
high-pressure steam) at temperatures above the normal boiling point of water and pressures above normal 
atmospheric pressure. 

Biocontainment is a term used in describing safe methods, procedures, facility features, and containment 
or safety equipment for managing infectious materials in the laboratory environment where these 
materials are being handled or maintained. The purpose of containment is to reduce or eliminate 
exposure of laboratory workers, other persons, and the outside environment to biohazardous agents or 
toxins, including biohazardous waste. 

Biohazard Materials containing infectious agents (including pathogenic microbes) or hazardous materials 
that present a risk or potential risk to the health of humans, animals, or the environment. The risk can be 
direct through infection or indirect through damage to the environment. Biohazardous materials include 
certain types or recombinant DNA, organisms, and viruses infectious to humans, animals, or plants (e.g., 
parasites, viruses, bacteria, fungi, prions, and rickettsia), and biologically active agents (e.g., toxins, 
allergens, and venoms) that can cause disease in living organisms or cause significant impact to the 
environment or community. Although, many viral vectors (e.g., replication defective adenoviruses) are 
prepared in such a way to be reasonably safe to work with, they should still be listed as biohazardous. 
Potentially biohazardous agents that may produce latent (silent or subclinical) infections must be 
considered biohazardous. Materials that may harbor infectious agents (e.g., human blood, body fluids, 
tissues, cells, and various environmental diagnostic samples) must also be considered biohazardous. 

Biohazard incident is an incident that may include human exposure to an infectious, potentially 
infectious, or zoonotic agent; a release of a biohazard into the environment; the escape of infected animals 
or vectors; a biohazard spill outside of a primary containment device; the loss or theft of biohazardous 
agents or other loss of containment or an equipment failure in conjunction with a biohazard which may 
lead to a release of a hazardous agent      within the laboratory environment or outside the laboratory 
environment. 

Biohazard label is a sign that is predominately fluorescent orange or orange-red and contains a biohazard 
symbol and the word “Biohazard” in a contrasting color. 

Biohazardous waste is waste that requires inactivation (i.e., decontamination) in an approved manner 
prior to disposal. 

Biological agent is any microorganism (including, but not limited to, bacteria, viruses, fungi, rickettsia, 
or protozoa), or infectious substance, or any naturally occurring, bioengineered, or synthesized 
component of any such microorganism or infectious substance, including those capable of causing (1) 
death, disease, or other biological malfunction or histopathologically-observable pathology in a human, 
an animal, a plant, or other living organism, (2) deterioration of food, water, equipment, supplies, or 
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material of  any kind, and/or (3) deleterious alteration of the environment. 

Biological indicator (BI) is a standardized preparation of nonpathogenic (surrogate) microorganisms (in 
many cases bacterial endospores) that are highly resistant to specific sterilization methods. BIs are used 
during the sterilization process to provide additional evidence that the sterilization method was effective 
in achieving sterilization. BIs can be dried preparations on filter paper (spore strips), stainless steel 
coupons, or aluminum foil, or can be a combined unit consisting of a paper carrier of the BI and a vial of 
growth medium containing a pH indicator system. 

Biological materials are a broad range of organisms, cells, viruses, and other materials of biological origin 
that pose differing levels of risks to plants, animals, or humans. 

Biological products are materials derived from living organisms and manufactured for use in the 
prevention, diagnosis, treatment, or cure of disease in humans or animals and are certified by the USDA, 
Food and Drug Administration (FDA), or other national authority. Examples of biological products 
include certain viruses, therapeutic serums, toxins, antitoxins, vaccines, blood, and blood products. These 
may be regulated by U.S. Department of Transportation (DOT) and International Air Transport 
Association (IATA) for shipping and transport purposes. 

Biological Select Agents and Toxins (BSATs) Biological agents and toxins that have the potential to 
pose a severe threat to public health and safety, animal health and safety, plant health and safety, or to the 
safety of animal or plant products, regulated under 9 CFR § 121, 7 CFR §331, and 42 CFR § 73.  

Biorisk is the effect of uncertainty expressed by the combination of the consequences of an event 
(including changes in circumstances) and the associated “likelihood” of occurrence, where biological 
material is the source of harm. 

Biorisk management or BRM is the effective management or mitigation of risks posed by working with 
biohazardous agents; it includes a range of practices and procedures to ensure biosafety, biocontainment, 
and biosecurity of those biohazardous agents. BRM includes the full spectrum of safety and security 
measures for laboratories, including hazard identification and assessment, risk communication and 
management, BRM training, development, and improvement of SOPs, and use of PPE, engineering 
controls, and facility design.  

Biorisk Management staff is a staff member with an education and professional background in the life 
sciences and who may hold various titles such as biosafety officer/specialist/manager, biocontainment 
officer/specialist/manager, or biosecurity officer/specialist/manager. To be effective, BRM staff must 
develop knowledge, skills, and abilities in the principles of epidemiology, disease transmission routes and 
patterns, biological risk assessment, JHA and risk management strategies, disinfection and sterilization 
methodology and kinetics, sampling methods and environmental controls (engineering controls; facility 
design; Heating, Ventilation, and Air Conditioning [HVAC] systems; and laboratory biosecurity), as well 
as  an adept communicator, skilled with project management, skilled at collaborative process 
development, and understands human behavioral psychology to at least some degree. In some instances, a 
dedicated BRM staff person may not be available and a staff member with a background in occupational 
safety and health or general science disciplines may fill this role as an adjunct or collateral duty provided 
the staff member has received appropriate training and education.  

Biosafety (biological safety) is the use of specific practices, safety equipment, and specially designed 
facilities to ensure that workers, the community, and the environment are protected from inadvertent 
incidents with infectious agents, toxins, and biological hazards. A biosafety program will identify 
biological hazards, assess the level of health-related risks of the biological hazards present, and identify 
ways to reduce the health-related risks associated with the biological hazards.  

Biosafety cabinet (BSC) is a primary containment device (not to be confused with a chemical fume hood 
or clean air bench) used for working safely with infectious microorganisms and prions equipped with 
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high-efficiency particulate air (HEPA) filter(s) that provides personnel, environmental, and/or product 
protection when appropriate practices and procedures are followed. 

Biosafety levels (BSLs) are a combination of work practices and physical containment requirements 
(facility and safety equipment) designed to reduce the risk of a microorganism’s ability to cause injury 
through disease to workers, animals (wild and domestic), the environment, agriculture, and the public. 
Microbiological, biomedical, and diagnostic laboratory facilities where microorganisms and laboratory 
animals are housed or handled are designed to meet criteria of biosafety levels 1-4, per risk assessment. 
The levels are designated in ascending order, by degree of protection provided to personnel, the 
environment, and the community. Special microbiological practices enhance worker safety, 
environmental protection, and address the risk of handling agents requiring increasing levels of 
containment. 

Biosafety manual is a comprehensive policy and tool that covers fundamental principles of biosafety, 
biocontainment, and biosecurity; integrates requirements from the biosafety standards; and provides 
direction        on identifying biological risks and required controls for those working in the laboratory, animal 
facility, or greenhouse. Biosafety manuals should be laboratory- or facility-specific and are intended to be 
used as a training and education tool to ensure staff’s competency development and verification. 

Biosafety officer (BSO) or Agency Biosafety Officer is the person in ERCS-EMSSDSHB who oversees 
the development and maintenance of the primary structure and function of the BRM program in 
accordance with the national and international guidance documents. A location or facility performing 
research in life sciences and/or diagnostics may also have a biosafety officer at the   local level. 

Biosecurity has multiple definitions. For this document, the term will refer to the protection of biological 
agents or toxins from loss, theft, diversion, or intentional misuse. This is consistent with current USDA 
Directives, CDC/NIH BMBL, World Health Organization (WHO) Laboratory Biosafety Manual, and 
American Biological Safety Association (ABSA) International usage of this term.  

Biotechnology Regulatory Services (BRS) is a program of APHIS that regulates the  introduction 
(importation, interstate movement, or environmental release) of certain organisms developed using genetic 
engineering that may pose a plant pest risk, including organisms that are plants, insects, or microbes. 

Blood as used in the Occupational Safety and Health Administration (OSHA) Bloodborne Pathogens 
Standard means human blood, human blood components, and           products made from human blood. Note: it is 
important to note, in some cases, animal blood may carry infectious agents to humans and that personnel 
handling animals need to safely handle and use Sharps and protect themselves against needlestick injuries 
and protect broken skin. 

Bloodborne pathogen (BBP) material is a term used to describe biological agents or materials that are 
covered by the OSHA Bloodborne Pathogens Standard including, for example, bloodborne pathogens, 
human blood, human blood components, products made from human blood, and other potentially infectious 
materials (OPIM). 

Bloodborne pathogens (BBPs) are infectious agents such as the human immunodeficiency virus (HIV) 
and the hepatitis B virus (HBV) that can cause human disease and are transmitted through human blood. 

Bureau of Industry and Security (BIS) is an agency of the U.S. Department of Commerce that deals 
with issues involving national security and high technology. The BIS is responsible for implementing and 
enforcing the Export Administration Regulations (EAR) and has a principal goal of stopping proliferation 
of weapons of mass                       destruction, while furthering the growth of U.S. exports. 

Category A Infectious Substances - see Infectious Substances, Category A. 

Category B Infectious Substances - see Infectious Substances, Category B. 

Center for Veterinary Biologics (CVB) is a group within APHIS Veterinary Services (VS) that regulates 
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veterinary biologics including vaccines, antibodies, diagnostic kits, and certain immunomodulators, 
including those developed using genetically engineered               organisms. 

Centers for Disease Control and Prevention (CDC) is one of the 13 major operating components of the 
U.S. Department of Health and Human Services. 

Chain of Custody. The protection of evidence by each responsible party to ensure it against loss, 
breakage, alteration, or unauthorized handling. This protection also includes properly securing, 
identifying, and dating evidence. Individuals place their initials and date on the container when the 
evidence is stored in a container or on the evidence in such a way that no damage is incurred. 

Chemical Safety Hygiene Plan (CHSP) is a comprehensive policy and tool that provides requirements 
and guidance to employees on the safe handling, use, and storage of hazardous materials such as chemicals 
and engineered nanomaterials in laboratory, shop, and office settings. 

Commerce Control List (CCL) lists specific goods, technologies, and software and the countries to 
which those items may or may not be exported, along with any special restrictions or exceptions that may 
apply. 

Common carrier is a DOT- licensed commercial carrier contracted to transport biohazardous waste. 

Containment is a set of controls needed to protect workers and the environment from biohazardous 
materials or agents. These include safe methods, protective equipment, and facilities related to engineered 
designs. 

Contaminated means the potential presence of biohazardous material on an item or surface. The OSHA 
Bloodborne Pathogens Standard defines contaminated as the presence or the reasonably anticipated 
presence of blood or other potentially infectious materials on an item or surface. 

Corrective Action Plan (CAP) is an official plan in which a laboratory or facility identifies individuals 
responsible for correcting safety or BRM gaps or deficiencies in a timely manner.  

Culture of Biosafety, Biosecurity, and Responsible conduct is an assembly of beliefs, attitudes, and 
patterns of behavior of individuals and organizations that can support, complement, or enhance operating 
procedures, rules, and practices, as well as professional standards of ethics, designed to prevent the loss, 
theft, misuse, and diversion of biological agents, related materials, technology or equipment, and the 
unintentional or intentional exposure to (or release of) biological agents or toxins. 

Customs and Border Protection (CBP) or United States Customs and Border Protection is a federal law 
enforcement agency of the U.S. Department of Homeland Security charged with regulating and 
facilitating international trade, collecting import duties, and enforcing U.S. regulations including trade 
(e.g., import and export), drug, and       immigration. 

Dangerous Goods Regulations (DGR) is a manual published by IATA to provide procedures for 
shippers and operators by which articles and substances with hazardous properties can be safely and 
efficiently transported by air on all commercial air transport. The manual provides lists and classifications 
of articles and substances (e.g., infectious substances) and requirements for training, packing, labeling, 
documenting, handling, and reporting. 

Decontamination is the process of reducing or inactivating biological contaminants or components to an 
acceptable level to reduce or eliminate the possibility of transmission of pathogens to undesired hosts such 
as laboratory workers, the general public, and other organisms in the environment. Disinfection or 
sterilization of articles contaminated with toxins or agents is necessary to render the articles safe for use or 
disposal. 

Deoxyribonucleic acid (DNA) is a nucleic acid that carries the genetic information in cells and some 
viruses, consisting of two long chains of nucleotides twisted into a double helix and joined by hydrogen 
bonds between the complementary bases adenine and thymine or cytosine and guanine. DNA sequences 
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are replicated by the cell prior to cell division and may include genes, intergenic spacers, and regions that 
bind to regulatory proteins. 

Department of Transportation (DOT) is a department of the U.S. Government that is concerned with 
interstate transportation to keep the traveling public safe and secure, increase their mobility, and have a 
transportation system that contributes to the Nation's economic growth. DOT regulates the shipping and 
transport of infectious materials on or across public roadways. Staff involved in the shipping and 
transport of infectious materials must be trained regularly. 

Detergent is a synthetic surfactant. 

Diagnostic is the art or act of identifying a disease from its signs and symptoms. 

Disease is any deviation from, or interruption of, the normal structure or function of any body part, organ, 
or system that is manifested by a characteristic set of symptoms and signs and whose etiology, pathology, 
and prognosis may be known or unknown. 

Disinfectant is a chemical agent that eliminates a defined scope of pathogenic organisms, but not 
necessarily all microbial forms (e.g., bacterial endospores). 

Disinfection is the selective elimination of certain undesirable microorganisms to prevent their 
transmission to a susceptible host. Disinfection may not remove all forms of microbial life, but it renders 
the material safe to handle.  

Dual Use Research of Concern (DURC) is life sciences research that, based on current understanding, 
can be reasonably anticipated to provide knowledge, information, products, or technologies that could be 
directly misused to pose a significant threat with broad consequences to public health and safety, 
agricultural crops and other plants, animals, the environment, or national security. 

Dust mask is a common, but inaccurate name for a filtering facepiece respirator. 

Emergency eyewash is a plumbing unit designed to properly flush chemical, biological, or other 
hazardous agents off the face, and out of mucous membranes such as the eyes, to prevent injury to the eye 
and exposed body surfaces or penetration of an agent into the body. 

Emergency eyewash and shower is a combined plumbing unit(s) designed to properly remove chemical, 
biological, or other hazardous agents from the skin or the face, and out of mucous membranes such as the 
eyes by deluging them with potable water to prevent injury to the exposed body surfaces or penetration of 
an agent into the body. 

Environmental Protection Agency (EPA) is an agency of the U.S. Government charged to protect 
human health and the environment; EPA has primary responsibility for setting and enforcing national 
standards under a variety of environmental laws. The EPA also conducts environmental assessments, 
research, and education and works with industry and Government in voluntary pollution prevention and 
energy conservation efforts. 

Etiologic agent is any viable microorganism or its toxin that has the capacity to cause disease in humans, 
animals, or plants. 

Export Administration Regulations (EAR) are  issued by the U.S. Department of Commerce Bureau 
Industry Standard (BIS) under laws relating to the control of certain exports, re-exports, and activities 
related to microorganisms and toxins, and their related technology, as listed in the Commerce Control List 
(CCL). 

Exposure is the direct personal contact with an infectious or suspected to be infectious (e.g., diagnostic 
sample) material or pathogen, live vaccine or prophylaxis; terrestrial or aquatic animals harboring 
infectious diseases (including vectors, such as insects, ticks, and other arthropods); terrestrial or aquatic 
plants producing toxins or fungi; or environmental samples suspected of containing infectious materials, 

https://bis.doc.gov/index.php/licensing/commerce-control-list-classification/commerce-control-list-ccl/17-regulations/139-commerce-control-list-ccl
https://bis.doc.gov/index.php/licensing/commerce-control-list-classification/commerce-control-list-ccl/17-regulations/139-commerce-control-list-ccl
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which may occur in a laboratory, animal facility-setting, greenhouse, or field activity, including during 
disease outbreak response activities. For a biohazard exposure to occur, two conditions must be met: 1) a 
biohazard must be present (i.e., released from an environmental source or containment by aerosolization, 
splash, spill, or mishandling of a contaminated object, source, or vector), and 2) the employee must come 
into direct contact with the biohazard and the mechanism of exposure, or route of exposure, is compatible 
with transmission of an agent of concern. 

Exposure Control Plan (ECP) is a document that defines work, hazards, and controls in accordance with 
the requirements of the OSHA Bloodborne Pathogens Standard for work with or potential exposure to BBP 
materials. 

Eye protection is a safety device such as safety glasses or goggles worn over the eyes to prevent injury to 
the eye or exposure to biological agents. 

Face mask is a loose-fitting, disposable device that covers the worker’s nose and mouth and is not a 
respirator (e.g., products labeled as surgical, medical, dental, or isolation masks). 

Face protection is a safety device such as a face mask, face shield, or other splatter guard worn over all or 
part of the face to protect the face from injury or exposure to biological agents. 

Facility is the brick and mortar building, greenhouse, glasshouse, or screen house within the location that 
houses regulated high and maximum containment assets. Again, subject to design and the security risk 
assessment, could be contained in either the Property Protection Area (e.g., have semi-public sections), or 
define the Limited Area, or both. Facilities are “containment facilities” when the whole building is 
dedicated to high and maximum containment laboratory or animal space, or support structures; however, 
this term is not necessarily appropriate for buildings that house spaces with other non-containment 
functions. 

Federal Select Agent Program (FSAP) is a program with shared responsibility by the Animal and Plant 
Health Inspection Service (APHIS) and the Centers for Disease Control and Prevention (CDC). 

Field research setting is a site where research is conducted on livestock (including aquaculture), free-
ranging fish and wildlife populations, habitats and landscapes, watersheds, ecosystems, and other natural 
resources, and where the fieldwork includes the study and collection of information to include biological 
sample collection outside a laboratory, library, or interior workplace setting. 

Field biosafety (outside of laboratory containment) is a subset of field safety procedures and protective 
equipment designed to reduce the risk of occupationally acquired infection, cross-contamination of 
biological samples, and cross-contamination (through mechanical transfer) to other environmental or field 
locations when work is conducted outside the controlled laboratory environment and therefore may 
introduce new infections to naïve animal populations. 

Filtering facepiece respirator is a negative-pressure, air-purifying respirator with a particulate filter as 
an integral part of the facepiece or with the entire facepiece composed of the filtering medium. 

Fixed means the biological material has been treated so that it has been stabilized and preserved in place. 
For example, fixing cells with some fixatives (e.g., paraformaldehyde or glutaraldehyde) kills the cells and 
most potential pathogens. 

Fomites are inanimate objects that may transmit infectious microorganisms, such as pens, eating utensils, 
equipment, combs, etc. 

Food and Drug Administration (FDA) is an agency of the U.S. Department of Health and Human 
Services (HHS) responsible for protecting and promoting public health through the regulation of food              
safety, tobacco products, dietary supplements, medications, vaccines, biopharmaceuticals, blood 
transfusions, medical devices, electromagnetic radiation emitting devices, veterinary products, cosmetics, 
and other concerns. 
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Foot protection is an enclosed shoe or safety shoe worn on the foot to protect the foot from injury 
or exposure to biological agents. 
Foreign Animal Disease. A contagious, infectious, or communicable animal disease exotic to 
the United States. 
Gene is the basic physical unit of inheritance. Genes are passed from parents to offspring and 
contain the information needed to specify traits. Genes are arranged on structures called 
chromosomes. A chromosome contains a single, long DNA molecule, only a portion of which 
corresponds to a single gene.  

Gene drive refers to technologies whereby a particular heritable element biases inheritance in its favor, 
resulting in the gene becoming more prevalent in the population over successive generations. Thus, the 
gene is being “driven” to progressively increase its frequency in the population. Biasing inheritance may 
involve, for example, more than the familiar Mendelian 50:50 inheritance chance or reducing the fitness 
of alternative genotypes without directly distorting Mendelian inheritance. 

Gene editing enable scientists to make targeted changes to DNA using tools or technologies such 
CRISPR-Cas9, ZFN and, TALEN and other, leading to changes in physical traits. 

Genetic material is material found in the nucleus, mitochondria, and cytoplasm of a cell or organism. It 
plays a fundamental role in determining the structure and nature of cell substances and is capable of 
replication, variation, and inheritance. The genetic material of a cell can be a gene, a part of a gene, a group 
of genes, a DNA molecule, a fragment of DNA, a group of DNA molecules, or the entire genome of an 
organism. 

Genetically Modified Organisms (GMO) or microorganisms (GMMO) are organisms and 
microorganisms in which genetic material has been purposely altered through genetic engineering in a 
way that does not occur naturally. 

Germicide is an agent that destroys microorganisms, especially pathogenic organisms. As commonly 
used, the term is associated with the inactivation of all disease-producing microorganisms, but it does not 
necessarily include the capability of destroying bacterial spores. 

Good Microbiological Practices (GMP) refers to aseptic techniques and other good microbiological 
practices that are necessary to prevent contamination of the laboratory with the agents being handled and 
contamination of the work with agents from the environment. 

Greenhouse is a structure with walls, a roof, and a floor designed and used principally for growing plants 
in a controlled and protected environment. 

Greenhouse facility includes the actual greenhouse rooms or compartments for growing plants and all 
immediately contiguous hallways and head-house (i.e., work) areas, and is considered part of the 
confinement area. 

Guidelines are a set of non-mandatory but desirable criteria, conditions, or best management practices 
that should typically be considered when determining controls needed to mitigate risk. 

Hand protection is a glove or other safety device used on the hand to prevent injury to the hand or direct 
skin contact with biological materials. 

Handwashing facility is a facility that is required when work with pathogenic materials is conducted. It 
has an adequate supply of running potable water, soap, and single-use towels or hot-air-drying machines. 

Handwashing sink is a basin with running water and a drain that is designed for the washing of hands and 
that should be provided with a soap dispenser and paper towel dispenser as a best management practice. 

Hazardous Material Regulations (HMR) are DOT regulations that govern the movement of hazardous 
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materials (e.g., infectious substances) in vehicles, airplanes, railcars, or vessels via public right-of-way, 
such as roadways, airways, railways, and sea lanes that are accessible to the public. 

Health and Human Services (HHS) is a Department of the U.S. Government that contains the U.S. 
Public Health Service and has the goal of protecting the health of all Americans and providing essential 
human services. 

Hepatitis B virus (HBV) is a pathogen that causes contagious liver disease (i.e., hepatitis B) in humans. 
HBV is a common BBP. 

Hepatitis C virus (HCV) is a pathogen that causes contagious liver disease (i.e., hepatitis C) in humans. 
HCV is a common BBP. 

High Containment Area. The actual room or rooms (e.g., actual laboratory, inventories, growth 
chamber) within the facility, or connected to it, that houses a regulated mission critical asset that requires 
maximum control and protection. Referred to as the Exclusion Area. 

High Containment Biological Agents and Toxins are those biological agents and toxins, inclusive of 
“biological agents” and “Foreign Animal Diseases” that require BSL-3 or higher biological containment 
for possession, use, and/or transfer.  

High Containment Pathogens are those biological agents, inclusive of “biological agents” and “Foreign 
Animal Diseases,” that require BSL-3 or higher biological containment for possession, use, and/or 
transfer.  Pathogens are bacteria, viruses or microorganisms that specifically can cause disease.  For this 
manual, all pathogens that require work to be conducted in a High or Maximum Containment facility will 
be considered as High Consequence Biological Agents. 

High Containment Biological Agent (HCBA). Those biological agents, inclusive of “biological agents” 
and “Foreign Animal Diseases” that require BSL-3 or higher biological containment for possession, use, 
or transfer.  

High Containment Pathogen. Those biological agents, inclusive of “biological agents” and “Foreign 
Animal Diseases” that require BSL-3 or higher biological containment for possession, use, or transfer. 
Pathogens are bacteria, viruses or microorganisms that specifically can cause disease. For purpose of this 
DM, all pathogens that require work to be conducted in a High or Maximum Containment facility will be 
considered as HCBA. 

High-efficiency particulate air (HEPA) filter is a device composed of fibrous materials capable of 
trapping and retaining at least 99.97 percent of airborne monodispersed particles 0.3 micrometers (μm) in 
diameter, which is the most penetrating particle size. 

Hood is an enclosure or shaped inlet designed to conduct contaminated air into an exhaust duct system or a 
filter that safely captures the contaminant. 

Household bleach is a commercially available water-based solution of sodium hypochlorite with a 
typical concentration of 5.25 percent by weight of the active sodium hypochlorite ingredient. Bleach has a 
shelf-life of about 12 months and must be maintained under specific environmental conditions, per 
manufacturer’s Safety Data Sheet (SDS). Commercial grade bleach has a much higher concentration, and 
in most cases, is preferable. Follow SDS instructions for proper storage, handling, and disposal. 

Human immunodeficiency virus (HIV) is a lentivirus (a member of the retrovirus family) that causes 
acquired immunodeficiency syndrome (AIDS), a condition in humans               in which the immune system begins 
to fail, leading to life-threatening opportunistic infections. HIV is a common BBP. 

Human pathogen or infectious agent is an infectious microbe (e.g., bacteria, protozoa, fungi, virus, etc.) or 
other agent (e.g., prion) that causes disease in healthy humans. 

Inactive means the biological material is not capable of one or more of the following activities: adhering 
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to a host cell or surface, invading a host cell and/or reproducing. 

Inactivation is a procedure to render a select agent or regulated nucleic acids as non-viable or a select 
toxin non-toxic while retaining characteristic(s) of interest for future use. 

Incident is an occurrence (event), natural or man-made, that happens within the work environment 
involving biological-associated hazards, including toxins. Incidents can include, but are not limited to, 
unsafe occurrences and hazardous situations. This could include preventable and non-preventable 
occurrences; occurrences involving personnel or situational events not involving individuals/personnel; 
and may or may not be accidental. 

Infection is the establishment of a pathogenic microorganism within a susceptible host with evidence of 
replication of the agent in the host. 

Infectious agent is an infectious microbial agent (e.g., bacteria, protozoa, fungi, virus, etc.) or other agent 
(e.g., prion) that causes disease in healthy humans. Likewise, animals or plants may be susceptible to 
infectious microbial agents as well. 

Infectious substances are materials that are known to be, or are reasonably suspected to contain, an 
animal or human pathogen. A  pathogen is a virus, microorganism (including bacteria, plasmids, or other 
genetic elements), proteinaceous infectious particle (prion), or recombinant microorganism (hybrid or 
mutant) that is known or reasonably expected to cause disease in humans or animals. 

Infectious substances, Category A, are materials regulated for shipping by DOT and IATA that can 
cause permanent disability, or life threatening or fatal disease in humans or animals when exposure to 
them occurs. 

Infectious substances, Category B are materials regulated for shipping by DOT and IATA that are 
infectious, but do not meet the standard for inclusion in Category A. 

Institutional Biosafety Committee (IBC) is a local body responsible for the review, approval, and 
oversight of research with recombinant or synthetic nucleic acid molecules, under the NIH Guidelines for 
Research Involving Recombinant or Synthetic Nucleic Acid Molecules. Responsibilities may include, but 
are not limited to, conducting an independent assessment of the Principal Investigator’s initial risk 
assessment to determine containment levels required for the proposed research; ensuring laboratory 
facilities and support spaces, procedures, and practices are adequate; and training has been made available 
to employees. Many institutions also may use the Committee to provide oversight, administration, and 
review of policies and projects involving research with biological materials that may pose safety, health, 
or environmental risks, regardless of whether using rDNA or synthetic biology, as a best BRM practice. 

Institutional Review Board (IRB) is an HHS-mandated committee that requires the use of established 
principles and requirements during the ethical review of proposed research projects involving human 
subjects, human-derived data, or human-derived tissues. 

Institutional Review Entity (IRE) is an institutional committee that reviews proposed research 
protocols to identify potential dual use research of concern (DURC). 

Integrated Pest Management (IPM) is a term used in the BMBL and is a biosafety policy to describe a 
comprehensive program approach that integrates housekeeping, maintenance, and pest control services to 
prevent pest problems by managing the facility environment to make it less conducive to pest infestation. 

International Air Transport Association (IATA) is an international industry trade group of airlines that 
represents, leads, and serves the airline industry and publishes the DGR used for airlines’ shipping of 
articles and substances with hazardous properties, including infectious substances. 

Iodophor is a preparation containing iodine with a solubilizing agent, such as a surfactant or povidone (a 
type of water-soluble polyvinyl polymer). 
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Ionizing radiation is radiation of sufficiently high energy to cause ionization in the medium through which 
it passes. 

Job Hazards Assessment (JHA) is a technique that focuses on job tasks to identify hazards before they 
occur. It focuses on the relationship between the worker, the task, the tools, and the work environment. 
The goal is to identify hazards and eliminate or reduce (risk mitigation) them to an acceptable level. Per 
OSHA, a JHA should be used in tandem with an up-to-date Standard Operating Procedure (SOP) and 
developed in collaboration between an employee and their supervisor. The APHIS JHA Form (i.e., 
APHIS FORM 270) can be found at APHIS Forms. On the other hand, a formal Risk Assessment (RA) 
uses a broad-based hazard inventory that covers laboratory biosecurity, personnel suitability, personal 
quarantine, economic loss, chemical or radiological hazards, etc. 

Laboratory is a facility that provides controlled conditions in which scientific or technological research, 
experiments, and measurement may be performed. 

Laboratory- or Field-Acquired Infections (LAIs) are all infections acquired through laboratory or 
laboratory- or fieldwork-related activities, regardless of whether they are symptomatic or asymptomatic in 
nature.  

Laboratory Biosafety Level (BSL) refers to laboratory-specific Biosafety Levels concerning BSLs as 
defined above. 

Laboratory biosecurity. See Biosecurity definition. 

Large Scale (BL–Large Scale) is a term used in the NIH Guidelines (defined below) and biosafety policy             
to describe uses of, and containment levels for, organisms containing recombinant DNA molecules 
involving a quantity of culture greater than 10 liters. 

Medical waste is waste generated or produced as a result of the following: diagnosis, treatment, or 
immunization of human beings or animals; research pertaining to the diagnosis, treatment, or 
immunization of human beings or animals; or the production or testing of biologicals. 

Medical/biohazardous waste as defined in 49 CFR § 173.134 means a waste or reusable material derived 
from the medical treatment of an animal or human, which includes diagnosis and immunization, or from 
biomedical research, which includes the production and testing of biological products. Regulated medical 
waste or clinical waste or (bio) medical waste containing a Category A infectious substance must be 
classed as an infectious substance, and assigned to UN 2814 or UN 2900, as appropriate. 

Category A, UN 2814- infectious substances affecting humans and animals capable of 
causing permanent disability or life-threatening or fatal disease in otherwise healthy humans 
or animals when exposure to it occurs. 

Category B, UN 2900- infectious substances affecting animals only and is not in a form 
generally capable of causing permanent disability or life- threatening or fatal disease in 
otherwise healthy humans and animals when exposure to it occurs. 

 Category B, UN 3373- biological substance transported for diagnostic or investigative 
 purposes. 

Regulated Medical Waste, UN 3291- waste or reusable material derived from  medical 
treatment of an animal or human, or from biomedical research, which  includes the 
production and testing of biological products. 

Mucous membranes refer to eyes, nose, and mouth as portals of entry for hazardous biological materials. 

N95 respirator is a filtering facepiece respirator that has a 95 percent efficient filter built into the 
facepiece and is certified by NIOSH. 

National Import Export Services (NIES) is a group within APHIS VS that regulates the import, export, 

https://www.aphis.usda.gov/aphis/resources/forms/ct_aphis_forms
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and interstate movement of all animals and animal products (e.g., tissues,              blood, and semen), including 
those that are genetically engineered. 

National Institutes of Health (NIH) is one of eight health agencies that are components of the Public 
Health Service (PHS). 

Negative-pressure, air-purifying, cartridge respirator is a respirator that uses a filter, sorbent, or 
catalyst housed inside a cartridge to remove contaminants from the air (e.g., respirators using an N95 or 
P100 cartridge particulate filter that is 95 or 100 percent efficient, respectively). 

Negative-pressure, air-purifying respirator is a tight-fitting respirator in which the air pressure 
inside the facepiece is negative during inhalation with respect to the ambient air pressure outside the 
respirator and an air-purifying filter or cartridge that removes specific air contaminants (e.g., filtering 
facepiece and some cartridge respirators). 

NIH Guidelines is an abbreviated title used by NIH for the document titled NIH Guidelines for Research 
Involving Recombinant or Synthetic Nucleic Acid Molecules. 

NIOSH is the National Institute for Occupational Safety and Health. 

Nonviable means the biological material or agent is not capable of living or developing       under 
favorable conditions. Examples include sections of plant or animal tissue that are often not capable of 
propagating and extracts of biological samples such as DNA or RNA that cannot replicate without 
cells. These materials may not pose a risk as long as there is no potential for the presence of pathogens. 

Nucleic acid (NA) are polymeric macromolecules, which include DNA and RNA that are made from 
monomers known as nucleotides. The term “nucleic acid” is the overall name for DNA and RNA and is 
synonymous with “polynucleotide.” The basic component of biological NA is the nucleotide, each of 
which contains a pentose sugar backbone (ribose or deoxyribose), a phosphate group, and a nucleobase. 
NA are fundamental to biological processes and can be manipulated and generated within the laboratory 
by many methods. 

Occupationally acquired infection is an infection that is directly related to the exposure of an individual 
to an infectious agent as a direct result of performing one’s job duties. There are two types: 1) 
Laboratory-acquired infection (LAI), which is an infection acquired through laboratory or laboratory-
related activities regardless of whether it results in symptomatic or asymptomatic conditions, and 2) 
Field-acquired infection, which is an infection acquired through field research, diagnostic, or response 
activities regardless of whether it results in symptomatic or asymptomatic conditions.  

Occupational Safety and Health Administration (OSHA) is an agency of the U.S. Government that 
ensures the safety and health of U.S. workers (e.g., by setting and enforcing standards). 

Office of Laboratory Animal Welfare (OLAW) is an office of NIH that oversees compliance with the 
PHS Policy on Humane Care and Use of Laboratory Animals. 

Organism is any living system (such as animal, plant, fungus, or microorganism). In at least some 
form, all organisms are capable of response to stimuli, reproduction, growth, and development, and 
maintenance of homeostasis as a stable whole. An organism may either be unicellular (single-celled) 
or composed of, as in humans, many billions of cells grouped into specialized tissues and organs. The 
term multicellular (many-celled) describes any organism made up of more than one cell. 

Other Potentially Infectious Materials (OPIM) are materials other than blood and bloodborne 
pathogens that are regulated by the OSHA Bloodborne Pathogens Standard         based on their potential 
to contain BBPs. 

Parenteral is an adjective that refers to a route of administration that involves piercing      the mucous 
membranes or skin barrier through events such as punctures, lacerations, abrasions, and bites. 
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Pathogen is a bacterium, virus, or other microorganism that can cause disease.  

Patient specimens or diagnostic specimens are any human or animal materials including but not 
limited to excreta, secreta, blood, blood components, tissue, and tissue fluids. Regulations by the DOT 
and IATA apply when being shipped for the purpose of diagnosis. 

Personal Protective Equipment (PPE) is equipment worn to minimize exposure to hazards that may 
cause serious workplace injuries and illnesses. Such injuries and illnesses may result from contact with 
biological agents and toxins, chemical, radiological, physical, electrical, mechanical, or other workplace 
hazards. PPE may include, but is not limited to, the following items: gloves, laboratory coats or uniforms, 
safety glasses, earplugs or muffs, hard hats, respirators, coveralls, safety shoes, vests, or full body suits. 

Plant Biosafety Levels (BL-P) are a combination of standard physical and biological containment 
conditions       and practices suitable to greenhouse operations that conduct experiments involving plants, 
plant-associated microorganisms, and small animals (e.g., arthropods or nematodes). 

Plant Protection and Quarantine (PPQ) is a program of APHIS that safeguards agriculture and 
natural resources from the risks associated with the entry, establishment, or spread of animal and plant 
pests and noxious weeds to ensure an abundant, high-quality, and varied food supply. 

Plasmids are mobile DNA segments that are separate from chromosomal DNA and can replicate 
independently of the chromosomal DNA. In many cases, a plasmid is circular and double-stranded. 
Plasmids usually occur naturally in bacteria but are sometimes found in eukaryotic organisms. They 
are frequently used in molecular biology research. 

Positive pressure respirator is a respirator that is designed to maintain positive pressure                inside the 
facepiece during exhalation and inhalation (e.g., a powered air-purifying respirator or PAPR). 

Potable water or drinking water is water which is satisfactory for drinking, culinary, and domestic 
purposes and meets the requirements of the regulatory health authority having jurisdiction. In 
laboratory and other industrial water uses, the building’s water   supply is separated through 
backflow prevention devices in the building’s plumbing system into potable and industrial water 
systems or sources. 

Povidone-iodine (PVP-I) is an iodophor antimicrobial composed of a stable chemical complex of 
polyvinylpyrrolidone (povidone or PVP) and elemental iodine (ranging from 9.1 - 12.0 percent available 
iodine, calculated on a dry basis). 

Principal Investigator (PI) or supervisor is the individual assigned authority and responsibility to 
direct a research experiment, project, or program that is typically funded by a grant. 

Prions are proteinaceous infectious particles that lack nucleic acids. They are thought to consist of an 
abnormal isoform of a normal cellular protein highly resistant to treatments (e.g., moderate heat, 
protein digesting enzymes, radiation, and formalin) that would inactivate typical proteins, viruses, or 
bacteria. Complete inactivation may not always be possible, but all attempts should be made to ensure 
that adequate decontamination is met. The World Health Organization’s publication, “Infection 
Control Guidelines for Transmissible Spongiform Encephalopathies” provides internationally 
accepted guidance on handling prion disease agents. 

Protective laboratory clothing is a garment such as a lab coat, gown, smock, or uniform designed to keep 
personal clothing, forearms, or other exposed bodily surfaces protected from contamination by biological 
materials or exposure to other hazards. 

Public Health Service (PHS) is an umbrella organization in the Federal Government consisting of eight 
HHS health agencies, the Office of Public Health and Science, and the Commissioned Corps (a uniformed 
service of health professionals). NIH and CDC are agencies within the PHS. 

Quaternary ammonium compound or quat is a cationic detergent compound derived from 
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ammonia by replacing the hydrogen atoms with organic radicals, and the compound is especially 
important as surface-active agents, disinfectants, or in drugs. 

Recombinant nucleic acids (recNA). Molecules that are constructed by joining NA molecules and 
that can replicate in a living cell (i.e., recombinant NA), or molecules that result from the replication 
of recNA would be named such that a layman can assess the risk of the material and would include (at 
a minimum) the name of the parent organism of the gene or NA sequence, and the common name of 
the disease or intoxication it causes. For example, the products experiment that use of enzymes 
designed to cut or combine DNA and RNA (e.g., endonucleases and ligases) or introduce isolated or 
manipulated DNA or RNA into cells are generally described as “recombinant NA” or “recombinant 
organisms.” 

Ribonucleic Acid (RNA) is a polymeric molecule implicated in various biological roles in coding, 
decoding, regulation, and expression of genes. RNA and DNA are nucleic acids, and along with proteins 
and carbohydrates, constitute the three major macromolecules essential for all known forms of life.  

Risk Assessment (RA), or Biological Risk Assessment, is a process used to identify the hazardous 
characteristics of a biological agent (known or suspected infectious, zoonotic, or environmental 
hazards), toxins, or material; the activities that can result in a worker’s exposure to an agent or material 
and/or environmental release of a biological agent that would negatively affect agriculture, international 
trade, or the environment (whether in a laboratory, vivarium, animal pen, greenhouse, or field activity); 
the likelihood that such exposure will cause a negative effect (e.g., a laboratory-acquired or field-
acquired infection); and the probable consequences of such an event. The information identified by the 
risk assessment will provide a guide for the selection of biosafety levels (laboratory setting or vivarium), 
appropriate work practices, safety equipment (which includes personal protective equipment), and 
facility safeguards at which research or diagnostic activities should be conducted. A risk assessment 
should be performed to provide the information needed to eliminate or reduce a particular risk to an 
acceptable level. The assessment of risk needs to be carried out before work begins (and repeated when 
changes are to be made in biohazardous agents or toxins, practices, employees, or facilities/worksite) by 
a knowledgeable person using professional judgment. A formal RA uses a broad-based hazard inventory 
that covers laboratory biosecurity, personnel suitability, personal quarantine, economic loss, chemical or 
radiological hazards, etc. 

Risk Group (RG) The NIH Guidelines have incorporated an agent RG classification for laboratory use 
that describes four general RGs based on these principal characteristics and the route of transmission of 
the natural disease; this list is found in Appendix B of the NIH Guidelines. Agent Risk Group 
assignments assist with an initial estimate of the pathogen’s risk; the assessment must be modified 
appropriately based on the unique risks faced by each laboratory for the specific work being done. The 
four groups address the risk to both the laboratory worker and the community and correlate with, but do 
not equate to, biosafety levels (BSL). The BMBL 6th Edition Section III provides additional information 
about RGs and Biosafety Levels. Also, ABSA International® has a compendium of organisms and RG 
assignments from several countries and organizations available at ABSA International. 

Recombinant genetic (or genomic) materials are genetic materials that have undergone genetic 
recombination. 

Recombinant and Synthetic Nucleic Acid Molecules In the context of the NIH Guidelines recombinant and 
synthetic nucleic acid molecules are: 

a. Molecules that are constructed by joining nucleic acid molecules and can replicate in a 
living cell, i.e., recombinant nucleic acids. 

b. Nucleic acid molecules that are chemically or by other means synthesized or 
amplified, including those that are chemically or otherwise modified but can base 
pair with naturally occurring nucleic acid molecules (i.e., synthetic nucleic acids). 
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c. Molecules that result from the replication of those described in (a) or (b) above. 

Respirator is a device such as a filtering facepiece or negative-pressure cartridge respirator that is 
designed and certified to protect the wearer from the inhalation of harmful atmospheres. 

Respiratory protection is a control such as a biosafety cabinet, enclosed containment system, or 
respirator that prevents worker inhalation of an agent to harmful levels. 

Responsible Official (RO) is a person that has the authority and responsibility to ensure       compliance 
with CDC and USDA regulations for possession, use, or transfer of select agents and toxins, as 
specified in the regulations and on behalf of the entity. Similarly, other Responsible Official(s) or 
Institutional Official may be responsible for environmental-related regulations (e.g., EPA) or animal 
welfare regulations (e.g., IACUC), for example. 

Ribonucleic acid (RNA) is a biologically important type of molecule that consists of a long chain of 
nucleotide units. Each nucleotide consists of a nitrogenous base, a ribose sugar, and a phosphate. 
RNA is very similar to DNA but differs in a few important structural details. For example, in the cell, 
RNA is usually single-stranded, while DNA is usually double-stranded. 

Risk Assessment (RA) is a process used to: 1) identify the hazardous characteristics of a 
biological agent (known or suspected infectious, zoonotic, or environmental hazards), toxins, or 
material; 2) the activities that can result in a worker’s exposure to an agent or material and/or 
environmental release of a biological agent that would negatively affect human health, 
agriculture, international trade, or the environment (whether in a laboratory, vivarium, animal 
pen, greenhouse, or field activity); 3) the likelihood that such exposure will cause a negative 
effect (e.g., a laboratory-acquired or field-acquired infection); and 4) the probable consequences 
of such an event. The information identified by the risk assessment will provide a guide for the 
selection of biosafety levels (laboratory setting or vivarium), appropriate work practices, safety 
equipment (which includes personal protective equipment), and facility safeguards at which 
research or diagnostic activities should be conducted. Likewise, a job hazard assessment or 
analysis (refer to JHA definition) should be performed to identify and mitigate risks to known 
or potentially infectious biological agents, toxins, or materials involving field activities where 
facility safeguards are not feasible. A risk assessment should be performed to provide the 
information needed to eliminate or reduce a particular risk to an acceptable level. The 
assessment of risk needs to be carried out before work begins (and repeated when changes are 
to be made in biohazardous agents or toxins, practices, employees, or facilities/worksite) by a 
knowledgeable person using professional judgment. Risk Assessment Tool Biohazard Risk Assessment 
Tool v03b.pdf (amazonaws.com) 

Risk Group (RG) The NIH Guidelines have incorporated an agent RG classification for laboratory use 
that describes four general RGs based on these principal characteristics and the route of transmission of 
the natural disease; this list is found in Appendix B of the NIH Guidelines. Agent Risk Group 
assignments assist with an initial estimate of the pathogen’s risk; the assessment must be modified 
appropriately based on the unique risks faced by each laboratory for the specific work being done. The 
four groups address the risk to both the laboratory worker and the community and correlate with, but do 
not equate to, biosafety levels (BSL). The BMBL 6th Edition Section III provides additional information 
about RGs and Biosafety Levels. Also, ABSA International® has a compendium of organisms and RG 
assignments from several countries and organizations available at ABSA International. 

Routes of Exposure are either: 1) Inhalation of infectious aerosols, 2) Direct skin, eye, or mucosal 
membrane (e.g., ocular splash exposure), 3) Parenteral inoculation by a syringe needle or other 
contaminated sharp, or bites from infected animals and arthropod vectors, or 4) Ingestion of liquid 
suspension of an infectious agent, or by contaminated hand-to-mouth exposure. 

https://stclabsafety.s3.us-west-2.amazonaws.com/Biosafety+9.17.21/story_content/external_files/Biohazard%20Risk%20Assessment%20Tool%20v03b.pdf
https://stclabsafety.s3.us-west-2.amazonaws.com/Biosafety+9.17.21/story_content/external_files/Biohazard%20Risk%20Assessment%20Tool%20v03b.pdf
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Safety-engineered sharps or safety-engineered needles are sharp tools with a built-in safety feature 
or mechanism that effectively reduces the risk of accidental skin penetration and a biological 
exposure incident. Examples include devices that blunt, sheath, or withdraw the sharp when the sharp 
edge or point has been used or is not in use. 

Sanitization is the process of generally reducing the number of microorganisms by the         use of general 
cleaning agents. 

Select agents and toxins. Refer to Biological Select Agent and Toxins (BSATs). 

Select Toxins, select biological toxins, and biotoxins are substances of natural and xenobiotic methods 
that may cause death or severe incapacitation at relatively low exposure levels. Examples of select 
toxins include: abrin, botulinum neurotoxins, botulinum neurotoxin producing species of clostridium, 
conotoxins, ricin, saxitoxin, T-2 toxin, tetrodotoxin, and diacetoxyscirpenol. 

Sepsis is the presence of infectious organisms in the blood or other typically axenic tissues of the body. 

Sharp is an object that can penetrate the skin. A sharp is often a tool, device, or material              that typically 
has a sharp edge or point such as a needle, scalpel, razor, blade, broken glass piece, broken capillary 
tube, or an exposed wire end. In field operations, animal teeth or claws can puncture or penetrate the 
skin, potentially exposing employees to hazardous biological agents of animal origin. 

Sharps with engineered sharps injury protection (ESIP) are defined in the OSHA Bloodborne 
Pathogen Standard as a non-needle sharp or a needle device used for withdrawing body fluids, 
accessing a vein or artery, or administering medications or other fluids, with a built-in safety feature 
or mechanism that effectively reduces the risk    of an exposure incident. 

Soap is sodium or potassium salt of fatty acids. 

Soil is defined by PPQ as a mixture of inorganic and organic materials, when the organic materials are 
unidentifiable plant and/or animal parts. The PPQ Soil Circular defines what is and is not soil. 

Standards are the external rules established by Government, contract, and funding regulations and non-
regulatory standards that form the requirements of the BP. 

Standard facilities are design features, materials, and equipment incorporated into the laboratory or 
facility in accordance with BL containment criteria stated in BMBL and the NIH Guidelines. 

Standard microbiological practices and special practices are work practices and/or protocol controls 
listed as BL containment criteria in BMBL and the NIH Guidelines to protect workers and the environment. 

Standard operating procedure (SOP) is a set of step-by-step instructions compiled by an organization 
to help workers carry out routine operations. SOPs aim to achieve efficiency, quality output, and 
uniformity of performance, while reducing miscommunication and failure to comply with industry 
regulations.  

Supervisor is responsible for a group of employees, whether in a laboratory or field setting. Sometimes, a 
Principal Investigator assumes the role of a supervisor. Supervisors are responsible for a single National 
Biological Agent and Toxin Inventory (NBATI). 

Synthetic Biology is the design and construction of new biological parts, devices, and systems, and re-
design of existing, natural biological systems for useful purposes. Synthetic biology has many potential 
applications in the fields of environment and energy production (e.g., hydrogen production), health care 
(e.g., malaria drugs and gene therapy), and the aeronautical and petrochemical industries (e.g., biofuels), 
as well as in agriculture and wildlife management. Along with its potential benefits come a number of 
issues associated with biosafety and laboratory biosecurity, the potential misuse of synthetic biology and 
a host of ethical, social, and legal concerns about the impact synthetic biology may have on society, 
public health and the environment. See Recombinant DNA definition. 
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Synthetic nucleic acids (synNA). Molecules that are chemically or by other means synthesized or 
amplified, including those that are chemically or otherwise modified but can base pair with naturally 
occurring NA molecules (i.e., synthetic NA) or molecules that result from the replication of synNA, 
would be named such that a layman can assess the risk of the material and would include (at a minimum) 
the name of the parent organism of the gene or NA sequence, and the common name of the disease or 
intoxication it causes.  
For example, the products experiment that use of enzymes designed to amplify or generate DNA and 
(DNA and RNA polymerases and solid-phase chemical synthesis) or introduce amplified or generated 
DNA or RNA into cells are generally described as “synthetic NA” or “synthetic organisms.”  
 
Additionally, some chemical methods also enable the generation of altered NA that are not found in 
nature. Artificial NA analogs have been designed and synthesized by chemists and can include peptide 
NA, morpholino-NA, and locked-NA, among others. Each of these is distinguished from naturally 
occurring DNA or RNA by changes to the backbone of the molecule and would be considered “synthetic 
NA” as well.  

Standard safety equipment and PPE are equipment controls listed as BL containment criteria in the 
BMBL and NIH Guidelines that provide primary barriers to prevent worker exposure to infectious agents. 

Sterilant is an antimicrobial chemical or physical agent that is capable of killing all microbes including 
their spores. It fulfills the sterility assurance level. 

Sterile is an adjective that means completely free of all living microorganisms and viruses. 

Sterility Assurance Level (SAL) is the probability of a viable microorganism being present on a 
product unit after sterilization. SAL is normally expressed as 10-x. SAL of 10-6 (or chance of 1 in one 
million microorganisms remaining viable) is most often used for sterile devices and drugs. 

Sterilization is a carefully monitored process that will ensure that the probability of an item being 
contaminated by a microbe to be equal to or less than one in a million (10–6). 

Sterilization procedure is a treatment process to which an item is subjected after which the probability of 
a microorganism or virus (including a high number of bacterial endospores) surviving on the item is less 
than one in one million. This level of killing efficacy is referred to as the SAL. 

Surfactant is a surface-active agent that is usually an organic compound that possesses both 
hydrophilic (water-loving) and lipophilic (fat-liking) properties that make the compound soluble in 
water and lipids. 

Toxin is a toxic material or product of plants, animals, microorganisms (including, but not limited to, 
bacteria, viruses, fungi, or protozoa), or recombinant or synthesized molecules, or other substances 
whatever their origin and method of production, and includes any poisonous substance or biological 
product that may be engineered as a result of chemistry or biotechnology, produced by a living organism, 
or any poisonous isomer, biological product, homolog, or active derivative or subunit of such a substance. 
This excludes chemical poisons or intoxicants not of a natural biological origin. Examples may include 
mycotoxins, poisonous plants like poison hemlock and other poisonous invasive plants, and bites from 
spiders, wasps, and other insects. 

Transboundary Animal Diseases (TADs) are animal or plant health diseases which are exotic or foreign 
in the global theatre. TADs are defined by Food and Agriculture Organization (FAO) of the United 
Nations as those diseases that are of significant economic, trade, and/or food security importance for a 
considerable number of countries, which can easily spread to other countries and reach epidemic 
proportions; and where control/management, including exclusion, requires cooperation between several 
countries. Such definition should include emerging infectious diseases (EIDs), most of which will likely 
be zoonoses, but of uncertain impact. FAO’s Emergency Prevention System for animal health focuses on 
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some 12-14 diseases of a transboundary nature: foot-and-mouth disease (FMD), rinderpest, contagious 
bovine pleuropneumonia, sheep and goat pox, peste des petits ruminants (PPR), highly pathogenic avian 
influenza (HPAI), Rift Valley fever, Newcastle disease, African swine fever (ASFv), classical swine fever 
(CSFv), equine encephalitis, rabies (under certain circumstances), and brucellosis (under certain 
circumstances). 

Transgenic organism is an organism whose genome has been altered by the transfer of a  gene or genes 
from another species  using genetic engineering techniques. 

Transmissible spongiform encephalopathies (TSEs) are neurodegenerative diseases such as, but not 
limited to, Creutzfeldt-Jakob disease (CJD) in humans and bovine spongiform encephalopathy (BSE) 
that affect humans and a variety of domestic and wild animal species. Refer to Prions section in this 
manual. 

Ultraviolet (UV) radiation or UV light is electromagnetic radiation with a wavelength shorter than 
that of visible light, but longer than X-rays, in the range of 10 nanometers (nm) to 400 nm, and 
energies from 3 electron volts (eV) to 124 eV. 

Vector of disease is a living organism, usually an arthropod or insect, that transmits infection to a 
succession of hosts. assists in the transmission of human or agricultural diseases. For example, 
mosquitoes, ticks, and aphids can transmit diseases to humans, animals, and plants. 

Veterinary Services (VS) is a program of APHIS that protects and improves the health, quality, and 
marketability of our Nation's animals, animal products, and veterinary biologics by preventing, 
controlling, and/or eliminating animal diseases, and monitoring and promoting animal health and 
productivity. 

Viral vector is a viral tool commonly used to deliver genetic material into cells. 

Virucide is an agent that destroys or inactivates viruses to make them non-infective, especially a 
chemical substance used on living tissue. The word virucide is a misnomer because the ending 
"cide" means kill, and the virus by itself is not a living entity. Thus, we do not say a virus is killed, 
but that a virus is inactivated. 

Virus is a small infectious agent that can only replicate inside the cells of another organism. 

Visitor. Any person not physically assigned to the high and maximum containment location or 
facility. 

World Health Organization (WHO) is an agency of the United Nations that specializes in the 
attainment by all peoples of the highest possible level of health. 

Z-value is a measure of the way the D-value changes with temperature for a particular organism. It 
may be considered the slope of the logarithm of the D-value against temperature and the number of 
degrees to change the D-value by a factor of 10. It is useful for comparing the death rate of spores 
with the destructive effect on the product over an equivalent temperature range. 

Zoonosis is an infectious disease that can be transmitted (in some instances, by a vector) from animals, 
both wild and domestic, to humans or from humans to nonhuman animals (the latter is sometimes 
called reverse zoonosis). Zoonotic is an adjective that pertains to zoonosis. 
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CHAPTER 2:  APHIS BIORISK MANAGEMENT PROGRAM, AND CULTURE OF BIOSAFETY, 
BIOSECURITY, AND RESPONSIBLE CONDUCT IN LIFE SCIENCES 

Biorisk Management 

Biorisk Management (BRM) is the effective management or mitigation of risks posed by working with 
hazardous biological materials, which includes a range of practices and procedures, as well as facility 
design features, to ensure biosafety, biocontainment, and biosecurity of hazardous biological materials, as 
established by the USDA DR 4400-007 Biorisk Management Policy, the CDC/NIH Biosafety in 
Microbiological and Biomedical Laboratories (6th Edition), the Federal Select Agents and Toxins 
regulations, the NIH Guidelines for Recombinant and Synthetic Nucleic Acid Molecules, the International 
Organization for Standardization (ISO) 35001 Biorisk Management for Laboratories and related 
organizations, and other national regulations or guidance documents. Biorisk management includes the 
full spectrum of safety and security measures, which includes: 

• Hazard identification and assessment 

• Risk communication and training (including competency verification) 

• Standard Operating Procedures (SOPs) 

• Facility design, engineering controls, administrative controls, and personal 
protective equipment (PPE) 

BRM is based on the “Plan, Do, Check, and Act” management system to achieve continual process 
improvement. As science and technology evolve, through improved laboratory equipment and biomedical 
technology and changing protocols, or as occupational incidents (e.g., accidents) occur, the risk 
assessment needs to be revisited continually and new or revised mitigation strategies need to be put in 
place. It is important to note that for a BRM system to be efficacious, it needs to have complete support 
and commitment from everyone in the organization, including leadership. Leadership shall demonstrate 
its commitment by ensuring the availability of resources to establish, implement, maintain, and improve 
the BRM system. 

 

 
 

Figure 1. BRM Plan, Do, Check, and ACT Management System 

(Source: ISO 35001) 



 

37 
 

 

Culture of Biosafety, Biosecurity, and Responsible Conduct in the Life Sciences 

APHIS conducts and funds life sciences research and diagnostic activities which are crucial to national 
security and to the wellness of the public, animals, plants, the environment, our economy, and food 
security. Reinforcing norms of safe and responsible conduct is one of the objectives of the National 
Strategy for Countering Biological Threats which highlights actions that should be taken to reinforce a 
culture of responsibility, awareness, and vigilance among all who utilize and benefit from the life 
sciences. The Federal Experts Security Advisory Panel (FESAP) recommended several actions to 
strengthen and sustain the culture of biosafety, biosecurity, and the responsible conduct of science at the 
Federal level. FESAP also emphasized that training should include discussions of ethical and legal 
considerations, as well as the social relevance of life science research, and the range of dual-use 
conundrums and dilemmas that may arise. To that end, the USG Inter-Agency Biorisk Management 
Working Group (IBMWG), co-chaired by HHS and USDA APHIS, refined training goals and objectives, 
and identified the role of “culture” as it relates to BRM, emphasizing principles for guiding decisions and 
behaviors as they relate to BRM (i.e., motivation, leadership, commitment, responsibility, 
professionalism, competence, learning and improvement, maintaining public trust). Also, the IBMWG 
conducted an inventory of existing Federal and non-Federal training and education programs addressing 
the culture of biosafety, biosecurity, and responsible conduct of life sciences, and consulted with experts 
from academia and professional organizations on best practices and lessons learned. The training and 
resources catalog, also known as “A Guide to Training and Information Resources on the Culture of 
Biosafety, Biosecurity and Responsible Conduct in the Life Sciences” is a living document, as well as the 
Self-Assessment Tool, which are available at: www.absa.org. 

APHIS BRM Program Support Services 

a. The APHIS BRM Program supports: 

(1) All APHIS Programs, including local biosafety and biosecurity 
programs at various locations. 

(2) APHIS’ component of the USDA National Biological Agent and Toxin 
Inventory. 

(3) Local Institutional Biosafety Committees (IBCs) and/or 
Institutional  Review Entity (IRE). 

(4) Local Institutional Animal Care and Use Committees (IACUC). 

b. The APHIS BRM Program assists local biosafety and biosecurity 
programs in the implementation of the CDC/NIH “Biosafety in 
Microbiological and Biomedical Laboratories’ where applicable, USDA 
DR 4400-007 Biorisk Management Policy, USDA DR 9610 USDA 
Policies and Procedures on Safety, Security, and Personnel Suitability for 
High Containment Facilities, as well as other applicable USDA 
regulations, policies and procedures; and other applicable Federal, State, 
or local regulations, and national guidance. 

c. The APHIS BRM Program conducts, or directs the performance of, 
periodic evaluations or assessments of laboratory, animal, and plant 
facilities, and their support spaces, and evaluates procedures to 
determine regulatory and policy                compliance and the effectiveness of 
existing control measures. 

http://www.absa.org/
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(1) Periodic evaluations may consist of a combination of site visits 
during a 3-year period whenever feasible by: the APHIS 
Biosafety Officer and other SHB staff where site visits may 
occur as often as annually, or either a site visit by the APHIS 
Biosafety Officer, a self-administered assessment by the 
facility’s Biosafety/Biocontainment Officer or Safety and 
Health Staff, or an inspection by the Federal Select Agent 
Program (FSAP). 

(a) Upon receipt of copies of external assessments, audits or 
inspections gaps, deficiencies or violation results will be 
provided to the facility leadership, local Safety/Biosafety 
staff, the APHIS Biosafety Officer, and the APHIS DASHO 
or designated official. External assessments, audits or 
inspections may include the FSAP, agency or other 
regulatory entity. Summaries may suffice provided these 
identify the deficiencies or gaps.  

(b) Facilities or locations must mitigate identified 
deficiencies, identified by the APHIS SHB during 
regular assessments or other regulatory entity, that pose 
significant danger to life or limb immediately. Facilities 
or locations must mitigate all other deficiencies within 
30 days of receiving the evaluation or inspection results 
from SHB or other regulatory entity or develop a 
Corrective Action Plan (CAP) when gaps or 
deficiencies are unable to be corrected within 30 days. 
The CAP must be provided to the APHIS Biosafety 
Officer or designee, and APHIS Leadership. Follow 
regulatory entity specific CAP requirements. 

d. The BRM Program reviews architectural drawings for new construction 
and renovation of existing laboratory, quarantine, or animal facilities, and 
blueprints or plans for proposed new construction or renovation work to 
ensure incorporation of adequate biocontainment measures for the 
prevention of occupational disease hazards and potential release of 
hazardous biological materials into the environment. 

e. Each APHIS research activity involving the use of recombinant DNA or 
synthetic nucleic acid molecules technology should be reviewed by an IBC 
Committee. The IBC could be housed locally, at another USDA IBC 
facility, or at an IBC within its geographic region.  

f. The APHIS Biosafety Officer will review all BRM-related incidents 
submitted through the APHIS First Online Report of Incidents system and 
follow up with program and/or local safety and health staff.  

(1) The Biosafety Officer will assist the program and/or location’s 
safety and health staff with assessment of the incident to determine 
the effectiveness of response and conduct a root cause analysis 
report of the incident, if warranted. 

(2) Agency reports, including a list of all incidents with their 
mitigation strategies and lessons learned (per Program, Facility, or 
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Location), will be shared annually with the USDA Joint Committee 
on Biorisk Management Policy (JCBMP) and with local safety and 
health staff for awareness so they can share with employees for 
educational purposes.  

(3) Incidents involving spills or releases of hazardous biological 
materials outside of primary containment in which an occupational 
exposure may have occurred or is suspected to have occurred must 
be reported to the APHIS Biosafety Officer by phone or email as 
soon as feasible, along with reporting the incident using the APHIS 
First Online Report of Incident. Similarly, a breach in containment 
or potential release into the environment will need to be reported in 
a timely manner.  

(4) The APHIS Biosafety Officer will notify the SHB Branch Chief in 
a timely manner.  

(5) All significant incidents will be reported to the APHIS leadership, 
the appropriate Mission Area Under Secretary and to the JCBMP 
Executive Secretary for review by the Operational Biorisk 
Subcommittee (OBC) within 2 business days. Significant incidents 
include: 

(1) Two or more individuals exposed to an infectious or zoonotic 
agent or toxin;  

(2) Suspected or known occupational acquired infection 
(laboratory- or field-acquired infection (LAI);  

(3) Reportable environmental release or accidental infections of 
animals;  

(4) Significant security breaches (e.g., theft);  

(5) Significant regulatory citations (notice of violations); and  

(6) Critical inspection findings (internal or external) that would 
require immediate Departmental attention and/or action.  
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CHAPTER 3:  RISK ASSESSMENT AND JOB HAZARD ASSESSMENT 

Background 

Laboratory, animal facility, greenhouse, or fieldwork activities have been linked to undesirable events, 
including laboratory- or field-acquired infections (LAIs), as well as accidental releases into the 
environment of hazardous biological materials. LAIs can result from direct contact of the infectious agent 
with mucous membranes of the eyes, nose, or mouth via sprays, splashes, or droplets; inhalation of 
infectious aerosols generated during activities such as mixing and centrifugation; percutaneous 
inoculation via sharps, needle sticks, or non-intact skin (e.g., scratches and cuts); handling wildlife in the 
field and experiencing animal bites or scratches; during animal health or plant health surveillance field 
activities when exposed to ticks and tickborne diseases, poisonous plants, or wildlife harboring diseases; 
and when collecting environmental samples. ABSA International has compiled a database of LAIs. 
Likewise, environmental releases have led to public health and animal or plant health disease outbreaks 
with significant economic and international trade losses. These incidents may also lead to food insecurity 
or geopolitical destabilization.  

In order to minimize risks while providing a safe work environment, protect agriculture, and the 
environment, a risk assessment (RA) should be performed to evaluate what could go wrong by: 
identifying activities that can result in a worker’s exposure to a hazardous biological material and/or 
environmental release of a biological agent or toxin negatively impact agriculture, international trade or 
the environment (whether in a laboratory, animal facility, greenhouse, aquaculture or field activity); 
determining the likelihood that an undesirable incident (e.g., injury, exposure or release) may occur and 
the consequences (e.g., infection or animal or plant health disease outbreak), if that undesirable incident 
were to occur. For activities where a variety of hazards are present--whether physical, chemical, 
explosive, or radiological--OSHA standards may apply.  To identify and mitigate risks, a hazard 
inventory and RA are the first and second steps. Oftentimes, a Job Hazard Assessment (JHA) which 
identifies all types of hazards (aka, hazard inventory) as well as a risk assessments of the hazards 
identified is performed provided there is a well thought out and up-to-date Standard Operating Procedure 
(SOP) is in place. Either a RA or JHA may be used to help identify and mitigate hazards. 

Formal RAs, whether biological or general safety, should be performed before work begins, and repeated 
when any change is introduced into the activity (e.g., changes in practices, personnel, instrumentation, or 
facilities). Informal RAs, which include short discussions among staff about current risks and mitigations, 
should occur much more frequently, preferably daily. 

A team should perform RAs to ensure various perspectives are considered and to reduce bias. This team 
could be comprised of senior leadership, clinical laboratory scientists, BRM and safety professionals, 
facility engineers, and others familiar with the site-specific and activity-specific laboratory, field, and 
testing activities. 

The BMBL 6th edition describes a six-step approach that gives structure to the risk management process 
and reinforces a positive culture of safety. The initial factors to consider in risk assessment fall under two 
categories: agent hazards and laboratory procedures. Following the assessment of the inherent risk, the 
Biosafety Level and any additional indicated mitigation strategies are determined. Before implementation 
of the controls, the risk assessment and selected safeguards should be reviewed with a biosafety 
professional, subject matter expert, and the IBC or equivalent resource. Then, as part of an ongoing 
assessment of risk management, the proficiency of staff regarding safe practices and the integrity of safety 
equipment is evaluated and training or competency gaps are addressed. Finally, the management 
strategies are revisited regularly to reassess risks and mitigations and are updated when appropriate. 

First, identify hazardous characteristics of the agent and perform an assessment of the inherent risk, which 
is the risk in the absence of mitigating factors. Consider the principal hazardous characteristics of the 
agent, which include its capability to infect and cause disease in a susceptible host, severity of disease, 

http://www.absa.org/
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and the availability of preventive measures and effective treatments. Also consider possible routes of 
transmission of infection in the laboratory, infectious dose (ID), stability in the environment, host range, 
whether the agent is indigenous or exotic to the local environment, and the genetic characteristics of the 
agent. Once the inherent risk associated with the agent is considered, the next step in the process involves 
addressing the possibility of transmission of the agent. The most likely routes of transmission are: 

1. Direct skin, eye or mucosal membrane exposure to an agent; 
2. Parenteral inoculation by a syringe needle or other contaminated sharp, or by bites from 

infected animals and arthropod vectors; 
3. Ingestion of liquid suspension of an infectious agent, or by contaminated hand to mouth 

exposure; and 
4. Inhalation of infectious aerosols. 
5. Handling wildlife that carry diseases (e.g., bites, scratches, tickbites) 
6. Handling soil or other plant-associated material (e.g., exposure to fungi or mold, soil- or 

water-borne agents) 
 

Second, identify laboratory procedure hazards. The principal laboratory procedure hazards are agent 
concentration, suspension volume, equipment and procedures that generate small particle aerosols and 
larger airborne particles (droplets), and use of sharps. Procedures involving animals can present a number 
of hazards such as bites and scratches, exposure to zoonotic agents, and the handling of experimentally 
generated infectious aerosols. 

Third, make a determination of the appropriate Biosafety Level and select additional precautions 
indicated by the risk assessment. The selection of the appropriate Biosafety Level and the selection of any 
additional laboratory precautions require a comprehensive understanding of the practices, safety 
equipment, and facility safeguards. 

Fourth, before implementation of the controls, review the risk assessment and selected safeguards with a 
biosafety professional, subject matter expert, and the IBC or equivalent resource. This review is strongly 
recommended and may be required by regulatory or funding agencies. Review of potentially high-risk 
protocols by the IBC should become standard practice. Adopting this step voluntarily will promote the 
use of safe practices in work with hazardous agents in microbiological and biomedical laboratories. 

 

 
Figure 2. Hierarchy of Controls 

(Source: CDC NIOSH) 
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Fifth, as part of an ongoing process, evaluate the proficiencies of staff regarding safe practices and the 
integrity of safety equipment. The protection of laboratory workers, other persons associated with the 
laboratory, and the public will depend ultimately on the laboratory workers themselves. The laboratory 
director or principal investigator should ensure that laboratory workers have acquired the technical 
proficiency in the use of microbiological practices and safety equipment required for the safe handling of 
the agent and have developed good habits that sustain excellence in the performance of those practices. 
Staff at all skill levels need to know how to identify hazards in the laboratory and how to obtain 
assistance in protecting themselves and others in the laboratory. An evaluation of a worker’s training, 
experience in handling infectious agents, proficiency in following good microbiological practices, correct 
use of safety equipment, consistent use of standard operating procedures (SOPs) for specific laboratory 
activities, ability to respond to emergencies, and willingness to accept responsibility for protecting one’s 
self and others is an important indication that a laboratory worker is capable of working safely. 

Sixth, revisit regularly and verify risk management strategies and determine if changes are necessary. 
Continue the risk management cycle and adjust and adapt as the need arises. This includes a regular 
update of biosafety manuals and SOPs when changes in procedures or equipment occur. A cyclical, 
adaptable risk management process forms the basis for a robust culture of safety in the biological 
laboratory. 

 

 

 
Figure 3. The Risk Assessment Framework 

(Source: WHO Laboratory Biosafety Manual, 4th Edition) 
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Agriculture Risk Assessment 

In addition to the steps described earlier in this chapter, the agriculture biorisk assessment process starts 
with considering these primary factors: 

a. Proposed work 

b. Presence of hazardous biological material or organism 

c. History of organism and availability of information 

d. Organism pathogenicity (virulence, attenuated, more virulent, aggressiveness) 
or persistence of organism 

e. Vector presence 

f. Existence of organism biotypes and strains 

g. Mode or routes of transmission, including vector presence (e.g., arthropods) 
and fomite transmission 

h. Host range and local presence 

i. Environmental stability or seasonal separation 

j. Infectious dose or concentration of the agent 

k. Endemic or exotic. Novel or re-emerging animal or plant health disease or 
pest. Availability of information. 

l. Geographic location 

m. Availability of preventive measures (e.g., vaccines), diagnostics, and effective 
prophylaxis or therapeutic intervention (e.g., antibiotics) in case of zoonotic 
diseases 

n. Antimicrobial resistance strains (e.g., MRSA) 

o. Employee health status (e.g., immunosuppressed or immunocompromised 
individuals) 

p. Consequences to agriculture, the environment, or international trade in case of 
a release into the environment (e.g., food insecurity, geopolitical instability, 
loss of livelihood, economic impact [production losses or outbreak response]) 

q. Biosecurity measures to prevent loss, release, or theft 

In addition, the risk assessment must consider the state or treatment of the biological material that may 
change or eliminate the hazardous characteristics of the material. For example, biohazardous 
characteristics of a biological material may not be present if the material is in a nonviable, fixed, inactive, 
or decontaminated state.  

Risk Groups 

The principal hazardous characteristics of the agents that are present or may be present in the biological 
material must be considered while completing the initial risk assessment. This consideration includes an 
assessment of the agent’s capability to infect or cause disease in humans and terrestrial or aquatic animals 
(USDA has defined aquatic animals as livestock), plants, or insects; the severity of disease; and the 
availability of preventive measures and effective treatments. To facilitate this assessment process, the 
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WHO established an agent Risk Group (RG) Classification.  This RG classification system describes four 
general RGs based on the hazardous characteristics of agents and the transmission route of natural disease 
in humans. Refer to the WHO Biosafety Manual, the OIE Terrestrial Manual, the BMBL, and other 
biorisk guidance. 

Institutional Biosafety Committee (IBC) 

Each facility that conducts research with recombinant DNA or synthetic nucleic acid molecules should 
establish an Institutional Biosafety Committee (IBC), per NIH Guidelines, to be registered with the NIH, 
or have access to one per agreement, to perform a thorough risk assessment, review local procedures and 
employees’ qualifications to perform such procedures, and review the facility design and operations as 
well as other applicable information. In many cases, the scope of an IBC may be expanded to include the 
review and approval of all research protocols utilizing hazardous biological materials, as well as 
permitted materials, as appropriate. The IBC should follow guidance as established by the NIH 
Guidelines. In the absence of a BSO at the location level, the APHIS Biosafety Officer may support the 
local IBC.  

Risk Assessment Tools and Templates include  the WHO Risk Assessment Template, the FSAP 
Biosecurity Risk Assessment, and the Sandia National Laboratory Security Risk Assessment 
Methodology (BioRam). 

Toxins 

Biological toxins, biotoxins, or toxins are poisonous substances produced by a living organism. The 
poisonous nature of toxins means that they may cause death or severe incapacitation at relatively low 
exposure levels. Toxins include bacterial toxins, fungal toxins, algal toxins, and animal toxins. Examples 
include but are not limited to microcystins produced by freshwater cyanobacteria or venoms produced by 
snakes or spiders. Toxic substances produced by some plants in nature are not known to cause death or severe 
incapacitation though exposure to these may be severe enough to seek medical treatment. Toxic substances that 
are not of biological origin are properly termed “poisons.” 

Typical laboratory work with very small quantities of most toxins can be performed with minimal risk to 
the worker. Toxins do not replicate, are not infectious, and are difficult to  transmit mechanically or 
manually from person to person. Other characteristics that further limit the spread of toxins include the 
fact that many commonly employed toxins are relatively unstable in the environment (especially in the 
case of protein toxins) and have very low volatility. 

Toxins must be handled using the general and “particularly hazardous substance” sections of the APHIS 
Chemical Hygiene Plan (CHP). In addition, safety and security control procedures and equipment based 
on a risk assessment must be used for each specific laboratory operation. Biological toxins are easily 
portable and generally more shelf-stable or easily stabilized for long-term storage and dispersal. These 
characteristics contribute to potentially misuse with the specific purpose of causing harm. 

Refer to the BMBL 6th Edition, Appendix I—Guidelines for Work with Toxins of Biological Origin for 
more information and Chapter 21-Select Agents in this document for further information. 

Biological Select Agents and Toxins  

Biological select agents and toxins (BSATs) are specific pathogenic agents and toxins regulated by the 
HHS-CDC and the USDA-APHIS due to their potential threat (e.g., may be used as biological weapons) 
to human, animal, and plant health. Specific genetic elements, recombinant nucleic acids, and 
recombinant organisms that may pose a similar threat are also regulated. All APHIS laboratories that wish 
to possess any BSAT must be registered and approved by the FSAP before any work is conducted. All 
employees who have access to any BSAT must be fully approved by the FSAP, including a security risk 
assessment (SRA) by the Federal Bureau of Investigation (FBI), receive annual BSAT training, and meet 

https://www.who.int/publications/i/item/9789240011311
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all applicable FSAP requirements. Contact the APHIS BSO or location Responsible Official (RO) for 
guidance.  

For additional information, refer to Chapter 21-Biological Select Agent and Toxins (BSAT) and Dual Use 
of Concern in this document; BMBL 6th Edition Appendix F Select Agents and Toxins, and the Federal 
Select Agent Program main webpage www.selectagents.gov. 

Gene Drive and Gene Editing 

Gene drive refers to technologies whereby a particular heritable element biases inheritance in its favor, 
resulting in the gene and any associated genetic cargo becoming more prevalent in the population over 
successive generations. Thus, the gene is being “driven” to progressively increase its frequency in the 
population. Biasing inheritance may result in, for example, more than the typical Mendelian 50:50 
inheritance chance or create an artificial selection pressure for transgenes introduced into the environment 
on population scales (or at the population scale). 

Gene editing enables scientists to make changes to DNA using tools or technologies such as CRISPR-
Cas9, TALEN, zinc finger nucleases (ZFNs) and others, resulting in phenotype changes. These 
technologies act like targeted or guided scissors, cutting the DNA at a specific spot. Then scientists can 
remove, add, or replace the DNA where it was cut. One way that scientists use genome editing is to 
investigate different diseases that affect humans and other species with the hope to prevent and treat 
diseases in humans. They edit the genomes of animals, like mice and zebrafish, because these animals 
have many of the same genes as humans. For example, by deleting or “knocking out” genes in zebrafish 
which are similar to the genes that cause deafness in humans allows them to better understand the 
genomic basis of deafness. Likewise, gene editing can be used in an agriculture research setting. For 
example, Wildlife Services (WS) is researching the use of genome editing in their invasive species 
management efforts. In the past, traditional removal methods such as toxicants have been successful in 
eradicating invasive species on islands, but these approaches are costly and time-consuming. Their use 
can be limited due to concerns about secondary hazards to people, domestic animals, and nontarget 
species.  WS’ National Wildlife Research Center (NWRC) geneticists are currently investigating a novel 
gene drive approach (“locally fixed alleles”) for potential use in managing invasive species populations.  

The aggrotech industry is editing plant genomes to domesticate plants that would normally take thousands 
of years, like the tomato or corn, for example. Researchers are using CRISPR-Cas9 gene-editing 
technology to reproduce some of the tomato’s domestication-associated genetic changes in other crops. 
By using CRISPR-Cas9, and other gene editing technologies, to tinker with plant genomes in pursuit of 
goals such as expanding the diversity of produce in the supermarket, make them tastier and more 
appealing to consumers, and improving crop yield for an ever-increasing human population. 

To ensure the proper review and risk assessment of gene editing used in biomedical and agriculture, the 
NIH’s Novel and Exceptional Technology and Research Advisory Committee (NEXTRAC) convened 
and produced a Draft Report of the Gene Drives in Biomedical Research Working Group (June 2021), 
which includes biosafety recommendations for contained research, as well as strategies for risk and 
benefit assessment for field release.  

Synthetic Biology and Dual Use Research of Concern 

In 2002, scientists in the U.S. synthesized a viral genome for the first time. Viral genomes are generally 
much smaller compared to the genomes of most bacteria and microorganisms. Scientists showed that it 
was possible to create the polio virus from synthetic DNA sequence alone and brought attention to the 
risk that synthetic biology could be used to develop biological weapons. While this group of researchers 
did not intend to cause harm with their research, their work understandably raised concerns that bad 
actors might use synthetic biology for malicious purposes. There are Federal regulations in place to 
regulate so-called "dual use research of concern", or research that could be directly misapplied to pose a 

http://www.selectagents.gov/
https://www.genome.gov/genetics-glossary/Gene?id=70
http://science.sciencemag.org/content/297/5579/174.2.long
https://osp.od.nih.gov/biotechnology/dual-use-research-of-concern/
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significant threat to public health and safety, agricultural crops and other plants, animals, the 
environment, or national security. However, the responsibility to work ethically and safely rests on those 
who plan and perform the work. 

Many of the ethical questions relevant to synthetic biology are similar to ethical discussions related to 
genome editing. What are the environmental impacts of introducing modified organisms into the 
ecosystem? As the synthesis of the polio virus demonstrates, there are also biosecurity concerns related to 
synthetic biology. The U.S. Government's Federal Select Agents Program (FSAP) regulates the 
possession and transfer of high-risk infectious agents like polio for research and other purposes. 
Additionally, federally-funded research, such as research supported by the National Institutes of Health 
(NIH) that involves high-risk infectious agents, is subject to additional oversight and risk management as 
laid out by the Dual Use Research of Concern (DURC) policy.  

One group of researchers, called the "Genome Project-Write" (GP-Write), is seeking to synthesize, or 
"write" whole genomes from human cell lines and the genomes of other plants and animals important to 
agriculture and public health.  

Work with or the creation of recombinant organisms or specific recombinant genomic materials and 
synthetic nucleic acids may create new risks to humans, animals, plants, or  the environment. These 
potential recombinant risks must be identified and evaluated during the risk assessment process. Examples 
of genetic modifications that may increase  risk include modifications that increase an agent’s 
pathogenicity or susceptibility to effective treatments (e.g., antibiotics or antimicrobials), or increase an 
organism’s ability to compete in the natural environment. Requirements and specific practices for 
constructing and handling recombinant DNA molecules, and organisms and viruses containing 
recombinant or synthetic nucleic acid molecules, are specified in the NIH Guidelines (2019). Additional 
information is also available in the BMBL 6th Edition Appendix J—NIH Oversight of Research Involving 
Recombinant Biosafety Issues. 

As defined by the NIH Guidelines, recombinant or synthetic nuclei acid molecules are defined as: 

1. Are constructed by joining nucleic acid molecules, and 

2. That can replicate in a living cell, i.e., recombinant nucleic acids 

3. Nucleic acid molecules that are chemically or by other means synthesized or 
amplified, including those that are chemically or otherwise modified but can base 
pair with naturally occurring nucleic acid molecules, i.e., synthetic nucleic acids, 
or 

4. Molecules that result from the replication of those described in (1) or (2) above. 

Risk assessment is ultimately a subjective process. The investigator must make an initial risk assessment 
based on the RG of an agent as well as an assessment of the functions that may be encoded by these 
sequences (e.g., virulence or transmissibility). The supervisor (or Principal Investigator (PI)) and the IBC 
must also be cognizant that the combination of certain sequences in a new biological context may result in 
an organism whose risk profile could  be higher than that of the contributing organisms or sequences. A 
final assessment of risk based on these considerations, is then used to set the appropriate containment 
conditions for the experiment. 

Animals and Vectors 

Working with animals in research and diagnostics, caring for animals in animal care facilities, or coming 
in contact with animals or vectors in the field may cause zoonotic or  other diseases. A zoonosis is an 
infectious disease that can be transmitted (in some instances, by a vector) from non-human animals, both 
wild and domestic, to humans, or from humans to non-human animals (the latter is called reverse 
zoonosis). Human diseases caused by a non-infectious, etiological agent derived from animals or their 

https://www.genome.gov/27569225/what-are-the-ethical-concerns-about-genome-editing/what-are-the-ethical-concerns-about-genome-editing/
https://www.genome.gov/27569225/what-are-the-ethical-concerns-about-genome-editing/what-are-the-ethical-concerns-about-genome-editing/
https://www.selectagents.gov/about.html
https://osp.od.nih.gov/biotechnology/biosecurity-policy/
http://engineeringbiologycenter.org/
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vectors are not considered a zoonosis (e.g., allergic reactions to animal products such as dander or urine). 
Work involving animals may expose workers to etiologic agents in a variety of ways such as wound 
infections, inhalation of aerosols (e.g., dust from animal bedding), and animal bites or scratches. Working 
with large animal species such as livestock or wildlife may pose different risks and requires an additional skillset. 
Animal care staff, veterinarians, and researchers must be familiar with species-specific animal behavior and safety 
zones. Also, aquatic and arthropod species have very unique characteristics which animal workers should be familiar 
with. Worker safety, agricultural, and recombinant or synthetic nucleic acid molecules’ risks related to 
working with animals must be evaluated during the risk assessment, and proper containment measures 
must be employed. 

For additional information, refer to Chapter 19 - Agriculture Animal Research and Diagnostic Biorisk 
Management in this manual, the BMBL 6th Edition Appendix D Biosafety and Biocontainment for 
Pathogens Affecting Agricultural Animals and Animals that are Loose-Housed or in Open-Penning, or 
Appendix Q of the NIH Guidelines discusses the “Physical and Biological Containment            for Recombinant 
or Synthetic Nucleic Acid Molecule Research involving Animals.” 

Plants 

Plant-associated microorganisms include viroids, virusoids, viruses, bacteria, fungi, protozoans, certain 
small algae, and microorganisms that have a benign or beneficial association with plants (e.g., certain 
Rhizobium species), and microorganisms known to cause plant diseases. 

Plant-associated small animals include arthropods that are plant pests or plant pollinators, or transmit 
plant disease agents, as well as other small animals such as nematodes for which tests of biological 
properties necessitate the use of plants. The principal purpose of plant containment is to avoid the 
unintentional release of a non-endemic species or its vector or transmission of a recombinant or synthetic 
nucleic acid molecule-containing plant genome, including nuclear or organelle hereditary material or 
release of recombinant or synthetic nucleic acid molecule-derived organisms associated with plants. 

For additional information, refer to Chapter 16 – Plant and Plant Pests Biosafety and Biocontainment in 
this manual. Also, Appendix P of the NIH Guidelines specifies physical and biological containment 
conditions and practices suitable to the greenhouse conduct of experiments involving recombinant or 
synthetic nucleic acid molecule-containing plants, plant-associated microorganisms, and small animals. 

For non-recombinant or non-synthetic nucleic acid work with plant, plant pests or plant material,  some 
resources available may include, but are not limited to, the APHIS’ Containment Facility Guidelines for 
Plant Pests, Pathogens, and Non-Indigenous Organisms; the Practical Guide to Containment: Plant Biosafety in 
Research Greenhouses (Dan Adair and Ruth Irwin); the ARS Facilities Design Standard-Chapter 9 Biohazard 
Containment Design; the CFIA Containment Standards for Facilities Handling Plant Pests; the NAPPO Guidelines 
for Construction and Operation of a Containment Facility for Insects and Mites used as Biological Control Agents; 
the American Committee of Medical Entomology’s Arthropod   Containment Guidelines.  
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CHAPTER 4:  EDUCATION, TRAINING AND COMPETENCY VERIFICATION 

Background 

Comprehensive staff training and education are essential components of an overarching life science’s 
quality management system, but also an effective employee safety and health program. Education efforts 
should begin even before an employee begins working in the laboratory. Training needs must be 
identified and should have defined objectives and a means of measuring the effectiveness of the training – 
sometimes called “competency evaluation.” Furthermore, all training, whether written or oral, must be 
provided at a level of complexity and in a language that employees can understand. Records of training 
must be maintained annually. It is important to note that records maintenance must meet USDA and other 
applicable Federal regulatory requirements, such as but not limited to, the FSAP, OSHA, EPA, DOT, and 
ISO. 

Laboratory staff must receive on-the-job training, mentorship, and performance verification. Knowledge, skills, 
and performance verification may consist of a combination of post-training written (or electronic) tests 
and hands-on mock exercises where the participant is able to demonstrate their knowledge, skills, and 
abilities. Laboratory Directors, Principal Investigators (PIs) and supervisors must ensure that staff have 
access to needed training and education and that they are evaluated to ensure proficiency. Some helpful 
resources are the CDC/APHL Guidelines for Biosafety Laboratory Competency; the AALAS Biosafety 
and Laboratory Biosecurity Competencies for Animal Technical and Management Staff; the WHO Global 
Laboratory Leadership Program (GLLP)- Laboratory Leadership Competency framework, which includes 
Competency on Biosafety and Biosecurity; and the CDC Guidelines for Safe Work Practices in Human 
and Animal Medical Diagnostic Laboratories. The Center for Food Security and Public Health (CFSPH) 
provides online education and training on animal diseases (including zoonotic, transboundary, and 
emerging animal health diseases) for veterinarians, veterinary health technicians, animal and public health 
professionals, and emergency responders. 

BRM, good microbiological practices and special practices, use of primary containment equipment, 
biohazardous waste, occupational health and medical surveillance, animal care and handling, as well as 
other education and training should be made available to employees, as appropriate. Education, training, 
and competency verification is offered in collaboration by supervisors or PIs, safety and health (S&H) 
staff, and can be supplemented by classroom or online courses offered by valid professional entities (e.g., 
ABSA, Eagleson Institute, AALAS, Baker, etc.). Employee training and competency verification records 
should be maintained to meet Federal or State regulations, and/or Departmental policies. Employee training 
records may be maintained in AgLearn. 

The evaluation of a worker’s proficiency or competence (knowledge, skills, and abilities) is an ongoing 
process where the Laboratory Director, supervisor (or PI), or work lead evaluates a worker’s training, 
instructions, qualifications, behavior, and health (the latter with the assistance of Occupational Health 
Services) to ensure its adequacy for the work to be performed. Worker training, competencies, and 
expertise, as well as employee’s health status, are also a component of the risk assessment. 

It is recommended, whenever possible, that initial training occur in a classroom setting; however, online 
training may be offered when classroom training is not feasible. Refresher training may be provided online 
as well. The Centers for Disease Control and Prevention (CDC) and the USDA Agricultural Research 
Service (ARS) have developed a baseline biosafety training library consisting of several training modules, 
the first 2 which are available on AgLearn for APHIS use. The other modules are required to be instructor 
led as they are more complex (and personnel should have the opportunity to ask questions in real time), 
and the series does not fully account for agricultural risk assessment concepts and issues (as outlined 
above). 
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Training Topics 

The following is a non-inclusive list of BRM-related training that should be made   available to staff. A 
site-specific risk assessment (RA) should be used to provide an indication of needed training, education, 
and competency verification. Likewise, the APHIS Job Hazard Assessment (JHA) may be helpful in 
identifying needed training. A RA methodology should be used when a JHA is performed. 

a. BRM. Anyone who works with biological materials of any risk level 
(e.g., arthropods [non-indigenous arthropods and disease vectors or 
pests], bacteria and rickettsia; Fungi; oomycetes nematodes; 
parasites; parasitoids; prions; toxins; viroids; viruses; other/ not 
taxonomically classified, or infectious substance, or any naturally 
occurring, bioengineered, or synthesized component of any such 
organism or infectious substance) should complete general BRM 
training and demonstrate proficiency, to include laboratory 
biosecurity for high containment or low containment laboratory 
facilities. Also, the USDA ARS, in collaboration with CDC, have 
developed a comprehensive biosafety training library, which 
includes modules on a number of topics, one of which covers IBCs   
and recombinant and synthetic nucleic acids. Some of these training 
modules are available on AgLearn for APHIS use. 

b. Risk Assessment Process and Quality. Personnel should receive RA 
and quality training on an ongoing basis, especially when tasks and 
procedures change. The RA needs to take into consideration both the 
work performed by employees and any additional risks when 
working with animals.  

c. High and Maximum Containment. When applicable, classroom and 
hands-on BSL-3 or higher specific training should be made 
available to personnel, preferably in a laboratory training facility 
where competency verification takes place. It is preferable that 
employees become competent in low containment before taking 
training in high containment. 

d. Biosafety Cabinets and other Primary Containment Devices. 
Personnel who work in a research or diagnostic laboratory setting or 
animal facility where biohazardous materials are handled require a 
basic understanding of primary containment such as biosafety 
cabinets for personal and environmental protection and prevention of 
contamination within the cabinet. The Eagleson Institute offers 
training on how to properly use biosafety cabinets. Likewise, 
biosafety cabinet manufacturers have readily available educational 
materials. 

e. Medical or Biohazardous Waste. Employees should be fully trained 
and familiar with proper handling and disposal of regulated or 
hazardous biological waste per Federal, State, and local regulations. 
Also, employees should be fully trained and competent in the proper 
use of specialized equipment like autoclaves, tissue grinders, or 
macerators. 

f. Safe Use of Autoclave Training. Regulated medical waste or non-
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disposable materials are sterilized before final disposal. Federal, 
State, or local regulations may apply. Personnel must be able to use 
autoclaves properly and safely. Documentation of use, and 
certification of autoclaves, must be maintained. Likewise, States may 
have additional regulatory requirements for pressure vessels such as an 
autoclave, which may have additional requirements. The NIH in 
collaboration with Dartmouth College have produced a       short video on 
“Safe Use of Autoclaves.” 

g. Bloodborne Pathogen (BBP) Training. Anyone who works with or 
may be exposed to human blood or blood products or to human 
materials (e.g., cells, tissues, or fluids) defined by the OSHA 
Bloodborne Pathogens Standard as other potentially infectious 
materials (OPIMs) must complete BBP training on an annual basis, as 
mandated by the OSHA BBP Standard. BBP training is available on 
AgLearn as well. Employees who handle animals or animal 
carcasses and bodily fluids, including blood, should be familiar with 
possible hazards associated with these. 

h. Packaging, Transportation, and Shipping of Infectious Substances 
Training. Those involved in the packaging, transportation, and 
shipping of infectious substances (to humans and/or animals), 
including completing forms such as the Declaration of Dangerous 
Goods form, must complete initial training and complete refresher 
training every 2 years. It is recommended that initial training is 
provided in a classroom setting; refresher training may be provided 
online. This course provides training and resources for personnel 
who work in research or diagnostic laboratories or animal facilities 
where cultures or specimens are packaged and transported via private 
carriers, particularly by air. U.S. Postal Service, DOT regulations, 
and IATA requirements must be followed. Only trained and certified 
shippers may prepare for transport and package biohazardous 
substances (to humans and/or animals) and/or specimens. There are 
several private courses offered throughout the United States (e.g., 
Saf-T-Pak), as well as online (e.g., Association of Public Health 
Laboratories [APHL], Saf-T-Pak, and others). 

i. Institutional Biosafety Committees (IBCs), and Recombinant and 
Synthetic Nucleic Acids Training. Training and resources for 
personnel who work in a research or diagnostic laboratory setting or 
animal facility who require a basic understanding of recombinant 
DNA or synthetic nucleic acids, gene transfer, Dual     Use Research of 
Concern (DURC), and the Role of Institutional Biosafety 
Committees (IBCs). The NIH Guidelines require work to be 
reviewed and approved by an IBC prior to commencement of 
laboratory activities and offer outreach and training resources. Also, 
the CDC and USDA ARS have developed a comprehensive biosafety 
training library, which includes modules on a number of topics, one 
of which covers IBCs   and recombinant and synthetic nucleic acids. 
These training modules are available on AgLearn for APHIS use. 

j. Working with Livestock in Biocontainment Training. Training   and 
resources for personnel who work in a research or diagnostic 
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laboratory setting involving use of livestock, including animal care. 
It provides basic understanding of risks inherent with various animal 
species, biohazardous materials and zoonotic diseases, personal 
protective equipment (PPE), proper animal handling, euthanasia, etc. 

k. Working Safely with Laboratory Animals, Animal Biosafety Level 
1-3. The American Biological Safety Association and the Elizabeth R. 
Griffin Research Foundation have put together videos describing the 
procedures animal handlers should follow when working at animal 
biosafety level 1, 2 or 3. Each video provides guidance on a wide 
range of topics including donning and doffing of PPE, 
decontamination of work areas, handling of animals, working with 
sharps, and transporting animals. 

l. Personal Protective Equipment (PPE). PPE-specific training must be 
made available to all employees who wear respirators, gloves, and 
other PPE, per OSHA requirements. 

m. Select Agent and Toxins Training and Dual Use Research of Concern. 
The Federal Select Agent Program (FSAP) has specific training and 
records retention requirements. Training may cover personnel suitability 
and reliability, inventory management and accounting, incident reporting, 
insider threat identification and reporting, and facility security procedures,  

n. Dual Use Research of Concern (DURC). Dual use research of 
concern (DURC) is          life sciences research that, based on current 
understanding, can be reasonably anticipated to provide knowledge, 
information, products, or technologies that could be directly misused 
to pose a significant threat with broad consequences to public health 
and safety, agricultural crops and other plants, animals, the 
environment, or national security. Additional information and 
training can be found at HHS’ Public Health Emergency Science 
Safety and Security 

o. Incident Response Training. This may include how to properly 
respond to incidents and incident reporting for events like exposures 
or suspect exposures, LAI, man-down, weather-related, spill 
response, loss of containment, and security incidents. 

p. Personal Quarantine. When working with hazardous biological 
materials or animals infected with zoonotic diseases, particularly 
High Consequence Animal Diseases not endemic in the US, 
employees must refrain from having contact with susceptible species 
for a specific amount of time, usually 5 days after working with 
animals and associated materials. The FSAP has issued specific 
requirements for personal quarantine after handling certain select 
agents or animals infected with these agents. 

q. Occupational Health Program, Services, and Counseling. Employees 
should receive training about these services, especially after having 
an exposure or suspecting an exposure to hazardous biological 
materials, including needlestick injuries, or sustaining an animal bite 
(e.g., rabies). OSHA and the FSAP many have specific regulatory 
requirements related to these services (e.g., Respiratory Protection 

https://www.phe.gov/s3/Pages/default.aspx
https://www.phe.gov/s3/Pages/default.aspx
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Program). 

r. Animal Care and Use. All PIs and Animal Care and Use Committee 
(ACUC) Members must receive training in animal welfare and the 
principles of the animal care and use. The USDA AWIC offers 
courses. 

s. Inventory Management and Accounting. Employees should receive 
initial and annual training on proper inventory management of 
working and stored stocks of hazardous biological materials, plant 
stocks, and animal use inventory per USDA Departmental 
Regulations, Federal Select Agent Program (FSAP) and animal 
welfare (AW) regulations, including the USDA National Pathogen 
Inventory (NPI). 

t. Incident and Emergency Response. Employees should receive initial 
and annual training on site-specific incidents and emergency 
response procedures, which may include but are not limited to, 
exposures or suspect exposures to hazardous biological materials, 
LAIs, animal bites, exposure to toxic plants, needlestick and sharps-
related injuries, weather-related events, breach of containment, 
airflow reversal, animal welfare extremists groups, PPE failure 
during use, and man down in high and maximum containment. 
Employees should also be trained and become familiar whenever 
updates to incident and emergency response procedures occur. 

u. Other Safety-related training.  Training, education, and competency 
verification on the safe use and handling of chemicals. Radiological 
and/or physical hazards training may need to be provided, if 
applicable. Additional training on specialized equipment should be 
provided to new employees and annually or more frequently after 
equipment changes. This may cover, but is not limited to APR doors, 
carcass hoist and trolley systems, proper use of penning and gating, 
and other facility features or equipment. 
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CHAPTER 5:  BIOSAFETY LEVELS 

Background 

The BMBL 6th Edition provides a summary on laboratory and vivarium biosafety levels. The ABSA 
International has developed a Risk Group database listing numerous pathogens that may infect humans, 
animals, or plants, as well as a laboratory-acquired infection (LAI) database that provides information as 
to causative agent of disease. These are great starting points in assigning initial biosafety levels. Other 
factors should be considered when finally determining adequate biosafety levels, as described in Chapter 
3 - Risk Assessment, Chapter 16 – Plant and Plant Pests Biosafety and Biocontainment, Chapter 17-
Arthtopods Biosafety and Biocontainment, and Chapter 19 – Agriculture Animal Research and 
Diagnostic Biosafety and Biocontainment. 

The recommended BSLs for certain organisms can be found in the BMBL’s Section VIII- Agent Summary 
Statements under        which hazardous biological materials or agents can be safely handled. With newly 
emerging organisms and those where information is not available in the BMBL, analogy with related 
organisms and information from reputable scientific sources online can be obtained. Also, information on 
animal diseases and zoonotic diseases can be found in the Center for Food Security and Public Health 
(CFSPH) Animal Diseases and Zoonotic Diseases technical fact sheets, National Center for Foreign 
Animal and Zoonotic Disease Center’s Quick Facts about Foreign and Endemic Animal Diseases, and 
U.S. Animal Health Association’s Foreign Animal Diseases, as well as others. As for research and 
diagnostic activities involving arthropods, the BMBL’s Appendix E-Arthropod Containment Guidelines 
(ACG) offers arthropod-specific biosafety and biocontainment practices and procedures. The BMBL’s 
Appendix I-Guidelines for Work with Toxins of Biological Origin provides biorisk guidance for handling 
toxins. Finally, Appendix J-NIH Oversight of Research Involving Recombinant Biosafety Issues provides 
an overview of biosafety considerations when using recombinant or synthetic DNA. 

Information on all organisms capable of causing disease may not be readily available as in the case of 
novel viruses; therefore, the PI and the IBC along with the Biosafety Officer must be prepared to perform 
risk assessments for these agents using the best available information (e.g., primary literature or data from 
the field). 

The RA needs to take into consideration both the work performed by employees and any additional risks 
when working with animals before a BSL is determined. 

With the 6th edition of the BMBL, new nomenclatures for containment facilities housing large 
agricultural or wildlife species has been developed: ABSL-2Ag thru ABSL-4Ag. Animals are loose-
housed or in open penning in animal rooms in these facilities because the use of primary containment 
devices is not feasible due to size of the animals. 
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CHAPTER 6:  FACILITY DESIGN, COMMISSIONING, ANNUAL VERIFICATION, AND 
DECOMMISIONING PROCESSES  

Background 

Facility design and construction, and safety equipment provide primary and secondary barriers that protect 
laboratory workers, persons outside the laboratory, the public, local agriculture, and the environment from 
potentially hazardous biological materials or agents that may be accidentally or intentionally released. 
These facilities may encompass laboratory, vivarium, or animal facilities, greenhouses, insectaries, 
nematode facilities, aquatic facilities, and others. The recommended secondary barrier(s) will depend on 
both the work performed by employees and any additional risks when working with animals and 
infectious organisms or agricultural concern.  For example, exposure risks in agriculture containment 
facilities may include direct contact with the agents (aerosol, splash, parenteral route, or vector 
transmission when arthropods are present), or inadvertent contact exposures through contaminated work 
environments. Secondary barriers in these laboratories may include separation of the laboratory work area 
or animal rooms or greenhouse from public access, availability of a decontamination equipment (e.g., 
autoclave), and hand washing facilities. Just as important, these secondary barriers are designed to prevent 
accidental release of agricultural pathogens, animals, plants or plant pests, or their vectors into the 
environment that could be detrimental to agriculture and cause economic loss or food insecurity. When 
designing highly complex facilities, it is important to consider physical security, energy design, 
accessibility design, mechanical, plumbing, heating, ventilating, and air-conditioning (HVAC), electrical, 
illumination, telecommunications, safety and health elements, vertical transportation systems, animal 
facilities (vivarium), animal welfare considerations, greenhouses, insectaries, pest control, and personnel 
usability.   

Other design features that may need to be considered, per site-specific risk assessment, may include 
laboratory or animal facility horizontal or vertical surfaces, whether these need to be sealed and how these 
are intended to be cleaned and decontaminated. Some examples may include epoxy floors, integral cove 
molding on the floor-to-wall transition; smooth sealed and monolithic floors, walls, and ceilings; ensuring 
all penetrations are sealed and verification occurs on a schedule, especially after renovations, and after 
gaseous or vaporized decontamination. It is incumbent upon occupants to be cognizant of these features 
and respect their role in containment and to report any damages sustained or suspected to their supervisor, 
biosafety officer, or safety staff. 

When the risk of infection by exposure to an infectious aerosol is present, or when the potential of a breach in 
containment and release into the environment may pose a significant threat to food security, trade, or economic 
loss to agriculture, higher levels of primary containment and redundant secondary barriers may become 
necessary to prevent infectious agents from escaping or prevent theft that could potentially be used for 
bioterrorism purposes. Such design features may include, but may not be limited to, specialized 
ventilation systems to ensure directional airflow, air treatment systems to decontaminate or remove agents 
from exhaust air (e.g., HEPA filters), liquid effluent decontamination systems (EDS), solid biohazardous 
waste decontamination equipment, equipment decontamination, controlled access zones, airlocks at 
laboratory entrances, or separate buildings or modules to isolate the laboratory, animal facility, 
greenhouse or arthropod facility. Other facility features to consider are integral cove molding on the floor-
to-wall transition, monolithic and sealed floors (e.g., epoxy sealed floors), sealed walls and ceilings, as 
well as sealed penetrations. 

Architects and Engineers (A/E), biosafety professional staff, end users, maintenance, and engineering 
staff, as well as others involved in the design and construction of laboratories, animal facilities, 
containment greenhouses, aquaculture, and insectaries or nematode facilities may refer to design guidance 
such as, but not limited to, the USDA Manual 242 “Facilities Design Standard,” the NIH Design 
Requirements Manual, the APHIS PPQ containment guidance, and other national guidance. Oftentimes, 
this guidance may overestimate facility’s requirements for a vast majority of APHIS activities (e.g., 
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sample collection, storage/pass through). As such, APHIS has begun an initiative to identify what is 
needed and that a RA of activities should guide facility design and use. It is important to note that design 
features must be driven by a laboratory- or site-specific risk assessment based on national guidance or 
regulatory requirements, if applicable. 

Commissioning and annual verification to measure operational status compared to design intent 

Facility commissioning (Cx) is a process of ensuring that all building systems, such as but not limited to, 
mechanical, electrical, plumbing, fire protection, and security systems, are in working order prior to 
turning the facility over to the owner. Cx criteria should be identified during the design phase for new 
construction, renovations, and expansions. In essence, Cx is a process tailored to ensure that the design 
intent of the planners has been adequately actualized in the final construction, as well as to provide final 
documentation of the “as built” building. This process entails coordinating the efforts of various parties 
involved in the design, construction, use, renovation, and operation of the facility to achieve an optimal 
performance of the facility, as well as assemble a multi-disciplinary team that includes safety and BRM 
professionals to train facilities and operations staff in order to ensure familiarity with the building and its 
systems, establish predetermined performance criteria at the design phase to ensure application of 
biosafety protocols and objective standards to construction performance, and anticipate the need to 
decontaminate and/or fully decommission the facility to allow for large maintenance evolutions or 
eventual final closure and demolition and compliant disposal. It is very important that the facility 
operations and maintenance (O&M) staff begin their involvement during the design process and 
progressively increase their involvement as construction progresses and be deeply involved with the 
commissioning process, including witnessing of functional and integrated system tests. The 
ASHRAE/IES Standard 202-Commissioning Process for Buildings and Systems, the ANSI/AIHA 
Laboratory Ventilation Z9.5 - Commissioning Tests, and the ANSI/ASSP Z9.14 (2020) - Testing and 
Performance Verification Methodologies for Biosafety Level 3 (BSL-3) and Animal Biosafety Level 3 
(ABSL-3) Ventilation are just a few available guidance resources. 

The Cx process is primarily tasked with the following objectives: ensuring systems operate efficiently and 
meet the user's operational needs as identified during design; discovering and resolving deficiencies 
before turnover; reducing maintenance costs by transitioning from Cx to a well-developed preventive 
maintenance program; reducing outages and downtimes with documentation of systems to allow for 
diagnosis of failures; providing well-documented and successful system tests; bridging the gap between 
design and functionality for critical systems,  such as HVAC systems; building automation systems 
(BAS), waste handling features, and life safety features; and ensuring operators are adequately trained 
with fully developed competencies. Several other elements may be considered based on design intent, 
such as describing both occupied and unoccupied operations and seasonal conditions (as applicable). 

A comprehensive commissioning report should be issued to the APHIS Biosafety Officer, Facility 
Biosafety Officer or Safety staff by the Commissioning Authority (CA) at the end of the process with an 
executive summary to recommend the acceptance of the facility. 

After the initial commissioning has been completed and facility has gone operational as intended, the 
biocontainment facility and systems should be verified for performance regularly on a predetermined 
basis (as determined by facility-specific risk assessment). Initial and periodic verification of 
biocontainment facilities, systems, and equipment is often driven by national, department, or agency 
standard, rule, regulation, or code, as well as site-specific environmental conditions (certain elements of a 
system should be verified more frequently than annually, while others could be less frequent). For 
example, BSL-3/ABSL-3 Overall Facility Verification and Annual Reverification is mandated by the 
Federal select agent regulations, State regulations (for example, annual verification for autoclaves as 
pressure vessels), industry standards (e.g., ANSI for BSCs, HEPA filters and BSL-3/ABSL-3 HVAC), 
and good practices. For many of APHIS activities performed in non-containment laboratories, a site-
specific or task-specific RA should be performed. Similarly, some equipment operation must be verified 
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for quality assurance on a periodic-basis, such as autoclaves, sterilizers, tissue digesters, effluent 
decontamination systems (EDS), also known as process-verification, with the use of chemical and 
biological indicators.  

Facility Closure, Renovation, and Decommissioning 

APHIS facilities are so varied in nature, whether research and diagnostic containment (medium, high, and 
maximum) facilities, low and maximum containment greenhouses, quarantine animal facilities, diagnostic 
field facilities, plant inspection facilities, to name a few, and each may have differing requirements for 
various activities.  A laboratory, animal or plant holding room, or whole facility closure process is 
recommended before formal decommissioning (DCx) takes place. The Facility Director and relevant 
leadership are responsible for ensuring that the following issues are appropriately addressed: (1) the 
transfer, decontamination, and disposal of biological materials and biological waste materials and (2) 
disinfection of equipment and laboratory surfaces and laboratory clearance are in compliance with all 
relevant USDA Policies (e.g. USDA DR 9630-001, “USDA Policies and Procedures on Biohazardous 
Waste Decontamination, Management, and Quality Controls at Laboratories and Technical Facilities”) as 
well applicable Federal (e.g. DOT Hazardous Material Regulations), State, and local regulations.  

The APHIS Biosafety Officer, location biosafety or safety and environmental staff, in collaboration with 
the location’s Facilities Division/personnel shall provide guidance, review, and consultation on laboratory 
decommissioning and biological clearance process. The location adjunct duty Biosafety Officer, or the 
local Safety and Environmental Staff, along with supervisor (or PI) and location leadership, will conduct 
a laboratory closeout inspection and review, and shall maintain a written copy for contractors and/or 
future laboratory space users. In the case of location closure or where APHIS will not continue to occupy 
the laboratory space, a copy of the written Laboratory Clearance Documentation shall be forwarded to the 
respective Location safety/biosafety staff and Facilities Division, the APHIS Biosafety Program. 

Before an investigator or researcher vacates laboratory space, it is recommended that they, in 
collaboration with the facility’s management and safety and health staff, ensure that no hazardous 
materials, including biological materials, are left behind in the laboratory and that first-stage laboratory 
DCx (removal of materials and environmental surveys of surfaces) has been conducted. Also, items left in 
an unsecured laboratory or facility are at risk of theft, diversion, and misuse.  All laboratory or facility 
equipment, fixtures, furniture, and space are to be cleaned and decontaminated using a validated method, 
per laboratory procedures. Laboratory equipment, fixtures, furniture, and space that has not been properly 
cleaned and decontaminated may pose a hazard to safety and health staff, movers, construction and 
renovation personnel, and future occupants. The ANSI/ASSP Z9.11 (2016), Laboratory 
Decommissioning, and the BSR/AIHA Z9.11-200x, Laboratory Decommissioning Standard, are just a 
few guidance documents. 

Laboratory materials (unused or used) may include, but are not limited to, chemicals, radioactive 
materials, hazardous biological materials including toxins, controlled substances, compressed gases, large 
equipment, mercury-containing monitors, etc. In the event of a departure, these materials may be 
transferred to another scientist or disposed of in compliance with applicable Federal or local regulations. 
The same procedure should occur with ancillary or shared laboratory spaces (e.g., cold rooms, incubators, 
freezers in hallways).  

All chemicals, biologicals, radioactive and their wastes must be properly identified and labeled for 
transfer or disposal. For those materials that are not identified by the user, there must be a plan to safely 
manage and dispose of them, as oftentimes it may not be possible to identify the materials, not to mention 
the amount of time and resources it takes in attempting to identify unlabeled materials. Materials that are 
not promptly removed from a vacated laboratory may be ineligible for redistribution or recycling, making 
disposal the only viable option which may increase overall costs. Disposal costs for unidentified materials 
are significantly more expensive than recycling or redistribution costs due to extra characterization and 

http://www.nssn.org/search/DetailResults.aspx?docid=429950&selnode=
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necessarily conservative handling.  

The users of facilities are responsible for ensuring that all hazardous materials (biological, chemical, or 
radiological), whether used or unused, are safely removed and the space has been appropriately 
decontaminated using a validated method according to the materials that were present. Users must 
document methods of disposal and decontamination including processes used, dates, and responsible 
persons. If select agents and toxins, radioisotopes, or other regulated materials were used, the designated 
responsible supervisor (or PI) or permit holder must comply with all regulatory requirements for the 
transfer and disposal of materials, as well as decontamination of spaces where these where handled or 
stored. This will require working with safety and health personnel, biosafety officer, environmental staff, 
regulatory body, radiation safety officer, and others, as necessary.  The radiation safety program will 
oversee the decommissioning of radioactive materials and other sources of ionizing or non-ionizing 
radiation. Some of these radioactive materials may be licensed under the Nuclear Regulatory Commission 
(NRC). Once users have documented that disposal and decontamination processes have been completed, 
safety and health personnel are responsible for verifying that the space is free from hazardous materials 
and contamination. It is recommended that safety and health personnel complete this verification in a 
timely manner and provide written documentation stating that the criteria necessary for the space to 
undergo construction, renovation, or facility closure or new occupancy has been met. Proper 
documentation is key in both laboratory closures and larger decommissioning. 

Critical pieces of equipment that may require proper decontamination and detailed clearance before 
removal may include, but are not limited to: 

• Animal feeders and waterers 
• Animal caging systems 
• Animal restraint devices 
• Autoclaves 
• Automated film processors  
• Biosafety Cabinets (BSC) 
• Centrifuges 
• Clean Benches (Horizontal or Vertical Laminar Flow) 
• Compressed Gas manifold delivery systems 
• Drug storage cabinets 
• Electron microscopes 
• Ethylene oxide sterilizers 
• Flammable or corrosives storage cabinets 
• Flow cytometers 
• Fume hoods 
• Gamma counters (or gamma detectors) 
• Glove boxes 
• High magnetic field equipment 
• Hoists 
• Incubators and water baths 
• Large-scale distillation apparatus or fermentation vessels and other glassware 
• Lasers - Class III or IV 
• Liquid scintillation counters (LSC) 
• Necropsy tables and equipment 
• Refrigerators and Freezers 
• X-ray equipment 
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Decommissioning (DCx) is a process to ensure that a facility and its associated infrastructure is free of 
any chemical, biological, radiological, or other hazardous materials and meets environmental, safety, and 
health requirements in order to prepare the area for unrestricted maintenance, scheduled renovation, 
relocation, or termination of research or diagnostic activities, and eventual building or facility demolition. 
In addition to the working spaces of the facility, DCx must consider support spaces such as waste piping, 
and/or unseen or historical renovations including underground storage tanks, hazardous substance storage 
areas, radioactive materials and storage, and spills of hazardous materials onto tiled or porous surfaces 
where spills can easily migrate. Environmentally stable substances, such as anthrax spores or tritium, 
should be considered in the assessment.   

Areas that may require focused examination may include plumbing systems in their entirety: 1) plumbing 
traps for residual mercury or other hazards, 2) plumbing piping which may be lead based, and 3) HVAC 
duct systems that may have never been fully decontaminated and may contain chemical, biological, or 
radiological hazards, or asbestos. Other hazardous materials that need to be addressed during the DCx 
process may include asbestos, polychlorinated biphenyls, lead and lead paint, and mercury and other 
heavy metals. If the duct system has ever conveyed perchloric acid vapors, special precautions and 
procedures will need to be taken for decontamination and removal of the ductwork, as perchloric residues 
can be an explosion hazard during demolition. 

DCx shall include an in-depth facility assessment by a qualified environmental professional approved by 
the institution and its safety and health representative. A risk-based approach for dealing with common 
contaminants and waste management which provides details for managing the presence of hazardous 
materials or exceptional circumstances is recommended. By performing a risk assessment of a laboratory, 
animal, or support space, this will ensure the safety and readiness for the: 1) demolition workers to begin 
work, and 2) next occupant. This plan is ideally created at commissioning (Cx) of the facility, and needs 
to address human, animal, and plant health and environmental protection, and meet the goals of the 
overall decommissioning process. Maintaining a complete record of all the uses of the spaces and 
hazardous materials that were used throughout the history of the facility is important for performing an 
accurate risk assessment and developing decontamination and decommissioning plans.   

During the DCx assessment, all design and maintenance documents, applicable permits concerning work 
in the space, and incident reports (e.g., spills) should be reviewed and a visual inspection of the site 
should be performed. The process would preferably involve sampling and analysis of identified hazards to 
ensure safety of the workers and the environment as the biocontainment barrier is repaired or intentionally 
breached. The assessment should result in a DCx plan for the facility, including all recommended 
procedures for decontamination. 

The DCx process may result in the production of demolition debris that requires special handling, either 
by regulation or permit. It is recommended that the demolition contractor provides a waste disposal and 
recycling plan for the demolition activity prior to mobilization on the site. This plan should identify each 
type of waste material to be generated by the demolition, and its terminal disposal pathway. The wastes 
should be classified as: hazardous waste, general waste, or recyclable waste based on their origin. For any 
material not recycled, the contractor shall include in the plan the reason that recycling is not feasible for 
environmental reporting purposes.  
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CHAPTER 7:  FACILITY EQUIPMENT 
 

Background 

Biosafety defines the containment conditions, or biocontainment, under which infectious agents, or 
animals, including arthropods or nematodes, or plants or plant pests can be safely stored and manipulated, 
mainly through the use of engineering controls used effectively. The main objectives of biocontainment 
are to confine hazardous biological agents and toxins, and reduce the potential exposure of the laboratory 
worker, persons outside of the laboratory, and the environment and agriculture thru primary, secondary 
and tertiary containment. For more information, refer to the BMBL. 

Biosafety Cabinets 

Biosafety Cabinets (BSCs) are specialized primary containment equipment with high-efficiency particulate air 
(HEPA) filters that provide personnel, environmental, and product protection when appropriate practices 
and procedures are followed. BSCs as well as other primary containment devices, should be tested and 
certified to ensure adequate performance. Additional information can be found in the BMBL 6th Edition, 
Appendix A “Primary Containment for Biohazards: Selection, Installation and Use of Biological Safety 
Cabinets” and the NSF/ANSI Standard 49 Biosafety Cabinetry: Design, Construction, Performance, and 
Field Certification. 

Burners and open flames are not required in the near particulate-free environment of a BSC. An open 
flame in a BSC creates turbulence that disrupts the pattern of HEPA-filtered air being supplied to the 
work surface and may cause fires. When deemed absolutely necessary, touch-plate micro-burners 
equipped with a pilot light to provide a flame on demand should be used. These burners will minimize 
internal cabinet air disturbance, heat buildup, and fire risk. The burner must be turned off when work is 
completed. Small electric "furnaces" are also available for decontaminating bacteriological loops and 
needles and are preferable to an open flame inside the BSC. Disposable or recyclable sterile loops should 
be used whenever possible. Seek assistance from the Biosafety Officer. 

 
Figure 4. Biosafety Cabinet’s Accidents 

(Source: Brookhaven National Laboratory, DOE) 
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The following are examples of burners and heaters that could be used in a BSC 
when other sterile techniques are not feasible: 

1. Burner: Touch-O-Matic Bunsen Burner. A simply depress ON/OFF 
platform with side of hand to release gas stream, continuous pinpoint 
pilot light ignites gas to produce full flame. Release platform and 
flame goes out to conserve gas. To produce continuous flame, 
depress platform, then  turn it slightly; reverse process to turn off 
flame. 

2. Heater: Bacti-Cinerator. Infrared heat chamber sterilizes loops, 
needles, and culture tubes in 5 to 7 seconds. It is suitable for 
anaerobic procedures in chambers and hoods. Electric heat source 
eliminates hazards from gas and open flames. Within 6 minutes of 
activation, the interior of the ceramic cone reaches an optimum 
sterilizing temperature of 815°C (1,500°F). A prominent light 
indicates when the unit is in operation. A weighted cast aluminum 
stand includes handy spaces for storage of six inoculating loop 
handles. Electrical: 120V, 50/60Hz. The unit must be UL listed 
(Underwriters Laboratories is a global safety certification company). 
The unit is not intended for use with scalpels, forceps, or sharp 
instruments. 

 

 
Figure 5. Electric Bunsen Burner and Bacti-Cinerator 

(Photo Courtesy of: Fisher Scientific and VWR) 

 

Negative Pressure Primary and Secondary Containment Enclosures (Not BSCs)  

Oftentimes, laboratory-related tasks can only be performed using specialized equipment that may 
generate aerosols such as cell sorters, cell analyzers, incubators, centrifuges, microscopes, and other 
laboratory equipment too large to be housed within a biosafety cabinet. In that event, custom-built 
negative pressure containment enclosures can be designed and built to capture aerosols and other airborne 
particulates emitted during laboratory procedures to protect workers at various laboratory environments. 
Before use, these enclosures must be properly commissioned, tested, and validated. These enclosures 
must be properly decontaminated with a validated method regularly. Note: these units are not BSCs; 
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therefore, don’t use them as a BSC. 

 

 
Figure 6. Benchtop primary containment enclosure 

(Photo Courtesy of: Biobubble®) 

 
Figure 7. Freestanding Containment Enclosure – Inward Airflow 

(Photo Courtesy of: Biobubble®) 
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Figure 8. Freestanding Primary Containment Enclosures 

(Photo Courtesy of: Biobubble®) 

 

 
 

Figure 9. Hybrid Freestanding Enclosure 

(Photo Courtesy of: Biobubble®) 
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Fume Hoods 

Fume hoods are enclosures or shaped inlets designed to conduct contaminated air into an exhaust duct 
system, or a filter that safely captures the contaminant. Fume hoods are generally used for control of 
chemical hazards, gas hazards, process emissions, odors, and heat. Fume hoods provide personnel 
protection. They do not provide product or environmental protection (unless specialized filtration is 
added). These hoods: 

a. Are not exhausted through HEPA filters and are used for most non-
biological laboratory airborne hazards or concerns. 

b. Can be used for chemicals, including biological toxins, but are not 
adequate for control of potential infectious biological aerosols or 
toxic particulate. 

c. Must be inspected and certified annually, per ANSI/ASHRAE 110, 
Methods of Testing Performance of Laboratory Fume Hoods, the 
velocity of the air at the face of the hood is measured with the sash 
half-open with results posted on a sticker and attached to the 
chemical fume hood. (Variable air volume (VAV) hoods maintain a 
constant face velocity at different sash heights. Researchers should 
close the sash as much as possible when conducting experiments.) 

d. Fume hoods that do not meet the minimum exhaust requirements 
during annual inspections are posted with a “DO NOT USE” sign 
and Facilities Maintenance is notified for repairs.  Once repairs have 
been made, fume hood shall be retested for proper operation. 

e. For procedures for proper use of fume foods, and perchloric acid 
hoods, refer to the Safety and Industrial Hygiene Sections in this 
APHIS Safety and Health Manual. 

 

 
 

Figure 10. Fume Hood 

(Source: USDA) 
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Figure 11. Fire in a Fume Hood 

(Source: Duke University) 

 

Glove Boxes and Controlled Gas Chambers (Not BSCs) 

Class III BSCs and controlled gas environment chambers are usually called “glove boxes.” Controlled gas 
chambers do not offer the protection factors that Class III BSCs do. Controlled gas chambers are used for 
things like dangerous chemical work that must be done under nitrogen or work with obligate anaerobes. 

Glove boxes can be used for work with particularly hazardous substances including select carcinogens, 
reproductive toxins, air reactive chemicals, and substances which have a high degree of acute or chronic 
toxicity. When correctly used, these units prevent vapors, gases, and particulates from escaping into the 
laboratory. 

Lab Ventilation 

Inward, single-pass (non-recirculated) directional airflow is established by exhausting a greater volume of 
air than is supplied to a given laboratory, animal facility or vivarium, or containment greenhouse, and by 
drawing makeup air from the adjacent space. This is optional at BSL-2 but must be maintained at BSL-3 
or higher. The air balance for the entire facility should be established and maintained to ensure that 
airflow is sustained from areas of least contamination to greater potential contamination. Design features, 
like directional airflow monitoring devices (e.g., magnehelic gauges, Baulin tubes, tell-tale), provide 
visual cues to laboratory personnel before entering containment spaces. Note that these features have their 
pros and cons, and that employees must be trained on how to use them.  

For BSL-4, ABSL-4, ABSL-4Ag, the air supply for personnel suits equipped with air lines or when Class 
III cabinets are used, is completely separate for the laboratory ventilation. High containment facilities 
may require HEPA filtration of exhaust air before releasing into the environment, per site-specific risk 
assessment. Likewise, HEPA filtration may need to be provided in air supply to prevent contaminants 
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from entering the facility through general ventilation, or in case a catastrophic airflow reversal was to 
occur. General room ventilation does not provide adequate protection against large quantities of 
carcinogenic or mutagenic hazardous gases, vapors, and aerosols.  

 

 
Figure 12. Directional Airflow (from least Contaminated to most Contaminated) 

(Source: USDA) 

 

All work with corrosive, flammable, odoriferous, toxic, or other dangerous materials must be conducted 
only in a properly operating chemical fume hood, gas cabinet, or glove box (refer to the Chemical Hygiene 
section in Safety and Health Manual). In special situations, vacuum systems are acceptable if a risk 
assessment has been performed and deemed safe. Ductless fume hoods are not acceptable (refer to the 
Industrial Hygiene Section for further information).  

For research or diagnostic work with hazardous biological materials or small infected animals, particularly when 
there is a risk of inhalation, or when large volumes are being manipulated, a certified BSC, ventilated 
animal caging system (for small laboratory animals), or cage change stations or animal transfer stations 
must be used as primary containment devices. When the use of a primary                   containment device is not 
feasible, a risk assessment must be performed and additional engineering controls and/or PPE, or special 
high containment facilities (e.g., ABSL-xAg) for large agricultural or wildlife animals may be needed.  

Design engineers for laboratories, animal facilities, and containment greenhouses, may refer to specific 
ventilation recommendations as found in the USDA Manual 242 “Facilities Design Standard,” 
“Laboratory Design Guide” published by the American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), and the ANSI/ASSE Z9-14 “Testing and Performance Verification 
Methodologies for Ventilation Systems for BSL-3 and Animal BSL-3 Facilities,” whichever applies. It is 
important to note that design features must be driven by a site-specific risk assessment. Also, the APHIS is 
currently developing “Laboratory Design Guidelines” that will help identify in what situations ventilation 
is needed. 

Small Animal Enclosures With HEPA Filtration and Changing Stations (as a primary containment 
device)  

Animal studies are frequently an integral part of agriculture research and diagnostic science activities. 
When these research animals are infected or carry biohazardous materials, especially zoonotic animal 
diseases detrimental to public health, agriculture, or the environment, they must be handled under 
containment. Research with small animals must be conducted in a BSC Class II, or higher, or using other 
engineering controls when the use of a BSC is not feasible (e.g., downdraft necropsy tables) or 
administrative controls when working in the field (e.g., working upwind when performing necropsies or 
other activities that may generate aerosols or splashes). Also, depending on the size of the animal species 
and the hazardous biological materials they carry, research animals may be required to be housed in 
special animal caging systems (primary containment isolators). Once a risk assessment has been 
performed and the BSL determined, research animals may be housed in: 

a. Partial containment caging systems, such as Horsfall units, open cages placed in 

Corridor 

(Clean) 

Laboratory 

(Most  

Contaminated) 
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ventilated enclosures 

b. Negative pressure bio-isolators, or individually vented caging systems equipped 
with HEPA-filtered and directional air circulation. Ventilated animal caging 
systems with HEPA filtration are tested and certified annually, in a similar 
fashion like Class II BSCs. 

c. Other adequate animal caging systems offering containment, as appropriate for  the 
animal species (e.g., poultry caging systems). 

Regulatory issues for animal housing differ according to species and are intended to account for physical, 
physiologic, and behavioral needs. Legal requirements for research animal housing are captured in the 
Animal Welfare Act (AWA) (Public Law 89-544) (APHIS 2002) and the Health Research Extension Act 
of 1985 (Public Law 99-158) (United States 1985). Additional guidance can be found in the Guide for the 
Care and Use of Laboratory Animals (Guide) (NRC 2011). 

 

 
Figure 13. Small Animal Caging Systems 

(Source: MedicalExpo.com) 

 

When working with animal caging systems and modern computerized metabolism systems, emergency 
power is absolutely critical. Because these systems require forced air, if the power to the fans is disrupted, 
the levels of ammonia, carbon dioxide, and relative humidity, and the temperature in the housing 
environment of the cages can rise very quickly, resulting in the death of animals. 

When working with static microisolators or IVC, a changing station is a critical tool to ensure that the 
cage-level containment is not compromised. Most changing stations are built with a laminar flow design, 

https://www.ncbi.nlm.nih.gov/books/NBK500449/
https://www.ncbi.nlm.nih.gov/books/NBK500449/
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where HEPA-filtered air is forced across the work surface, providing protection to the animals in the 
cage, and then captured and exhausted out through an additional HEPA filter to provide allergen 
protection to the animal housing room and the personnel working with the caging. The design can have 
the air flowing from the back of the unit, across the work surface, to the front of the unit, or it can have a 
top-down configuration, where the air is forced from the ceiling of the cabinet down onto the work 
surface and collected to be exhausted at the work surface. Both configurations provide excellent 
protection for the majority of rodent pathogens and allergens, although they do not provide appropriate 
guarantees of protection of the worker from possibly infectious zoonotic pathogens or from exposure to 
chemical contaminants, such as isoflurane. 

 

 
Figure 14. Laminar Flow Workstation 

Source: Management of Animal Care and Use Programs in Research, Education, and Testing. 2nd 
Edition. 

Weichbrod RH, Thompson GAH, Norton JN, editors. 
Boca Raton (FL): CRC Press/Taylor & Francis; 2018. 

 

When the size of the animal precludes the use of caging systems, as is the case of large agricultural 
animals or wildlife, and the risk assessment for the hazardous biological material calls for large animal 
containment facilities, facilities with enhancements known as ABSL-2Ag, ABSL-3Ag, and ABSL-4Ag 
may be needed. Large agricultural animals and wildlife used in research are loose-housed or maintained in 
open penning where the room or facility serves as the primary biocontainment barrier. Additional 
information can be found in the BMBL 6th Edition Appendix D “Biosafety and Biocontainment for 

http://www.crcpress.com/
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Pathogens Affecting Agricultural Animals that are Loose-Housed or in Open Penning”, as well as USDA 
Manual 242 “Facilities Design Manual.” 

Clean Benches or Laminar Flow Hoods (Not BSCs) 

Laminar flow hoods or clean benches are present in a number of laboratory facilities. These provide a 
very clean environment for work products but must be used only for the manipulation of non-hazardous 
materials. Since these devices do not provide personnel or environmental protection and the operator sits 
in the downstream exhaust from the clean bench, this equipment must never be used for the handling of 
toxic, infectious, or sensitizing materials, including volatile chemicals, cell culture materials (except plant 
cell cultures), or drug formulations. 

 
Figure 15. Horizontal and Vertical Laminar Flow Clean Bench 

(Source: CDC/NIH BMBL 6th Edition) 

 

Downdraft Necropsy Tables 

Doing a full necropsy or collecting samples in a research setting is a common task in the research 
vivarium or field. However, this activity generates additional risk to the workers doing the procedure 
because of increased potential for cuts and needlesticks during the process and the potential for exposure 
to pathogens (commensal or experimental) that the animal may contain. When possible, use a downdraft 
table or other similar ventilated engineering control appropriate for the species and procedure to draw 
infectious aerosols away from the face and breathing zone. When this option is not available, a 
combination of other facility features and PPE must be put in place to address the hazards present in the 
necropsy, based on the site-specific RA. Special considerations should be made in large animal necropsy 
(power tools, cutting with force, opening calvarium for rabies Dx, etc.). For field necropsies where use of 
large primary containment engineering controls is not feasible, a combination of PPE and special 
practices, like working upwind, should be used. 
 
Special tables designed to hold animal carcasses during necropsy and other procedures may be tailored 
for specific animals and may include a built-in downdraft ventilation system which pulls air, aerosols, and 
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other contaminants away from users, providing another layer of protection. The built-in downdraft 
ventilation system is connected to the building exhaust, which is HEPA-filtered. 

 
Figure 16. Downdraft Workstation and Table 

(Photo Courtesy of Geneva Scientific) 

 

Equipment Connected to Building Vacuum System  

House vacuum systems that are equipped with vacuum traps are used to evacuate air from containers, 
enclosures, or lines that contain hazardous biological materials. These should be equipped with a HEPA 
filter (or equivalent filter)  to prevent hazardous biological materials or aerosols from being sucked 
inadvertently into the vacuum line. HEPA filters must be replaced regularly, per site-specific risk 
assessment. 

Autoclaves, Incinerators, Tissue Digesters & Effluent Decontamination Systems  

For information on autoclave use, and decontamination, disinfection, and sterilization, refer to Chapter 
10-Decontamination, Disinfection and Sterilization Chapter in this Manual. 

Centrifuges 

Rotational energies involved with most centrifuges can generate two serious hazards: mechanical failure 
and dispersion of aerosols or droplets. This section describes general           classes of centrifuges, and general 
operation and maintenance guidelines to minimize centrifuge hazards. Elements of these guidelines may 
or may not be applicable to specific                        centrifuge operations. Manufacturers will often provide safety 
information and training on site at no or minimal cost. Before procurement of these laboratory equipment 
is finalized, be sure to request that the manufacturer provide training to staff.  
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Figure 17. Centrifuge with Safety Cups, Loading in a BSC and Spill Cleanup 

(Source: USDA) 

 

 
Figure 18. Centrifuge and Rotor Accident 

(Photo Courtesy of: MIT) 

 

There are three general classes of centrifuges. 

• Low-speed centrifuges that do not exceed 5,000 rpm are commonly 
made for bench-top use. 

• High-speed centrifuges that do not exceed 25,000 rpm may include 
benchtop or floor models. 

• Ultracentrifuges that may exceed 100,000 rpm are often found in core 
equipment areas. These centrifuges are the most expensive and 
potentially      the most dangerous. 

 

Centrifugation Operation Guidelines - Before centrifugation, each operator must: 

(1)  Review and be instructed on proper operating procedures  and 
necessary information from the user manual. 

(2)  Use only rotors compatible with the centrifuge. Check the 
expiration                                         date for ultracentrifuge rotors as rotors may become 
compromised due to wear and tear. Most centrifuge manufacturers 
inspect rotors with specialized equipment upon request. 

(3)  Check tubes, bottles, and rotors for cracks and deformities before 
each use. Keep a rotor log. 

(4)  Make sure that the rotor, tubes, and spindle are dry and clean. If a 
rotor must be chilled before use, ensure it is free  from 
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condensation before loading and placing it into the centrifuge. 

(5)  Inspect O-rings. Replace if worn, cracked, or missing. 

(6)  Fill tubes in the BSC when centrifuging hazardous biological 
materials. Never overfill centrifuge tubes (do not exceed  three-
fourths full). 

(7)  Cap tubes before centrifugation. Wipe down tubes and rotors that 
contain a biohazard with a suitable disinfectant before removing 
them from the BSC. 

(8)  Balance buckets, tubes, and rotors properly. Improper balancing 
may result in an incident. Higher operating speeds require greater 
precision when balancing. 

(9)  Check that the rotor is seated on the drive correctly, put lid on 
rotor, secure the lid on the centrifuge, and secure it. 

(10) When using swinging bucket rotors, make sure that all buckets are          
hooked correctly and move freely. 

During centrifugation, each operator must: 

(1) Keep the lid always closed during operation. Never open a 
centrifuge until the rotor has stopped. 

(2) Not exceed safe rotor speed. 

(3) Not leave the centrifuge until full operating speed is attained and 
appears to be running safely without vibration. 

(4) Stop the centrifuge immediately by engaging the braking 
mechanism if an unusual condition (e.g., noise or vibration) begins, 
and rebalance the load, if needed. A loud noise may indicate 
significant mechanical failure such as rotor or container breakage. 
Report other unusual conditions to the supervisor or Principal 
Investigator or Laboratory    Manager. Evaluation by a manufacturer’s 
representative may be needed. 

After centrifugation, each operator must: 

(1) Allow the centrifuge to come to a complete stop before opening.  

(2) Wear gloves to remove rotor and samples. 

(3) Assess for run failure each time.  

Upon signs of a run failure or tube failure when RG-2 or higher agents are 
used and route of exposure is through droplet or aerosols, evacuate area 
and follow proper precautions. Acquire the necessary PPE, disinfectant, 
and other necessary supplies to perform spill cleanup. Allow for aerosols 
to settle before returning to perform cleanup and work safely in the 
laboratory. Consider air change calculations specific to the laboratory 
ventilation to determine how long it takes for aerosols to settle. 

(4) Wash hands after removing gloves. 

Centrifuging hazardous biological materials. Each operator must follow the safety procedures noted above, 
plus: 
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(1) Place a biohazard label on the centrifuge. 

(2) Wear gloves when handling tubes or rotors. 

(3) Avoid the use of celluloid tubes with biohazards. If celluloid tubes must       
be used, an appropriate chemical disinfectant must be used to 
decontaminate them. NEVER autoclave cellulose (celluloid) tubes. 

(4) Use sealed safety cups, safety buckets, or sealed rotors with correctly sized 
O-ring as secondary containment. Note: Certain activities, such as 
spinning blood samples taken from wildlife to serum (where the risk may 
be low) may not necessarily warrant the use of safety cups. Perform a 
task-based risk assessment. 

(5) Fill centrifuge tubes, load into rotors, remove from rotors, and open tubes      
within a biosafety cabinet. 

(6) Wipe exterior of tubes or bottles with proper disinfectant (based on risk 
assessment) prior to loading into rotor or bucket. Seal the rotor or bucket, 
remove outer gloves, and transport to the centrifuge. Wait at least 10 
minutes after the run to allow aerosols to settle before opening the 
centrifuge. Check for possible spills or leaks 

(7) Decontaminate centrifuge interior, safety cups or buckets, and rotors if 
spills or tube breakage occurs. 

(8) Per site-specific risk assessment, centrifuge may be fitted with a HEPA 
filter. 

Centrifuge Maintenance Guidelines. Moisture, chemicals, strong cleaning antimicrobials,    and other 
substances can promote corrosion of centrifuge parts and cause centrifuge failure. Long-term centrifuge 
use may also cause centrifuge failure. The following are general maintenance recommendations: 

(1) Follow manufacturer instructions for maintenance and cleaning. 

(2) Keep the centrifuge clean and dry. 

(3) Clean up all non-hazardous spills immediately with proper disinfectant. 

(4) Decontaminate rotors used with hazardous biological or radioactive 
materials (e.g., use    10% bleach for 30 minutes followed by 70 percent 
ethanol; let air-dry to clean rotors and cups). Use other disinfectant when 
called upon by risk assessment.  

(5) Never clean rotors and associated parts with abrasive wire brushes. 

(6) Store the rotor upside down in a dry place, with lids or plugs removed, to 
prevent condensation. 

(7) Remove adapters after use. Inspect them for corrosion. 

(8) Inspect rotors regularly. Remove rotors from use if they show any signs of         
defects. Report the defective rotors to a manufacturer's representative for 
inspection. Most centrifuge manufacturers inspect rotors with specialized 
equipment upon request at no cost. 

(9) To avoid rotor failure, record the length of time and speed for each high- 
speed rotor in a “logbook.” Track and discard rotors according to the 
manufacturer's recommended schedule. 
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Other Physical Containment Equipment  
 

In the greenhouse, arthropod, or nematode facility, various types of physical primary containment 
equipment are used, such as but not limited to the Negative Pressure Bench-top containment Unit or the 
mesh-caging box as shown below. Nematode containment facilities have specialized equipment. 

 

 
 

Figure 19. Other primary containment devices used in a greenhouse facility 

(Photo Courtesy of A Practical Guide to Containment, D. Adair & R. Irwin) 
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CHAPTER 8:  LABORATORY PRACTICES 
 

Good Laboratory Practices 
 
Good Laboratory Practices (GLPs) involve the use of aseptic techniques, standard microbiological 
practices, and special practices (if applicable). These practices and techniques achieve two objectives: 

a. Prevent handled hazardous biological materials and organisms from 
contaminating the laboratory and potentially infecting personnel. 

b. Prevent hazardous biological materials and organisms in a laboratory 
environment from cross contaminating the work. 

The first objective is primarily important for the safety of the worker, while the second objective is mostly 
important for the quality of the science. 

The principles of GLPs should generally be applied to all types of work involving microorganisms and 
tissue cultures, regardless of containment level. For more information, refer to the Biosafety in 
Microbiological and Biomedical Laboratories 6th Edition and other relevant guidance. 

Special Practices  

A task-specific risk assessment may call for additional practices. Refer to the Biosafety in Microbiological 
and Biomedical Laboratories (BMBL) for  BSL, ABSL, and ABSL-Ag -2 through -4 special practices. 
From an agricultural and public health standpoint when dealing with known or potential zoonotic 
diseases, personal body showers (showering out before leaving an animal room or containment facility), 
may be required especially at ABSL-3, ABSL-3Ag, ABSL-4, or ABSL-4Ag level, per site-specific risk 
assessment. A combination of personal showers and personal quarantine, where an employee refrains 
from having contact with susceptible species for a specific amount of time after handling infected animals 
in research, are part of animal or plant health biosecurity efforts to prevent spread of disease outside 
containment. 

To ensure laboratory biosecurity for those working in BSL-4, ABSL-4, and ABSL-4Ag and some BSL-3, 
ABSL-3, and ABSL-3Ag facilities, especially for laboratories handling BSATs, it may be necessary to 
have in place self- and peer-assessments pertaining to fitness-for-duty.  

Handwashing 

The CDC has developed educational materials concerning effective handwashing, which can be accessed 
by visiting their website at CDC.gov. In general, handwashing should occur after handling contaminated 
materials, infected animals or carcasses, after removal of gloves, before eating or drinking, and should 
consist of: 

a. Use soap and running water. Warm-to-hot is best (workers may skip or 
shorten the amount of time needed for effective handwashing if water is too 
cold). 

b. Wet hands and lather with soap. 

c. Rub all surfaces of the hands vigorously for at least 10-15 seconds as you 
wash them. 

d. Pay attention to the backs of the hands, wrists, between fingers, cuticles, and 
under fingernails. 

e. Rinse hands thoroughly under running water. 
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f. Dry hands with disposable paper towel. 

g. Turn off tap with used paper towel. Consider using paper towel to handle 
bathroom or laboratory doorknobs to prevent contaminating hands. 

h. When soap and running water are not readily available, alcohol-based hand 
sanitizers may be used. Because hand sanitizers are not very effective at 
removing or killing microorganisms, ensure you wash hands with soap and 
water as soon as feasible. Also, do not rely on using hand sanitizers too 
frequently as skin may become too dry and break open. Skin is a natural 
barrier that protects us. When it breaks open, the barrier is compromised, and 
microorganisms may find their way into our bloodstream much easier. 

 

 
Figure 20. Handwashing with soap and running water 

(Source: CDC) 

 

Sterile or Aseptic Technique and Prevention of Cross-Contamination (Quality of Science) 
 

An aseptic technique is a procedure used to grow a microorganism or culture of interest in a clean micro-
environment isolated from the outside world. This micro-environment is     usually some sort of culture or 
holding container such as a flask, bottle, or petri dish. The     organisms or cells can either be on a solid agar 
medium or be suspended in a broth, diluent, or other fluid medium. 

Examples of aseptic techniques include ensuring all components of the system are sterile    prior to use (e.g., 
container interior, growth medium, and any items used in manipulation) and using special care and 
techniques to avoid cross-contamination during the inoculation, incubation, and processing steps. They 
also include: 

a. Keeping the container closed except for the minimum time 
required to introduce or remove materials. 

b. Holding open containers at an angle whenever possible to prevent 
contaminants from entering the container. 

c. Protecting sterile containers from contamination and working 
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with these containers inside a BSC. If needed, consider aligning 
tubes and plates with the laminar airflow in the cabinet to 
prevent cross-contamination between vessels inside the BSC. 
When working outside a BSC, a Bunsen burner may be used to 
flame the opening of the container whenever tops are removed 
(i.e., passing the opening quickly through the Bunsen flame). 
The upwards current of hot air created by the Bunsen burner 
prevents contaminated air or particles from dropping into the 
culture container when the lid is open. 

Note: Do not use a Bunsen burner inside a biosafety cabinet 
(BSC) for it does cause airflow disruption, may cause a fire, and 
could potentially damage the BSC’s HEPA filter. Alternatives 
exist, such as a micro-incinerator. If the use of a Bunsen burner 
is absolutely necessary, consult with the Agency Biosafety 
Officer or Safety and Health staff. 

d. Using manipulation techniques that minimize the possibility of cross- 
contamination (e.g., opening lids with the little finger so that tops are 
not set down on the work surface, ejecting pipette contents against the 
side walls of tubes and other vessels to minimize splashing and aerosol 
generation, using measured, gentle, and steady pressure to eject pipette 
contents to minimize splashing and aerosol generation). Also, surface 
decontaminate vessels and tools brought into and out of sterile zone to 
prevent cross-contamination. 

e. Ensuring that all surfaces and tools (e.g., pipette tips or loops) or other 
items that may come in  contact with the culture are sterile and not 
contaminated by casual contact with the bench, fingers, or outside of 
the bottle. Also, ensure these items are disposed of or decontaminated 
immediately after use. 

In addition to aseptic technique, GLP includes a wide range of other working methods that minimize the 
cross-contamination of the work and workplace, as discussed earlier in this chapter. 

Personal Hygiene and Dress 

a. Wash hands prior to and following manipulations of organisms or 
cultures, and whenever contamination is suspected.  

b. Tie back or confine loose or long hair. Long hair may become tangled 
or caught in equipment. 

c. Do not touch your skin, face, or unclean or non-sterile surfaces. 

d. Keep fingernail tips at a length of one-quarter inch or shorter. Nails 
grown too long nails may puncture gloves. 

e. Wear closed-toe shoes. 

f. Wear long pants, especially if corrosive chemicals are used or handled. 

 

Area Cleanliness and Organization  

a. Keep the laboratory and work area clean and organized. Cluttered 
workspaces contribute to incidents or accidents in the laboratory and 
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are attractive to vermin and pests. 

b. Keep only items necessary for the task in progress on the bench or in 
the BSC. This practice avoids unnecessary clutter that may collect 
contaminants, assists in surface disinfection and spill cleanup, and 
decreases the probability of items getting knocked over. Consider 
having extra gloves, wipes, and disinfectant wash bottles handy to 
minimize the number of times you must move hands in and out of 
work area. 

c. Plan and lay out work so that everything needed for a procedure is 
ready to be handled in a logical order with minimized potential for 
cross-contamination. This practice will allow the worker to sit at the 
BSC and handle the items efficiently using aseptic techniques.  

d. Use appropriate chemical antimicrobials (e.g., disinfectants) and 
decontamination procedures, per laboratory-specific risk assessment. 

e. Wash hands and disinfect work surfaces before and after work. 

f. Immediately clean spills, and then disinfect the work surface, change 
gloves, and wash hands. When it comes to large spills, evacuate 
everyone in the laboratory or room. Report spill to supervisor and 
safety and health staff. Follow instructions or SOP already in place to 
remediate large spills of hazardous biological materials, which may 
include using proper disinfectant, PPE, absorbent material, and waste 
container or waste bag for hazardous biological materials. 

g. Organize the work area when work is complete. 

h. Avoid storing items on the floor. This practice allows the cleanliness of 
the floor to be viewed, allows all parts of the floor to be cleaned 
routinely, eases spill cleanup or cleanup following leaks or flooding, 
prevents tripping hazards, prevents vermin, and protects government 
property. 

i. Routinely clean water baths to minimize microbial colonization or 
contamination of the water. 

j. Routinely clean laboratory surfaces such as open shelving, benchtops, 
windowsills, and    items on them to prevent accumulation of dust and 
debris. Store infrequently used items in cabinets and drawers. 

k. Routinely clean floors and difficult-to-access areas to prevent buildup 
of dust and debris. 

l. Routinely clean sink faucets and basins. 

m. Identify areas and systems in the laboratory and support areas (e.g., 
wash and autoclave) for storage and staging of dirty, contaminated, 
clean, and sterilized items. Ensure everyone understands and follows 
the system. 

n. Periodically review items stored in refrigerators and freezers and on 
shelves and benches.      Dispose of items that are no longer needed. All 
items stored in refrigerators, freezers, and on benches should be 
properly labeled. All biological materials, including hazardous 
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biological materials being stored should be inventoried. Additional 
inventory requirements may apply for regulated materials, including 
select agents and toxins. 

Biosafety Cabinets (BSCs) and Airborne Contamination  

a. Use a BSC when needed to protect biological research or diagnostic 
materials from cross-contamination, when procedures with a potential for 
creating infectious aerosols or splashes are conducted, or when handling 
large volumes of hazardous biological materials.  

b. Minimize personnel traffic and unnecessary movements around the 
work area or inside the BSC. Such movements also disturb clean 
laminar airflows inside BSCs responsible for containing aerosols and 
protecting biological materials. 

c. Additional guidance may be found in Chapter 7 in this document and 
the BMBL. 

Manipulation Techniques for Minimizing Aerosols 

Manipulation techniques should be used to minimize the possibility of producing aerosols. Examples may 
include: 

a. Mixing by gentle rolling and swirling rather than vigorous 
shaking to avoid frothing. 

b. Pipetting by putting the tip into a liquid or onto a surface 
prior to gently ejecting the pipette contents to avoid 
bubbling and splashing. 

c. Placing containers in very close proximity to each other when 
transferring liquids between them to avoid drops that fall and 
splash. 

d. Use sterile disposal loops whenever possible. If flaming or 
incineration is necessary, allow loops to cool down after 
incineration (or flaming) and before using the loop to avoid 
sizzling. 

e. Not overfilling centrifuge tubes to avoid leakage into centrifuge. 

f. Slowly removing tube caps or stoppers to avoid splashes. 

g. Not popping caps off tubes to avoid splashes. 

h. Carrying and storing cultures (e.g., bottles and 
plates) in racks and spill-proof containers to prevent 
dropping and breakage. 

i. Open lyophilized containers or frozen containers 
slowly to prevent splashes. 

j. Glass ampoules should be handled with care to 
prevent glass breaking and causing puncture 
wounds. 
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Figure 21. Pipette tip at an angle when discarding fluid to minimize splashes. 
(Source: USDA) 

 

 

Safe Work Practices (and Biosafety Guidelines) in Human and Animal Medical Diagnostic 
Laboratories  

Functions, such as but not limited to, microbiology, chemistry, hematology, and pathology with autopsy 
and necropsy and their respective occupational safety and health risks, in human and animal diagnostic 
laboratories need to be evaluated and risks mitigated. 

The CDC-convened Biosafety Blue-Ribbon Panel "Guidelines for Safe Work Practices in Human and 
Animal Medical Diagnostic Laboratories" provides additional information. 

Additional information can be found in Chapter 19 – Agriculture Animal Research and Diagnostic 
Biorisk Management in this manual.

http://www.cdc.gov/mmwr/pdf/other/su6101.pdf
http://www.cdc.gov/mmwr/pdf/other/su6101.pdf
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CHAPTER 9:  PERSONAL PROTECTIVE EQUIPMENT 
 

Background 

Personal protective equipment (PPE) is clothing or equipment worn by workers to protect the worker from 
injury by hazardous biological materials, and other chemical, radiological, or physical hazards, and to 
protect research materials from cross-contamination. PPE is determined by site- or task-specific Risk 
Assessment, and may include foot, hand, eye, face, body, and respiratory protection. PPE must be 
procured, stored, retrieved, used, maintained, and disposed of in accordance with OSHA regulations, 
industry standards, and location-specific PPE policies to prevent the spread of contamination and 
accidental exposure, which may lead to an occupational infection, also known as a Laboratory-Acquired 
Infection (LAI). Note that sometimes counterfeit, salvaged, or expired PPE may make it into mainstream 
procurement sources whereby they may appear to be legitimate. PPE as the sole risk mitigation strategy 
should only be considered when engineering controls and administrative controls are found to be 
inadequate or not feasible. Refer to the Industrial Hygiene section in the APHIS Safety and Health 
Manual for more information on the use of PPE for non-biological hazards. 

The following PPE requirements are related to BRM: 

a. Site-specific, or task-specific, PPE requirements must be 
established for all laboratories, animal facilities, quarantine 
facilities, or greenhouses, and must be posted on the biosafety 
placard (e.g., risk communication) posted at the entrance to the 
laboratory room, animal room, greenhouse, or greenhouse section, 
and quarantine area. Minimum PPE for laboratories where 
hazardous biological materials are stored or handled may include 
gloves, laboratory coat, eye or face protection, long pants, and closed-
toe shoes. Other PPE may be necessary, per site-specific risk 
assessment. 

b. Activity- or operation-specific PPE requirements are assessed by the 
supervisor, PI or laboratory manager in collaboration with the facility 
Biosafety Officer, safety and health staff, and/or industrial hygienist. 
Identify what PPE must be     used (e.g., safety glasses, respirators), any 
maintenance (e.g., laundering) or disposal requirements, as well as 
personnel training, education, and competency. Training must include 
the minimum required elements by OSHA (i.e., PPE must be 
provided free of cost, in different sizes, etc.) and include detailed, 
site-specific donning and diffing procedures. 

c. Contaminated PPE, including protective clothing, must not be removed 
from the facility and taken home. PPE and/or protective clothing must 
be laundered (reusable items) or disposed onsite (disposable items) 
according to the facility policy. PPE must be removed and left in the        
laboratory, vivarium, quarantine facility, or greenhouse before leaving 
for non- laboratory areas (e.g., cafeteria, library, and administrative 
offices). 

 

General Requirements and Conditions for Use of PPE Related to Biosafety  

The supervisor or PI, is responsible for: 
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a.   Determining what PPE is required to prevent occupational exposure 
based on recommendations from a JHA or RA. OSHA may require 
annual PPE risk assessment when a full JHA is not performed. 

b.   Providing the required PPE at no cost to the employee. The PPE must 
be readily available    in appropriate sizes. 

c.  Training employees on use and maintenance of the PPE. Competency 
verification following training, and annually thereafter, must take place 
to ensure employees are fully knowledgeable and can perform tasks 
needing PPE in a safe manner.  

d. Re-usable PPE must be properly decontaminated, maintained and 
stored properly after each use. 

e.  Ensuring that employees and visitors properly use, store, and dispose of 
PPE according to facility policy. 

The Biosafety Officer (BSO), Safety and Health Branch (SHB), as well as the location’s safety 
and health staff, are available to assist supervisors or PIs in performing a risk assessment and 
evaluating work activities and selecting appropriate PPE. 

a. Employees and visitors are responsible for using PPE when required 
and whenever    the work poses a reasonable probability of injury or 
exposure. If necessary, they must be trained to do so in order to 
keep themselves and others safe. 

b. In general, used or potentially contaminated PPE must be 
decontaminated after use with appropriate disinfectant, per risk 
assessment, or disposed of in accordance with APHIS’ 
medical/biohazardous, hazardous, and radiological waste 
management requirements. 

 

Body Protection 

Protective laboratory clothing is a garment such as a laboratory coat, gown, smock, or uniform designed 
to keep personal clothing, forearms, or other exposed bodily surfaces protected from contamination by 
hazardous biological materials or exposure to other hazards. The term "protective laboratory clothing” 
typically applies to garments worn in the laboratory but may also apply to garments worn in non-
laboratory work areas, such as but not limited to, vivarium, greenhouse, quarantine facility, animal or 
arthropod facility, and other hazardous environments. When determining the need and type of protective 
laboratory clothing, tasks and their associated risks as well as, other factors must be considered. The 
following biosafety criteria are applicable to wearing protective laboratory clothing: 

a.   Protective laboratory clothing should be worn to prevent 
contamination of personal clothing, skin, or mucous membranes 
when working at BSL-1 or higher. 

b.   Protective laboratory clothing must be worn when working at BSL-2 
or higher, or when working with RG-2 or higher, as well as other 
hazardous materials. This clothing must be removed before entering 
public areas (e.g., cafeteria, library, administrative offices). Always 
follow your facility and/or laboratory-specific protective laboratory 
clothing policy. 

c.  Decontaminated before re-use and before laundering, or use of 



 

82 
 

disposable laboratory clothing. 

Protective laboratory clothing removed after use at BSL-2 or higher must be handled in one of the 
following ways: 

a. Placed in a laundry bag or container for cleaning. Cleaning may 
occur in-house or via external laundry service. 

b. Disposed of in accordance with the location’s medical or 
biohazardous, hazardous, and radiological waste management 
requirements. 

c. Stored for reuse, if not contaminated with hazardous biological 
materials or chemicals, or decontaminated in such a way that it is 
safe for repeated use. 

Protective laboratory clothing and other laundry contaminated with RG-2 or higher hazardous biological 
materials, including laundry contaminated with “Other Potentially Infectious Materials (OPIMs) as 
outlined in the Bloodborne Pathogens (BBP) standard, should be handled as follows: 

a. Handled as little as possible with a minimum of agitation. 

b. Bagged or containerized at the location where it was used. 

c. Bags or containers must have biohazard labels, are identified by an 
alternative laundry labeling or color-coding system that uses 
universal precautions. 

d. Placed and transported in bags or containers that prevent soak-
through or leakage of    fluids to the exterior if the laundry is 
sufficiently we to cause that concern. 

e. Reusable PPE, such as laboratory coats, can be laundered on-site 
provided safety precautions are followed. 

Eye and Face Protection  

Eye protection is a safety device such as safety glasses with side shields or goggles worn   over the eyes to 
prevent injury to the eye or exposure to hazardous biological agents. Face protection is a safety device 
such as a face mask, face shield, or other splatter guard worn over all or part of the face to protect the face 
from injury or exposure to hazardous biological agents. 

Eye and face protection is used by laboratory, vivarium, greenhouse, quarantine facility, and other 
workers to protect the eyes and face from splashes, splatters, or flying debris and hand-eye contact with 
biological materials. Contact by these means may result in injuries to the eyes and face or accidental 
inoculation via the eyes, nose, or mouth and    subsequent infection and disease. 

The risks noted above are prevented by using eye and face protection in accordance with    the following 
requirements: 

a. Eye protection must be worn when conducting procedures that have 
the potential to   create splashes of hazardous biological materials or 
other hazardous materials (e.g., chemicals). 

b. Eye and face protection (e.g., goggles, face mask, face shield, or 
other splatter guard) must be used when it is anticipated that 
splashes, sprays, splatters, or droplets of infectious or other 
hazardous materials may be generated and could contaminate the   
eyes, nose, or mouth (e.g., when RG-2 microorganisms must be 
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handled outside the BSC or containment device). This eye and face 
protection must be included in the risk assessment and disposed of 
with other contaminated laboratory waste or decontaminated per risk 
assessment before reuse. 

 
 

Figure 22. Eye Protection Using Safety Glasses 
(Source:  OSHA) 

 

Hand Protection 

Hand protection is a glove or other safety device used on the hand to prevent injury to the hand or direct 
skin contact with hazardous biological materials. Hand protection is used by laboratory and other workers 
to protect the hands from harmful physical, chemical, biological, radiological, or other agents or hazards 
which can enter the bloodstream through cuts, lacerations, abrasions, or burns, absorption, to prevent these 
from reaching the bloodstream. Although there are relatively few microbes (e.g., some helminths) that can 
penetrate unbroken skin, there are many circumstances that may cause a break in the skin, such as a cut or 
puncture from a used or contaminated Sharp (e.g., needlestick injury). In the case of hazardous biological 
materials, gloves may prevent the worker’s hands, fingers, and nails from being contaminated. Spread of 
biological contamination from the worker’s exposed hands or contaminated gloves to the worker’s 
mucous membranes or other “points of entry” may also cause infection and disease in the worker or other 
people. 

Glove selection may need to consider protection of the worker from different hazards or serve multiple 
purposes. The following criteria are applicable to glove selection, use and  disposal: 

a.   Glove selection should be based on a site- or task-specific risk 
assessment. Use of standard nitrile or latex examination gloves is 
considered adequate for handling most hazardous biological 
materials at BSL-1 to BSL-3. The need for gloves with any 
additional safety features should be documented in the risk 
assessment. 

b.   Gloves at BSL-4, ABSL-4, ABSL-4Ag are different in nature. A suit 
lab uses cannery gloves, usually, for the suit, and a cabinet lab uses 
integrated gloves on the Class III BSC. 

c.    Alternatives to latex gloves should be available because some 
workers are known to develop allergic reactions to latex. Exposures 
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to latex may result in skin rashes; hives; flushing; itching, nasal, eye, 
or sinus symptoms; asthma; and (rarely) shock. 

d.   Cut-, bite-, and scratch-resistant gloves may be needed when 
handling animals, including wildlife, or sharps, per risk assessment. 

e. Gloves should be made available in different sizes. 

f. Use of chemical resistant gloves may be identified in the risk 
assessment. 

When working with hazardous biological materials, workers should remember the following: 

a. Change gloves when contaminated, when their integrity has been 
compromised, or when otherwise necessary to minimize risk of 
cross-contamination or exposure. Wear two pairs of gloves when 
appropriate. Should the outer gloves become compromised, simply 
remove them, dispose of them accordingly, and don a new pair of 
outer gloves. 

b. Remove gloves prior to exiting laboratory or facility Gloves must 
not be worn outside the laboratory. 

c. To minimize the potential for contaminating hands while doffing 
gloves, follow doffing methods that minimize the contamination of 
hands. One example is the "Beaking Method.". For a step-by-step, 
refer to the Queen’s University Safety Bulleting. 

d. Wash hands with soap and water after removing gloves. when work 
with hazardous biological materials has been completed and before 
leaving the laboratory. 

e. Do not wash or reuse disposable gloves. Dispose of used gloves 
with other contaminated laboratory waste. Hand washing protocols 
must be rigorously followed. 

Foot Protection  

Footwear appropriate to the worker’s work activities and conditions must be always worn. In laboratories; 
animal, aquatic, and arthropod facilities; and greenhouses; or areas where chemical or biological materials 
are stored or handled, closed-toe shoes must be always worn. Open-toe shoes and sandals are not 
permitted. In some cases, workers may be required to wear facility-dedicated shoes, or safety shoes for other 
hazards such as handling large animals, falling heavy objects, or operating heavy or large machinery. Risks 
should be defined broadly – a slip-resistant boot may be necessary when washing down animal areas or 
snake-bite resistant boots may be needed for field work in certain areas of the country, for example. 

 

Respiratory Protection, Respirators, and Face Masks 

Workers who handle large volumes of hazardous biological materials, conduct procedures that may generate 
aerosols containing infectious agents, or handle small research animals that may carry infectious agents. An 
employee may develop allergies to animal dander or urine. Occasionally workers in the greenhouse or 
quarantine facility may need respiratory protection when a risk assessment identifies aerosolization 
hazards. When considering respiratory protection, workers must use engineering controls such as BSCs or 
enclosed containment systems, whenever feasible. Otherwise, PPE such as respirators may be recommended 
to avoid inhaling hazardous biological materials. There are important differences in the design, purpose, and 
requirements of different respirators. Employees wearing respiratory protection must be enrolled in a 

https://youtu.be/449402TVTho
https://www.queensu.ca/geographyandplanning/sites/dgpwww/files/uploaded_files/COVID-19%20Research%20Forms/Safety%20Bulletin%20-%20Glove%20method.pdf
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Respiratory Protection Program that is in compliance with all OSHA requirements. APHIS does have a 
Respiratory Protection Program in place. Contact the APHIS and/or Facility Industrial Hygienist for 
additional information. 

In general, a BSC should be used as the principal containment device in laboratories to    contain infectious 
splashes or aerosols generated by numerous microbiological procedures. Other engineered containment 
devices such as safety centrifuge cups should also be used. When engineering controls are not feasible or 
appropriate for the work, respirators may be needed to provide respiratory protection (e.g., potential 
exposure to airborne transmissible hazardous biological materials). 

A respirator is a device designed and certified to protect the wearer from the inhalation of harmful 
components of atmospheric gas, aerosols, or droplets. A respirator may be a required respiratory control. 
Examples of respiratory protection may include: 

a. Negative-pressure, air-purifying respirator. 

b.   Filtering facepiece respirator (e.g., N95). 

c.   Positive-pressure respirator (e.g., Powered Air Purifying Respirator 
(PAPRs)). 

d.   Supplied Air Respirators and Self-Contained Breathing Apparatus 
(SCBA). 

e.   Face mask (not a respirator). 

 

 
 

Figure 23. Filtering Facepiece Respirator, Personal Air-purifying Respirator (PAPR) and Face Mask (not 
PPE) 

(Source: OSHA) 

 

The following requirements are applicable to respirator uses, regardless of why the respirator is worn: 

a. The respirator must be issued and worn in accordance with the APHIS Respiratory 
Protection Program. A medical clearance, fit testing, and annual training and 
competency verification are required before an employee can wear a respirator. 

b. A risk assessment for the respirator must be documented if the respirator use is related 
to the handling of hazardous biological materials. 

Note: Voluntary use of a filtering facepiece that is not a required respiratory control requires a hazard 
evaluation a, but unlike other required respirator uses, does     not require a medical evaluation, fit testing or 
training. For further guidance, consult: https://www.osha.gov/laws-
regs/regulations/standardnumber/1910/1910.134AppD 
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Other Body Protection (Positive-Pressure Supply-Air Suits)  

BSL-4, ABSL-4 and ABSL-4Ag are laboratories or animal facilities handling or storing the most 
dangerous and exotic agents that pose a high individual risk of aerosol-transmitted laboratory infections 
and life-threatening diseases that are frequently fatal, agents for which there are no vaccines or 
treatments, or work with a related agent with unknown risk of transmission. In a BSL-4, ABSL-4 and 
ABSL-4Ag suit laboratory or animal facility, personnel wear a positive-pressure supplied-air protective 
suit. There are various types of positive-pressure supplied-air suits in the market used by maximum 
containment laboratories around the world at present (may vary over time): the Delta (French) suit, the 
ILC Dover (Blue) suit, and the HvO German suit. They all have their pros and cons to consider. Comfort, 
sturdiness (ability to sustain repeated chemical decontamination showers), and commercially-availability 
are the biggest factors to consider in the selection. Daily inspections of essential containment and life 
support systems are completed and documented before laboratory work is initiated to ensure that the 
laboratory is operating according to established parameters. All procedures are conducted by personnel 
wearing a one-piece, positive-pressure supplied-air suit. The breathing air systems have redundant 
compressors, failure alarms, and emergency back-up capable of supporting all workers within the 
laboratory to allow the personnel to safely exit the laboratory. A chemical shower is provided to 
decontaminate the surface of the positive-pressure suit before the worker leaves the laboratory. In the 
event of an emergency exit or failure of the chemical shower system, a method for decontaminating 
positive-pressure suits, such as a gravity-fed supply of chemical disinfectant, is provided. Refer to BMBL 
6th Edition for additional information. 

 

 
Figure 24. Positive-Pressure Suits 

(Source: USDA) 
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CHAPTER 10:  DECONTAMINATION, DISINFECTION, INACTIVATION AND 
STERILIZATION OF HAZARDOUS BIOLOGICAL MATERIALS 
 

Background  

Decontamination, sterilization, disinfection, and inactivation (for further use) procedures implemented in 
a research or diagnostic environments (laboratory or fieldwork) vary widely, depending on the 
capabilities of the facility and the hazardous biological materials being handled. Hazardous biological 
materials and biohazardous waste (solid or liquid waste) generated at research and/or diagnostic 
laboratories, vivaria, greenhouses, arthropod or aquatic facilities, or quarantine facilities must be 
decontaminated or sterilized prior to final disposal or discharge. Similarly, waste associated through the 
course of responding to a major animal health emergency such as the incursion of a foreign animal 
disease (FAD) or a natural disaster, including culled animals and animal carcasses, must be disposed in 
accordance with APHIS guidelines, as well as State or local waste disposal regulations.  

Decontamination, sterilization, and disposal of biohazardous wastes should be conducted in accordance 
with applicable USDA, Federal, State, local, facility and/or host nation environmental standards. 
Regulations and national guidance include: the USDA DR 9630-001 USDA Policies and Procedures on 
Biohazardous Waste Decontamination, Management, and Quality Controls at Laboratories and 
Technical Facilities, the BMBL Appendix B – Decontamination and Disinfection of Laboratory Surfaces 
and Items, the list of selected Environmental Protection Agency (EPA) registered disinfectants, the EPA 
Regulated Medical Waste, the Federal Select Agent Program (FSAP) Guidance on the Inactivation and 
Removal of Select Agents and Toxins for Future Use, the NIH Guidelines for Research involving 
Recombinant or Synthetic Nucleic Acid Molecules (NIH Guidelines), the Occupational Safety and Health 
Administration (OSHA) when personnel exposure to harmful chemicals may be of concern, and in the 
case of animal health emergencies, the APHIS National Animal Health Emergency Management System 
provides guidance regarding cleaning and disinfection (C&D), and disposal during animal health emergencies, 
including waste handling and disposal of animal carcasses. Hazardous biological materials known or 
suspected to be contaminated with the bovine spongiform encephalopathy (BSE) agent or another 
transmissible spongiform encephalopathy (TSE) agent should be disposed of according to    protocols 
specific for those agents. 

 
Figure 25. Biomedical Waste Receptacles and Segregation 

(Photo courtesy of DOT) 
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Biohazardous waste must be segregated from general trash. Suitable containers must be used for intended 
treatment. U.S. Department of Transportation (DOT) regulated waste material to be transported offsite on 
public roads must be packaged, marked, labeled, and shipped in accordance with DOT hazardous 
materials regulations (49 CFR Parts 171-180). 

Types of waste that may be generated may include: 

a. Cultures, stocks of etiologic or infectious agents, and associated biologicals (including 
but not limited to all etiologic or infectious agents, whether designated as pathogens or 
not) 

b. Carcasses, body parts, and bedding from animals exposed to pathogens in research 
and/or diagnostics, or that are used for diagnostics and may naturally harbor pathogens  

c. Plant specimens or debris, seeds, or soil exposed to plant pathogens, infectious 
material, insects or nematodes under a plant pest permit (APHIS PPQ permits), exotic 
plant germplasm, or plant materials and associated pests  

d. All contaminated and uncontaminated sharps  

e. Laboratory wastes 

f. Human or animal blood, blood products, and body fluids (and tissues), including 
solidified blood and body fluids  

g. Prions  

h. Biological select agents and toxins 

i. Multi-hazardous waste 

Cleaning is the removal of gross contamination from a surface to the extent necessary for further 
processing for intended use. Cleaning is often an essential prerequisite to disinfection or sterilization 
processes to ensure the optimal activity of the antimicrobial effects of disinfectants or sterilization 
processes.  Decontamination renders an area, device, item, or material safe to handle in the context of 
being reasonably free from a risk of disease transmission. The primary objective of decontamination is to 
reduce the level of microbial contamination so that transmission of infection is prevented. The 
decontamination process may involve the cleaning of an instrument, device, or area with ordinary soap 
and water. In laboratory settings, decontamination of items, used laboratory materials, and regulated 
laboratory wastes is often accomplished by a sterilization procedure such as steam autoclaving, which 
may be the most cost-effective way to decontaminate a device or an item. Disinfection is generally a less 
lethal process than sterilization. Disinfection eliminates nearly all recognized pathogenic microorganisms 
but not necessarily all microbial forms (e.g., bacterial spores) on inanimate objects, whereas sterilization 
makes any item, device, or solution completely free of all living microorganisms and viruses. Sterilization 
is accomplished when any item, device, or solution is completely free of all forms of living 
microorganisms, including spores and viruses. This definition is categorical and absolute; an item is either 
sterile or it is not. Sterilization can be accomplished by dry or moist heat, gases and vapors (e.g., chlorine 
dioxide, ethylene oxide, formaldehyde, hydrogen peroxide, methyl bromide, nitrogen dioxide, ozone, 
propylene oxide), plasma sterilization technology, and radiation (e.g., gamma, e-beam in industry). 
Sterilization is a carefully monitored process that will assure that the probability of an item being 
contaminated by a microbe to be equal to or less than one in a million (1:1x106).  

Biohazardous waste must be decontaminated before final disposal. Follow your facility’s biohazardous 
waste policies and procedures. Most of the waste can be autoclaved prior to disposal. The responsibility 
for decontamination and proper disposal of biohazardous waste lies with the producing facility (e.g., 
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laboratory or unit). All biohazardous waste   needs to be packaged, contained, transported, and stored in a 
way that protects and prevents the waste from release at any time at the producing facility prior to ultimate 
disposal. 

When waste is to be disposed offsite, all applicable Federal, State, and local regulations must be followed. 
Whether final disposal occur onsite or offsite, recordkeeping is essential. For additional waste regulatory 
requirements, refer to the Environmental section of the APHIS Safety & Health Manual. 

Chemical Disinfectants  

Chemical decontamination renders the agent harmless using antimicrobial disinfectants or sterilants. 
Current technologies for chemical (antimicrobial) decontamination fall into three categories: liquids, 
foams and gels, and gases and vapors. Chemical disinfectants are regulated by the EPA under the Federal 
Insecticide, Fungicide, and Rodenticide Act (FIFRA). It is important to note chemical disinfectants must 
be used, stored, and handled according to manufacturer’s specifications. Also, surfaces must be cleaned 
where organic materials are removed prior use of chemical disinfectants, and proper contact time with 
chemical disinfectant must be adhered to in order to achieve proper decontamination. Oftentimes, 
chemical disinfectants are used in foot baths before and after exiting animal housing areas to prevent 
introducing or spread of infectious diseases. 

1) Chlorine dioxide (CD) 

2) Ethylene oxide (epoxyethane, ETO)  

3) Formaldehyde (H2CO) 

4) Vapor Phase Hydrogen Peroxide (VPHP) 

5) Propylene oxide (epoxy propane)  

6) Methyl Bromide is a broad-spectrum fumigant used to control insects, weeds, rodents, 
and pathogens. 

7) Propylene oxide (epoxy propane) is an alkylating agent that is widely used for industrial 
applications such as the disinfestation and sterilization of agricultural products, 
including spices, nuts, and other food products. 

 

 
 

Figure 26. Selected EPA-Registered Disinfectants 

(Source: EPA) 

https://www.epa.gov/pesticide-registration/selected-epa-registered-disinfectants
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Other factors to consider when determining chemical disinfectants are the safety and health hazards 
associated with them and implementing risk mitigation strategies by utilizing adequate engineering 
controls, administrative controls, and PPE to ensure the health and safety of employees. Employees who 
handle chemicals must have access to the chemicals’ Safety Data Sheets (SDS) and be provided adequate 
PPE. Employees must also receive adequate training and have demonstrated competency in the proper 
use, handling, storage, and disposal of each chemical used. The APHIS Chemical Hygiene Plan must be 
followed. Contact your location safety and health staff or APHIS Industrial Hygiene officer. Likewise, 
proper disposal of the chemicals is paramount to protect the environment. Contact your location 
environmental staff or the APHIS Environmental Program Manager. 

When determining the proper chemical disinfectant to use, one must first determine whether the pathogen 
or hazardous biological material is susceptible or resistant to the chemical disinfectant to be used. 
Additional factors that should be considered when selecting a disinfectant may include but may not be 
limited to: 

• The minimum contact time (and if it will work in the application the user wishes to use it in)  

•  Level of efficacy (i.e., ideally 1E6 killing most of the time) 

• The “matrix” (a.k.a. material) surrounding or encapsulating (biofilms) any biological agents 
that they are seeking to destroy or inactivate and the ability of the matrix to adsorb, or 
otherwise diminish the activity of the disinfectant 

• Chemical compatibilities of the disinfectant with respect to the surfaces present and other 
potentially reactive chemicals present 

• Shelf life and environmental storage conditions for optimal efficacy 

• Safety and health concerns, including SDS and training, proper storage, ventilation, engineering 
controls and PPE 

• Environmental safety or reporting concerns with respect to disinfectant that may be spilled or 
otherwise released to the environment 
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The below charts may be useful when determining which chemical disinfectants to use.  

 

 
 

Figure 27. The Antimicrobial Spectrum of Disinfectants 

(Photo courtesy of: The Center for Food Security and Public Health in partnership with USDA) 

 



 

92 
 

 
 

Figure 28. Characteristics of Selected Disinfectants 

(Photo courtesy of The Center for Food Security and Public Health in partnership with USDA) 

 

Autoclaves, Dry Heat Incineration, Radiation, Alkaline Hydrolysis and Tissue Digesters, Tissue 
Grinders or Macerators, and Liquid Waste Effluent Decontamination Systems and Other 
Equipment  

Autoclaves  

Usually, the most effective and widely used method of physical decontamination is steam sterilization 
(autoclaving). Steam sterilization under pressure is universally used in the conduct of biological research 
and diagnostic for the sterilization of hazardous biological waste prior to final disposal, or sterilization of 
glassware, except when steam penetration (e.g., carcasses, large amounts of liquid) or heat and moisture 
damage is a concern.  

Autoclaves are essentially steel pressure vessels that use pressurized steam, usually 15 PSI (1.05 kg/cm2), 
to achieve a chamber temperature of at least 121°C (250°F), which is effective at inactivating most 
microorganisms and proteinaceous bacterial and plant toxins over a period of time. Depending on the load 
characteristics, including the nature of the hazardous biological material to be sterilized, different 
temperatures and timeframes may be necessary. Because autoclaves are pressure vessels, they may be 
required to be inspected and certified annually, per State or local requirements. Follow proper safety 
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precautions when using autoclaves, such as but not limited to, allowing the autoclave to completely cool 
down, and wearing proper PPE such as laboratory coat and thermal gloves to prevent steam or heat-
related injuries. Also, it is recommended to install an exhaust hood canopy over steam autoclaves to 
exhaust moisture generated and prevent mold buildup. Follow manufacturer’s instructions when using the 
autoclave. Only fully trained personnel who have demonstrated competency should be permitted to load 
or operate an autoclave, and laboratory or program supervisors are responsible for providing and 
documenting autoclave operator training. 

 

 
 

Figure 29. Various Types of Autoclaves and Steam Exhaust 

(Source: USDA) 

 

 
Biohazard bags or autoclave bags should conform with the ASTM D 1709 Standard Test Methods for 
Impact Resistance of Plastic Film by the Free-Falling Dart Method and ASTM D 1922 Tear Resistance 
Test Method. Autoclave bags are usually bright orange color and bear the biohazard symbol to denote 
caution. Note: check your State or local hazardous waste regulations. Biohazard bags or autoclave bags 
should be sealed and containerized in leak-proof and puncture-resistant secondary containment 
appropriate for treatment or transport. Autoclave bags used in steam sterilization should be loosely closed 
during autoclaving to allow for steam circulation within the bag. If autoclave bags contain dry waste, 
~250 mL of water should be added before closing. Bags should never be grabbed by the sides when 
taking in or out of secondary containment. Allow autoclave to fully complete cycle and cool down before 
attempting retrieve processed autoclave bag. Wear appropriate PPE (e.g., heat resistant gloves), if needed. 
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Autoclaves should not be overloaded and should allow for steam circulation inside the chamber. When 
autoclaving material containing agar, be aware agar is likely to melt and potentially boil over. If it is not 
contained in an appropriate autoclave tub, agar can run into the drain and solidify. Likewise, when using 
tubes, ensure to use high heat-rated poly tubes which can withstand heat. 

 

 
 

Figure 30. Autoclave bag in Secondary Container Loaded unto Autoclave 

(Source: USDA) 

 

 

Safety concerns: Never put solvents, volatile or corrosive chemicals (e.g, phenol, chloroform, bleach), or 
radioactive materials in autoclave. 

 
 

Figure 31. Chemicals that should never be autoclaved 
(Source: USDA) 

 

Validation of effectiveness of autoclave kill cycle includes monitoring temperature, pressure, and cycle 
duration time for each cycle and providing periodic quality assurance challenges, such as using biological 
indicators (BIs) and/or chemical indicators (CI). Geobacillus stearothermophilis is recommended for 
steam sterilization, B. subtilis for dry ovens or autoclaves without steam, and B. atropheus for ethylene 
oxide sterilizers. Place BIs in the center of autoclave bag using an easily retrievable line (e.g., heat 
resistant fishing line) and test following manufacturer’s specifications. 

http://www.goodsearch.com/%09%09%09%09%09%09%09%09Image.aspx%09%09%09%09%09%09%09%09?imgurl=http://www.sightunseen.co.uk/clients/germchase/bleach.jpg%09%09%09%09%09%09%09%09&thurl=http://mud.mm-a5.yimg.com/image/3104375316%09%09%09%09%09%09%09%09&rurl=http://www.sightunseen.co.uk/clients/germchase/detergent.htm%09%09%09%09%09%09%09%09&tt=302%09%09%09%09%09%09%09%09&no=20%09%09%09%09%09%09%09%09&name=bleach.jpg%09%09%09%09%09%09%09%09&w=120%09%09%09%09%09%09%09%09&h=168%09%09%09%09%09%09%09%09&size=6.2%09%09%09%09%09%09%09%09&type=jpeg
http://www.goodsearch.com/%09%09%09%09%09%09%09%09Image.aspx%09%09%09%09%09%09%09%09?imgurl=http://www.actsofvolition.com/images/pesticides.jpg%09%09%09%09%09%09%09%09&thurl=http://mud.mm-a4.yimg.com/image/2893921470%09%09%09%09%09%09%09%09&rurl=http://forum.japantoday.com/m_277767/mpage_2/key_/tm.htm
http://www.goodsearch.com/%09%09%09%09%09%09%09%09Image.aspx%09%09%09%09%09%09%09%09?imgurl=http://www.ehs.umaryland.edu/images/hazards/radioactive%20materials.jpg%09%09%09%09%09%09%09%09&thurl=http://mud.mm-a7.yimg.com/image/3818583936%09%09%09%09%09%09%09%09&rurl=http://onanymous.blogspot.com/2005_06_01_onanymous_archive.html%09%09%09%09%09%09%09%09&tt=1146%09%09%09%09%09%09%09%09&no=8%09%09%09%09%09%09%09%09&name=radioactive%20materials.jpg%09%09%09%09%09%09%09%09&w=150%09%09%09%09%09%09%09%09&h=203%09%09%09%09%09%09%09%09&size=42.8%09%09%09%09%09%09%09%09&type=jpeg
http://www.goodsearch.com/%09%09%09%09%09%09%09%09Image.aspx%09%09%09%09%09%09%09%09?imgurl=http://www.iconofile.com/images/products/phenol_md.jpg%09%09%09%09%09%09%09%09&thurl=http://mud.mm-a4.yimg.com/image/2951159724%09%09%09%09%09%09%09%09&rurl=http://www.iconofile.com/detail.asp?PRODUCT_ID=500:1200%09%09%09%09%09%09%09%09&tt=2458%09%09%09%09%09%09%09%09&no=19%09%09%09%09%09%09%09%09&name=phenol_md.jpg%09%09%09%09%09%09%09%09&w=240%09%09%09%09%09%09%09%09&h=240%09%09%09%09%09%09%09%09&size=4.5%09%09%09%09%09%09%09%09&type=jpeg
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Figure 32 Biological Indicators 

(Source: Dartmouth College) 

 

Validation of autoclave temperature and pressure using thermocouples placed in various locations of the 
autoclave chamber should be performed annually to assess the temperature uniformity and gauge 
accuracy. Perform verifications for temperature and time daily using appropriate chemical indicators  

 

 
 

Figure 33. Chemical Indicators 

(Source: Steris) 

Ionizing Radiation 

Ionizing Radiation is known as a cold sterilization process since sterilization can be achieved at room 
temperature. There are two technologies currently in use: electron-beam (E-beam) technology and γ- 
irradiation. Regardless of the method used, the primary means of inactivating organisms is to disrupt 
DNA chains by secondary energetic species (e.g., free radicals, electrons). The typical dose required for 
sterilization of bacterial spores is reported as 2.5 megarads. When radiation is used, ensure appropriate 
training, safety equipment (including radiation dosimeters), and PPE are provided prior working with 
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radioactive materials. Contact the USDA Radiation Safety Office for assistance prior any work in the 
planning phase and before any work is done. Follow USDA Radiation Safety protocols for the use and 
proper disposal of radioactive materials and.  

When using radiation as a method for inactivation for further use (e.g., inactivation of anthrax so it could 
be manipulated at lower containment), ensure adequate validation of the inactivation process to make sure 
it is effective, uniform, and repeatable. Refer to Section IV on inactivation for further use in this chapter. 

Dry Heat Incineration Systems 
Dry heat incineration systems use high-temperature combustion to burn pathological and other medical 
wastes and reduce the waste materials to non-combustible ash. A variety of incinerators can be used to 
incinerate hazardous biological waste, but controlled air incinerators are most commonly used. 
Incineration systems are usually regulated by the State and operators must be trained and certified, per 
State regulations. 
 

  
Figure 34. Examples of Old and New Technology Incinerator Systems 

(Source: USDA) 

 

Alkaline Hydrolysis Tissue Digesters and Renderers 
Alkaline hydrolysis is a process by which complex molecules are broken down into their constituent 
building blocks by the insertion of ions of water (H2O), H+, and OH- between the atoms of the bonds that 
held those building blocks together. The process occurs in nature when animal tissues and carcasses are 
buried in soil of neutral or alkaline pH and in our small intestines after we eat. Alkaline hydrolysis can 
also be used for disposing of waste biologic tissues and animal carcasses by subjecting the waste to strong 
alkali and heat under pressure. It is recommended to properly commission the unit, as well as process 
validate using biological indicators (BIs) or other adequate methods before use.  
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Figure 35. Alkaline Hydrolysis & Tissue Digester 

(Source: USDA) 

 

 
Ground Floor View Lower Level View (front) Lower Level View (rear) 

 

Figure 36. Animal Carcass Renderer 

(Source: USDA) 

 

Effluent Decontamination Systems 

According to the BMBL, an Effluent Decontamination System (EDS) is only required for facilities 
operating at BSL‐4, ABSL‐3 Ag, or ABSL‐4 Ag. However, a site-specific risk assessment may drive the 
decision to have an EDS on-site (for example, where GMOs are present, in containment greenhouse 
where exotic plant diseases or plant pests are handled, where waterborne pathogens like SARS-CoV-2 are 
present, or where high consequence or foreign animal or plant diseases are present). When considering an 
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EDS, certain costs should be considered, including the costs for procuring and storing chemicals, energy 
use, personnel, and handling and disposal of by-products, etc. As a best management practice, ensure you 
have at least a 2-week supply of chemical disinfectants and neutralizer.  

There are various types and sizes of EDS systems: chemical, thermal, thermochemical, batch, and 
continuous. Batch chemical EDS may use chemicals such as bleach (hypochlorite), chlorine dioxide (CD) 
or peroxyacetic acid (PAA), all of which require neutralization and process validation. Each type of EDS 
has pros and cons. CD and PAA are both EPA-registered sterilants. Bleach (Clorox® Germicidal Bleach, 
not household bleach) is the most widely used treatment method for chemical EDS systems. Bleach is 
effective against most biological agents, but its efficacy is impacted by high organic soil load and is not 
usually appropriate for penetrating feces or other semi-solid waste. Usually, chemical EDS tanks are 
made of plastic and thermal tanks are made of steel (which may be subjected to high temperatures and 
pressure). Stainless steel tanks should be made of 316L grade stainless steel. New chemical effluent 
decontamination systems can utilize alkali for disinfectant efficacy. Alkali sources can be either 
potassium hydroxide (KOH) or sodium hydroxide (NaOH) and typically operate around pH 13. Accurate 
pH calibration and feedback pump systems are very important to ensure efficacy along with neutralization 
prior to discharge.  

 

 
 

Figure 37. Small Batch Sink Chemical Effluent Decontamination Tank with HEPA filter 

(Photo courtesy of Dr. Dick Verduin, UPC, Netherlands) 
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Figure 38. Small Batch Sink Chemical Effluent Decontamination Tank 

(Photo courtesy of Actini®) 

 

Due to the nature of chemical disinfectants used in EDS systems, use of PPE should be considered (e.g., 
Tyvek or Tychem suits and respiratory protection in the form of PAPR or respirators with chemical 
cartridges as well as proper boots). Before discharging treated effluent to a local sanitary sewer, consider 
local requirements for maximum temperature and organic content. Post-decontamination holding or 
dilution is necessary in many instances (depending on the input waste and method of decontamination 
used). (For example, in Maryland, the maximum temperature is 140 degrees Fahrenheit).  
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Figure 39. Types of EDS Systems 

(Source: Dr. David Harbourt, FDA) 

 

The thermal batch EDS system is the most common type of EDS in BSL-4 laboratories in the U.S. 
Thermal batch EDS can handle large volumes seen in agriculture biocontainment laboratories and animal 
facilities. Kill cycles can be configured to inactivate all biological agents, including prions. 316L stainless 
steel could corrode in facilities that use bleach as the primary disinfectant. In an average thermal batch 
cycle, the amount of water needed to bring the kill cycle effluent down to discharge temperature is 
between 1.2x and 2x of the effluent volume. Due to the nature of solid materials that may end up in the 
tanks (feces, fur, hair, needles, scalpels), strainers and grinders are installed upstream. The agitator can 
either be a recirculating pump or an impeller but should be either horizontal or diagonal to maximize 
agitation, preferably diagonally. A discharge drain equipped with a pump should be located at the bottom 
of the tank, to ensure all contents are emptied before running another cycle. To minimize potential 
catastrophic failure, there needs to be an emergency shut off valve for the steam generator located outside 
the EDS room or facility. In some facilities, a berm surrounding tanks are built to ensure at least 110% of 
storage effluent in tanks at full capacity. Level sensors should rely on sonar for effluent volume levels. As 
an alternative, APHIS has designed their EDS systems below ground level. It is a requirement to have a 
sparger with a modulating valve to ensure that discharge temperature of treated effluent does not exceed 
local wastewater treatment plant requirements. Because it does have a manhole entry for clean out of 
interior, it requires an OSHA Confined Space Program and additional safety requirements. It also requires 
a pressure vessel certification. Refer to the APHIS Confined Space Program requirements. 

Process validation of thermal batch systems require a validation port, biological indicators (BIs) dropped 
inside dipstick cylinders, and chemical indicators inside Tyvek coupons (use fishing line, alligator clamps 
and washers for weight to ensure they reach the bottom of tank and do not float). Thermal EDS are the 
easiest to validate compared with other systems. Samples must be directly loaded into treatment tank 
and/or treatment skid during kill cycle validation testing and PPE and other occupational safety hazards 
must be considered. There should also be protections put in place in the laboratory and animal holding or 
necropsy rooms to ensure that inappropriate items are not able to be drain-disposed (e.g., plastic or rubber 
toy for animal enrichment, a nitrile glove, or a shoe cover).  
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Figure 40. Process Validation Using Chemical and Biological Indicators 

(Source: Dr. Harbourt, FDA) 

 
Due to the high temperatures within a thermal EDS, the BIs may appear to have a yellow tint following 
incubation despite a successful kill cycle. It is very important to also run a negative control during the 
validation process to demonstrate to laboratory leadership and external inspectors that the yellow tint is an 
artifact of the culture medium following the kill cycle. Also ensure that you run a positive control for that 
same reason since they will show up as highlighter yellow following incubation. 

Hard steel piping for service utilities for steam is highly recommended as opposed to braided steel piping 
as braided is a softer steel that tends to rupture and fail easier. Occupational injuries related to steam may 
cause serious injury or death. It is recommended that pipes be vented, and if so, HEPA-filtered and 
checked annually (as with other HEPA-filtered devices), at a minimum. 

For liquid waste containing biological toxins, especially toxins resistant to heat, a chemical EDS may be 
more suitable.  

A thermal continuous EDS system has the ability to inactivate all agents used at BSL-3 and BSL-4. It 
also has an excellent safety profile, and the operator does not require a pressure vessel certification. A 
thermal EDS has a high energy recovery rate which in the long run makes it more affordable (return on 
investment). It also has a smaller footprint compared to other systems. It does require a custom setup for 
direct challenge validation. 

Pass-through Fumigation Decontamination Chamber 
When decontaminating small equipment, like electronics, that may become damaged when exposed to 
heat, and where use of autoclave is not an option, pass-through fumigation chambers using gas sterilant 
are available options. These have interlocking doors so only one door at a time can be opened. Once item 
is placed inside chamber and fumigation cycle has completed, the outside door can be opened and vice-
versa. These chambers must be validated for quality assurance (e.g., use of Biological Indicators) 



 

102 
 

frequently. Frequency is determined per site-specific risk assessment, regulatory permit’s requirements, 
etc. 

 

 
Figure 41. Gas Fumigation Decontamination Chamber 

(Source: USDA) 

Laboratory Space Decontamination 
Only a few gas and vapor chemical sterilants are widely used in biomedical and research institutions, and 
for other industrial sterilization applications. Gaseous sterilants can be broadly characterized by an 
alkylation or oxidizing mode of action, and gas or vapor sterilization is only achieved through the 
successful union of the sterilant and the sterilization process. Many of the gas or vapor methods have a 
fundamental process sequence of pre-conditioning (temperature, relative humidity, sterilant concentration, 
etc.), exposure, and sterilant removal. Chlorine Dioxide (CD), Ethylene oxide (epoxyethane, ETO), 
Formaldehyde, and Vapor Phase Hydrogen Peroxide (VPHP), are used. It is important to note gas 
disperses more readily and evenly throughout the entire volume of space than vapor. In some cases, room 
fans may need to be used to disperse vapor evenly. Ensure these processes are validated in your facility. 
All these chemicals have hazardous characteristics to human health, as well as contaminants to the 
environment, so ensure to have access to Safety Data Sheets (SDS) for each chemical used and follow 
proper precautions as spelled out in the SDS. 
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Figure 42. Room Fumigation Decontamination 

(Source: USDA) 

Animal Cage Washers 
Animal cage washers are used for cleaning and sanitizing animal cages, trays, lids, and water bottles. 
These units use high pressure spray system, humidity, strong chemical disinfectant, and final rinse using 
water having a temperature of at least at 180°F. 
 

 
 

Figure 43. Animal Cage Washer 

(Source: USDA) 

 
Walk-in Decontamination Rooms 
Decontamination of large equipment susceptible to heat where use of autoclave is not an option. Chlorine 
Dioxide (CD), Vapor Phase Hydrogen Peroxide (VPHP) are some of the chemical sterilants used. These 
units must be validated every 30 days, or more regularly, as per site-specific risk assessment. 

 

 
 

Figure 44. Vaporized Hydrogen Peroxide (VHP) room 

(Source: USDA) 
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Inactivation or Attenuation for Future Use  

Biological Select Agents and Toxins (BSATs) 

Inactivation is a procedure to render a select agent or regulated nucleic acids as non-viable or a select 
toxin non-toxic while retaining characteristic(s) of interest for future use. Inactivation procedures used to 
render a select agent non-viable, regulated nucleic acids non-infectious, or select toxins non-toxic may 
fall into the following categories: physical (e.g., heat or irradiation), chemical, natural antimicrobial 
strategies and combination. Filtration procedures can be used to remove viable select agents from 
biological fluids, culture supernatant, and other materials. For a select agent or regulated nucleic acids to 
be properly characterized as non-viable after treatment, the agent must not have the ability to grow or 
replicate, and the toxin must not have the ability to cause toxicity. Exposure to the agent, toxin, or nucleic 
acids must not result in infection or toxicity.  

Under Federal Biological Select Agents and Toxins (BSAT) regulations, material containing a select 
agent or toxin must be subjected to a validated inactivation protocol prior to being transferred out of 
registered space to unregistered personnel and/or to a lower biosafety level (e.g., from BSL-3 to BSL-2). 
A validated inactivation protocol must have the approval of the Principal Investigator (PI), Laboratory 
Director, BSO, and the Responsible Official (RO). For additional information, refer to the “Guidance on 
Inactivation or Removal of Select Agents and Toxins for Future Use” which can be found on the  FSAP 
website. 

APHIS laboratory facilities handling select agents and toxins must use a validated inactivation procedure 
to render a select agent non-viable or regulated nucleic acids non-infectious. This means that the 
inactivation procedure’s efficacy must be confirmed by data generated from a viability testing protocol to 
render a select agent non-viable for future use. The new inactivation provisions apply to select agents and 
regulated nucleic acids only. 

Unregulated Materials 

Unregulated materials may undergo a similar process before being transferred to lower containment for 
further use.  However, BSAT-specific requirements may not apply. APHIS laboratory facilities 
performing inactivation methods of unregulated materials must use a validated inactivation procedure. 
Inactivation procedures should also be re-assessed and re-validated periodically due to the agent itself 
changing over time, either through natural or deliberate means (e.g., mutation, recombination, 
reassortment of viral genomes, horizontal gene transfer, synthetic derivation of agents, and modifications 
resulting from gain-of-function studies). For additional information, refer to the BMBL 6th Edition, 
Appendix K – Inactivation and Verification. 

Attenuation Methods 

Attenuation is a method to minimize disease risk that involves using a weakened form of a pathogen, viral 
nucleic acid sequences, or a toxin. Attenuated pathogens generally have some combination of reduction in 
the agent’s virulence, replication, and/or transmissibility (including host and tissue tropism). Attenuation 
methods, while lowering risks and potentially enabling work at a lower Biosafety Level, do not meet the 
criteria for classification as inactivation. A thorough risk assessment is needed to determine whether 
attenuation of an agent merits lowering of the Biosafety Level.  

For additional information, refer to the BMBL 6th Edition Appendix K – Inactivation and Verification 
may provide more information.  

http://www.selectagents.gov/
http://www.selectagents.gov/
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CHAPTER 11:  LABELS AND SIGNS 
 
Background 
Hazardous biological materials, biohazardous agents or pathogens, biological toxins, biohazardous 
waste (e.g., laboratory waste, animal carcasses, plant-associated waste), potentially- contaminated 
items, as well as other physical and chemical hazards and/or spaces (laboratory and diagnostic rooms, 
and vivaria) where hazardous materials are stored or manipulated, must be properly identified with 
required labels or signs. Identification and hazard communication is needed so that responsibilities, 
material identities, hazards, or controls are communicated to workers, visitors, and others. 

 
A biohazard label is required to provide warning when hazardous biological materials may be present. 
The biohazard label is a sign that is predominantly fluorescent orange or orange-red. It also contains a 
biohazard symbol and the word “Biohazard” in a contrasting color. The symbol was created by 
Charles L. Baldwin of Dow Chemicals and Robert S. Runkle of the National Institutes of Health in 
1966. The label shown below displays the required biohazard legend: 
 

 
Figure 45. Biohazard Label 

(Source: USDA) 

In addition to conveying biohazards present in a laboratory, animal, greenhouse, or arthropod facility 
setting, all APHIS rooms should adequately identify and convey the hazards inside. It is important to 
include all types of hazards present, as well as all entry requirements, which may include PPE, 
vaccination requirements, or personal radiation monitoring devices. The signs inform employees, 
contractors, visitors, and emergency responders of the hazards in the room, required personal protective 
equipment, and whom to contact in case of an emergency. Contact your facility Biorisk Manager or 
Safety and Health Staff, or the APHIS Biosafety Officer for signage to be used at your location. There are 
several companies that provide signage at a cost: MyDoorSign.com, SafetySign.com, and others. Note: 
APHIS is not endorsing any particular company. 
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Figure 46. Laboratory Door Sign (example) 

(Courtesy of Southern Methodist University, TX) 

 

 
 

Figure 47. Laboratory or Room Hazard Communication Labels and Placarding (example) 

(Source: USDA) 

Biosafety Criteria  

a. The following are biosafety criteria for labels and signs: 

(1) Information or labels should be visible on containers of 
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biological    materials or agents so that their content can be 
identified. 

(2) A biohazard label should be posted as a best management 
practice on  primary equipment that uses, stores, or may be 
contaminated with hazardous biological materials. This 
includes freezers, incubators, refrigerators, and other 
equipment storing or processing hazardous biological 
materials. 

(3) Work with Bloodborne Pathogens (BBP) materials requires: 

(a) Biohazard labels, red containers, or red bags for waste 
containers, refrigerators, freezers, or other containers used 
to store, transport, or ship BBP materials. 

(b) Biohazard labels, red containers, or red bags for containers 
or bags used for laundry that may be contaminated with 
BBP materials. 

(c) Biohazard labels used to indicate which equipment 
parts remain    contaminated with BBP materials. 

Note: The OSHA BBP standard refers to human bloodborne 
pathogens. It is important to note that although animal blood 
may not be regulated under the BBP standard, there may be 
inherent risks when    drawing and/or handling animal blood or 
animal parts, especially when Sharps are being used. Refer to 
the BBP chapter in this manual. 

(4) Caution placards and other information must be posted at the 
laboratory, vivarium, necropsy or surgery room, greenhouses, and 
quarantine facility    entrances, including a biohazard label when 
hazardous biological materials, including infectious agents, are 
present. 

b. The following must be posted at the entrance to a laboratory, animal facility 
(including aquatic and arthropods), greenhouse, or quarantine facility where 
infectious materials are handled or stored and at the entrance to separate 
workspaces or areas where infectious materials are handled or stored to advise 
entering personnel of potential biological hazards: 

(1) A biohazard placard or sign stating the laboratory’s, facility’s or work 
area’s biosafety level and PPE requirements. 

(2) A biohazard placard or sign stating the name of the agent(s) or the 
words “Infectious Agent(s).” Agent information should be posted or 
not, in accordance with the facility policy. For security purposes, 
laboratories may refrain from disclosing the name. Nevertheless, 
safety precautions must be clearly stated, and staff must be made 
fully aware. 

(3) A placard or sign containing the name and telephone number 
of the supervisor, work lead, principal      investigator (PI), or other 
responsible personnel. 
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(4) A placard or sign containing any special requirements or 
procedures for entering (e.g., vaccination, occupational health 
program enrollment, occupational health consultation for 
individuals of child-bearing age) and exiting the laboratory. 

(5) Other requirements for signage (e.g., radiological) may also 
apply to the    entrances.  

Note: Always follow the APHIS facility- or laboratory-specific policy, as 
these may vary from one location to the next according to site-specific risk 
assessments. 

 

Packaging and Shipping Labels  
Intra-facility or laboratory-specific hazard labeling requirements must be followed. When transporting 
hazardous biological materials on public roads intra-state, across State lines or abroad, follow DOT and 
IATA packaging and shipping requirements. Refer to Chapter 14-Shipping of Hazardous Biological 
Materials in this manual.
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CHAPTER 12:  OCCUPATIONAL HEALTH SUPPORT AND MEDICAL SURVEILLANCE 
 

Background 
 
The goal of this program is to promote safety and health in the workplace, and is accomplished by limiting 
opportunities for exposure, monitoring, and promptly detecting and treating exposures, and using 
information from laboratory-acquired Infections (LAIs) or infections acquired in the field, suspect exposures, 
and near misses to further enhance safety precautions. Healthcare providers, safety specialists (including 
Biosafety Officers), PI, supervisors, and employees are all responsible for occupational health and safety in 
the workplace. Services provided should be designed in compliance with OSHA regulations, patient 
confidentiality laws including Health Insurance Portability and Accountability Act of 1996 (HIPAA), and the 
Americans with Disabilities Act (ADA) of 1990 and related regulations, the Pregnancy Discrimination Act of 
1978, as well as other guidance documents such as the BMBL, select agent regulations and guidance 
documents (including Tier 1 BSAT Occupational Health requirements), and the NIH Guidelines for Research 
Involving Recombinant or Synthetic Nucleic Acid Molecules (NIH Guidelines). Contractors, students, and 
visiting scientists must be provided occupational medical care by their employer or sponsor equivalent to that 
provided by the host institution for exposures,    injuries, or other emergencies experienced at the worksite. 
 

 
            Figure 48. Employee Consultation with Health Services  

                                           (Source: USDA) 

To initiate occupational health services for employees who handle or may be exposed to hazardous 
biological materials, or other physical or chemical hazards, the APHIS Form-29 must be completed. 
Contact the APHIS Industrial Hygienist for assistance. Also, staff who wear respiratory protection or 
hearing protection must also complete this form. Additional information can be found in the Industrial 
Hygiene section of the APHIS Safety and Health Manual. 
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Figure 49. APHIS Form 29 

(Source: USDA) 

 

Occupational Health Support  

The APHIS Occupational Health Support Program is managed by the APHIS Medical Review Officer 
(MRO) through a contract with the Department of Health and Human Services’ (HHS) Federal 
Occupational Health (FOH). Services may include: 

a. Pre-placement medical evaluations (where applicable) 

b. Immunizations. 

(1) Immunizations (e.g., rabies, influenza, others). 

(2) Investigational vaccines, if necessary. 

c. Initial and Periodic Medical Consultations and Evaluations. 

(1) Respiratory Protection usage. 
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(2) Health conditions that may predispose employee to illness (e.g., 
diabetes, cancer, latex allergy, allergy to animals) 

(3) Special circumstances (hazardous biological materials of public health 
concern). 

d. Counseling for occupational illnesses and injuries. 

(1) Reporting of occupational injuries (e.g., needlestick 
injuries), including exposures to human or zoonotic 
pathogens or suspect exposures. 

It is important to note that post-exposure medical services are not provided by FOH. Employees are 
encouraged to obtain medical attention directly from their primary care physician (PCP) or other 
community- or facility-based medical professional, unless the facility has retained medical services 
locally through a contract or memorandum of understanding (MoU). In the case of exposures or potential 
exposures to hazardous biological materials, it is recommended to seek expertise from an infectious 
disease expert retained by APHIS SHB, FOH or the particular APHIS facility. 
 
Agent-Specific Risk Assessment  

Potential exposures to hazardous biological materials, including zoonotic diseases (e.g., through research 
animals, wildlife, animal exhibitions, or fieldwork), that generate health concerns or may cause disease in 
humans, are assessed at the time of the biosafety risk assessment or JHA (supported by its up-to-date 
SOP). This assessment includes a determination of the need for employee medical evaluation, 
immunizations, serum banking (if absolutely necessary), available prophylaxis, or other occupational 
health controls. This assessment is conducted by Occupational Health Services, in collaboration with the 
Biosafety Officer. The review includes recommendations and is the basis of required or recommended 
occupational health controls for potentially exposed employees. These controls are then documented. 
Requirements or recommendations for occupational health controls (e.g., vaccinations) for specific agents 
or materials are discussed in the BMBL, Section VIII (Agent Summary Statements). 
 
For APHIS position on serum banking, refer to the “Serologic Testing” section below in this Chapter. 
 
Employee Health Status  

Employees who are aware of personal illnesses or health status, or become aware of changes in their 
health status (e.g., immunosuppressed, underlying or congenital conditions, pregnancy, medications, or 
treatments like chemotherapy or radiotherapy), that may affect their ability to combat infection, receive 
medications or vaccines should inform their supervisors and visit Occupational Health Services for an 
evaluation of how this may affect their individual risk for work with hazardous biological agents. Under 
these circumstances, a new risk assessment should be performed; additional layers of protection (e.g., 
engineering controls and/or PPE, and/or revision of work processes) or alternate work duties may be 
assigned. 

It is important to note that sometimes employees may have underlying conditions unbeknownst to them 
that may put them at higher risk for an LAI. One example is the tragic death of Dr. Arturo Casadaban at 
the University of Chicago. Dr. Casadaban’s laboratory worked with the attenuated strain of Yersinia 
pestis. Unbeknownst to Dr. Casadaban, he had a congenital condition, hereditary hemochromatosis, 
which was found to have caused an overabundance of iron in his blood and effectively complemented the 
attenuating mutation in the Y. pestis strain that he was working with, allowing the pathogen to develop a 
full-blown infection. For this and other documented LAIs, visit the ABSA website. LAIs specific to 
APHIS are documented by the APHIS Biosafety Officer. 

 



 

112 
 

Bloodborne Pathogens 
Requirements, including vaccinations and prophylaxis, for BBP materials are further discussed in Chapter 
23-BBP in this manual.  
 
Pre-Placement, Serologic Testing, Post-Exposure First Aid and Counseling, and Periodic Medical 
Evaluations 
Pre-placement. Supervisors should inform all workers about workplace hazards and exposure controls and 
refer newly hired staff with proposed access to biological hazards (e.g., biological agents, human subjects, 
laboratory animals, or their respective body fluids or tissues) to the occupational health program for a 
risk-based preplacement medical consultation and evaluation. The healthcare provider must review staff 
members’ personal and occupational health history considering the supervisors’ input on potential hazards 
and minimum functional requirements of the position, as well as past and current medical conditions and 
treatment allergies; present use of medications (prescription or over the counter medications); adverse 
reactions to medicines, vaccines, animals, and other environmental allergens; or relevant prior infections. 
The healthcare provider should discuss agent-specific risk factors and hazards (e.g., zoonotic infections, 
toxic chemicals, or laboratory animal allergens), and should dispense information on health conditions 
that might increase susceptibility to infection and complications after an occupational exposure. The 
provider should also advise staff on steps to take in cases of potentially work-related illness(es), such as 
signs or symptoms suggestive of an LAI or an occupationally acquired allergy. 
 
Serologic Testing. Serum banking, the practice of collecting and storing frozen serum samples, is of 
questionable value to the care of research or clinical laboratory staff; it should not be offered routinely 
without a clear indication. An exception can be made if a risk assessment suggests that work conditions 
are likely to lead to unrecognized exposures, especially to pathogens with long latency periods or with the 
potential for subclinical infection (e.g., Prions, Burkholderia pseudomallei). If serum banking is utilized, 
the provider must implement it with the requisite precautions to ensure accurate retrieval, proper storage 
and disposal, patient privacy, and observance of applicable ethics standards. Serum sampling and short-
term storage should be considered on a case-by-case basis with properly designed testing strategies for 
post-incident screening of potentially exposed staff or investigation of possible LAIs. Employees 
participating in the serum banking program will be provided with an Informed Consent Form. Individual 
forms will be incorporated and maintained in the employee’s Occupational Health Medical Record. All 
personnel involved in the collection or processing of samples will adhere to the OSHA Bloodborne 
Pathogens Standard (BBP), including the BBP’s Exposure Control Plan. 
 
In consultation with the USDA Office of General Counsel (OGC), the recommendation is for voluntary 
serum banking because of the developments in the Genetic Information and Nondisclosure Act (GINA) 
and the Equal Employment Opportunity Commission (EEOC) position on wellness programs over the last 
few years. GINA restricts the circumstances under which Federal agencies may lawfully obtain 
applicants' and employees' genetic information. Specifically, Federal agencies may obtain applicants' and 
employees' genetic information: (1) if they do so inadvertently; (2) as part of health or genetic services 
provided on a voluntary basis; (3) agencies may obtain family medical history for certification of relevant 
leave pursuant to the Family and Medical Leave Act, State or local leave laws, or certain employer leave 
policies; (4) from commercially and publicly available sources, such as newspapers, books, magazines, 
and electronic sources, as long as agencies do not access those sources with the intent of obtaining genetic 
information, and as long as agencies are not likely to obtain genetic information by accessing such 
sources; (5) for genetic monitoring required by law or provided on a voluntary basis; and (6) agencies that 
conduct DNA analysis for law enforcement purposes as a forensic laboratory or for human remains 
identification may obtain genetic information to analyze DNA identification markers for quality control to 
detect sample contamination.   
 
If the serum banking is a part of an overall employer wellness program, then the EEOC’s rules on 
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wellness programs generally require voluntary participation from employees. A mandatory serum banking 
requirement may also create potential EEO issues.  Once a person becomes an employee and has 
commenced work, the employer generally can only ask medical questions or require a medical exam if 
the employer needs medical documentation to substantiate an employee’s request for an accommodation 
or if the employer feels that the employee is not able to perform the job successfully or safely due to a 
medical condition.  Any medical examinations performed must be job-related and consistent with 
business necessity.  These circumstances are extremely unique, and the agency may be able to offer a 
credible defense based on employee safety and security concerns, but a mandatory requirement would 
still create the potential for continuing legal exposure. Bottom line: because of potential legal exposure, 
recommendation is for voluntary serum banking programs. 
 
For these many reasons, APHIS Biosafety Program recommends post-exposure occupational health 
services and medical counseling, along with Post-Exposure Prophylaxis (PEP) when called for, should an 
exposure, or suspected exposure, were to occur rather than the using a serum banking program. APHIS 
Division of Agricultural Select Agents and Toxins (DSAT) may choose to have its inspectors enrolled in 
a serum banking program so long as it meets the criteria set forth in the previous paragraphs in this 
section. 
 
Periodic Medical Evaluations and Screening Programs. A risk-specific approach may require specific 
work groups of employees to participate in periodic medical evaluations provided it is justified by a 
substantial risk of exposure to hazardous biological materials or other physical or chemical hazards. A 
few examples may include employees who may be exposed and contract an asymptomatic LAI with 
Toxoplasma gondii, or radiological hazards. A risk-based approach should be followed for screening 
programs for work-related infections of staff, such as post-exposure medical surveillance, contact 
investigations, or research settings associated with evidently elevated exposure risk to specific pathogens. 
Before an occupational health program endeavors to screen asymptomatic staff without a recognized 
exposure to a specific pathogen, the provider should justify the benefit of such testing, clearly define 
criteria for interpretation of results, and develop plans for further investigation of indeterminate and 
positive test results. 
 
For employees who receive rabies vaccination, serological monitoring of rabies titers should be 
performed to ensure appropriate level of protection and revaccination should occur when titers are not in 
optimal level to prevent infection. Refer to the Vaccination section below. 
 
Post-exposure First Aid and Medical Counseling. Each laboratory, animal facility, greenhouse, arthropod 
facility, etc. should maintain a laboratory-specific biosafety manual that specifies the steps all staff should 
take immediately after an incident. An effective incident response, including medical counseling and care 
of affected staff, relies on the coordinated execution of the plan and concise, prompt communications. 
Laying the foundation for proper post-exposure risk mitigation begins before an occupational exposure 
occurs (e.g., with risk awareness training in the workplace and targeted preplacement occupational health 
evaluations). Incident response protocols should describe requisite notifications to supervisor and safety 
staff, and access medical counseling and care in a timely manner. 
 
The adequacy and timeliness of wound cleansing (aka, first aid) and starting post-exposure prophylaxis 
(PEP) immediately after exposure occurs, and following all established agent-specific protocols, may be 
the most critical determinants in preventing infection. First aid should be immediately available to an 
injured worker. First aid for skin exposures, including percutaneous exposures (e.g., needlestick injuries 
or cuts), should include flushing and scrubbing of the skin with soap and water, or alternative, for 15 
minutes. Mechanical scrubbing of the wound is recommended in addition to the use of copious flowing 
water and soap for wound decontamination. Exposed eyes or mucous membranes should be flushed with 
clean water, preferably at an eyewash station, for an adequate amount of time per SDS (for chemicals) 
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and the Pathogen Safety Data Sheets (for hazardous biological materials).  Detergents and antiseptics 
should never be used in the eyes. If an eye station is not in close proximity, workers should have ready 
access to a portable liter bag of sterile saline that meets the industry standard ANSI/ISEA Z358.1-2014 
American National Standard for Emergency Eyewash and Shower Equipment.  The employee should seek 
occupational health advice, medical advice, or depending on the severity, be transferred to a medical 
facility that can provide the necessary level of care. 

If an exposure, or suspected exposure, may have occurred, employees should be counseled by FOH, their 
physicians, or combination thereof, on the significance of the incident and clearly communicate the post-
exposure plan, including treatment options, alternatives to treatment, testing procedures, and 
interpretation of laboratory results. Also, employees should be instructed during initial and recurring 
training and education to watch for signs and symptoms, including fever (e.g., Fever Watch) or isolate 
themselves, if necessary. Employees should have access to a Post-Exposure Medical Card (refer to 
section 8 below) listing signs and symptoms for each hazardous biological material being handled in the 
laboratory or animal facility where they work, so when the employee suspects an occupational exposure 
or LAI, they can present the card when seeking medical assistance from their primary care physician or 
other community-based health services. The card informs the health care provider of what to assess for so 
medical care can be promptly rendered. Documented seroconversion, or a significant increase in antibody 
titer (at least four-fold) associated with a compatible clinical syndrome, is usually highly suggestive of 
acute infection. 

Laboratory or fieldwork SOPs should include a printed summary of the recommended medical response 
to specific exposures that can guide immediate response in the workplace. Employees should receive 
training and education regularly on adequate post-exposure first aid and medical response. It is 
recommended drills are performed regularly.  

As part of the Risk of Exposure and Risk of Disease analysis, the description of the incident or injury should 
include: 

(1) The potential hazardous biological material, infectious agent, or toxin, including its volume and 
estimated titer. 

(2) The mechanism and route of exposure (percutaneous, splash to mucous membranes or skin, 
aerosol, etc.). Is the mechanism of exposure compatible with transmission of an agent of 
concern? 

(3) Time and place of the incident. 

(4) PPE used at the time of the injury or incident. 

(5) Prior first aid provided (e.g., nature and duration of cleaning and other aid, as well as time 
that lapsed from exposure to treatment). 

(6) Aspects of the worker’s personal medical history relevant to risk of    infection or 
complications of treatment. 

(7) Immunizations received by employee. 

The risk of developing infection from an exposure during laboratory or fieldwork  (e.g., Sharps-related 
injury, exposure to aerosol, bites or scratches from an animal, or other exposure during animal health or 
plant health emergency response events or other work) depends on many factors, including the nature of 
the infectious agent, the mechanism and route of exposure, the physiologic status of the source  animal 
and/or the employee, whether PPE was used, and whether appropriate post- exposure first-aid procedures 
were followed. 

When exposures or injuries occur, information on the health status of the animal and any infectious 
experimental agents should be communicated to the patient's healthcare professional. The most common 
routes of exposures are scratches, needle sticks, cuts, bites, and mucous membrane exposures. 
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The APHIS medical services should conform to current practices such as recommended immunization 
schedules and infection control per Advisory Committee on Immunization Practices (ACIP), CDC’s 
National Center for Immunization and Respiratory Disease, and other guidance, and develop a network of 
infectious-disease specialists to assist in making treatment decisions and be aware of the potential risks. 

Vaccines 
APHIS, on a regular basis, contracts with FOH to provide the human influenza virus vaccine to all 
employees at no cost. Likewise, APHIS contracts with FOH to provide the rabies vaccine (pre-exposure 
(PrEP) and post-exposure prophylaxis (PEP)) to employees who may be at risk as part of the occupational 
health program at no cost to employee. These vaccines are not mandatory. For employees who receive 
rabies vaccination, serological monitoring of rabies titers should be performed to ensure appropriate level 
of protection and revaccination should occur when titers are not in optimal level to prevent infection. In 
special cases, such as research with special pathogens of high risk to public health (e.g., Ebola), 
experimental or FDA-approved vaccines may be made available or required. The facility IBC or 
occupational health staff should be involved in the discussion about use or recommendations of vaccines, 
per risk assessment. Refer to the BMBL’s agent summary statements in Section VIII for additional 
information on available vaccines for various biological agents. 

The APHIS Occupational Health Program, in consultation with FOH and the Advisory Committee on 
Immunization Practices (ACIP) provides expert advice on the most effective immunization strategies 
against vaccine-preventable diseases. The APHIS occupational health program should utilize ACIP 
guidelines for routine administration of vaccines and offer any licensed vaccine indicated to provide risk-
based agent-specific immune protection.  

Vaccines that could be made available may include: Francisella tularensis (causative agent of 
Tularemia), Variola major virus and Variola minor virus (causative agents of Smallpox), Bacillus 
anthracis (causative agent of anthrax). Vaccines may have received full FDA-approval or may be FDA’s 
investigational new drug (IND) status. Other vaccines may be under development. 

Emergency Medical Contact Card 
Employees need to be made aware of signs and symptoms compatible with an infection associated with 
the hazardous biological materials being manipulated, or the zoonotic organism in the  laboratory, 
greenhouse, quarantine facility, or wildlife, livestock, or aquaculture animal facility. Symptoms are 
dependent on the infectious or zoonotic organism, but may include prolonged fever, flu-like symptoms, 
malaise, etc. 

Employees should have access to a Post-Exposure Medical Card listing signs and symptoms for each 
hazardous biological material being handled in the laboratory or animal facility where they work, and 
when they suspect an occupational exposure or LAI, they should be able to present the card when seeking 
medical assistance from their primary care physician or other community-based health services so as to 
inform them what to assess for and to ensure medical care is promptly rendered. Other information that 
may be included in the Post-Exposure Medical Card are first aid administration, symptoms of infection, 
contact information for the facility where they work and a local health care provider who is knowledgeable, 
contact information for expert clinical and laboratory consultation regarding the infectious agent (e.g., the 
State health department, the CDC, or a diagnostic laboratory), and a reference for prophylaxis and therapy 
guidelines. In addition, the facility should have access to a physician, preferably and infectious disease 
expert, who has specific knowledge about the disease and can be placed in contact with the PI or another 
individual with in-depth knowledge of the agent (including any drug susceptibilities and/or genetic 
mutations), so medical counseling and treatment is initiated without delay. 
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Figure 50. APHIS Form 260-Medical Alert Information card (example) 

(Source: USDA) 

Even if an employee may not recall an obvious exposure, symptoms compatible with a laboratory- and 
field-acquired infection (LAI) need to be reported to the employee’s supervisor and to the occupational 
health personnel as soon as possible. An incident must be reported by the supervisor of the affected employee (s) 
using the APHIS Online First Report of Incident, Accident, Injury, or Illness Tool to file an initial written 
report in a timely manner. The report tool allows the supervisor to include employee statements, 
necessary forms, and any applicable photos with the report submission. Upon completion, the report tool 
generates an email to supervisors and several others who must take certain actions upon notification.  
 
Additional Considerations for High Consequence Pathogens and/or Select Agent and Toxins 
Work with hazardous biological materials and/or infected animals in BSL-3/ABSL-3/ABSL-3Ag, or 
higher, involves special challenges for occupational health. Infections of laboratory workers, animal care 
technicians, and veterinary staff by such agents may be expected to result in serious or lethal disease for 
which there are limited or no treatment options. In addition, hazardous biological materials and/or 
infected animals handled at BSL-4/ABSL-4/ABSL-4Ag are frequently geographically exotic to the areas 
in which high containment labs are located but would produce immediate public health or agriculture 
concern, if a laboratory-acquired infection (LAI) were to occur. Potential transmission from infected staff 
to human or animal populations in the areas surrounding the laboratories may raise such concerns to higher 
levels. Thus, SOPs for high and maximum containment settings require special attention to management of 
unexplained worker absence, including protocols for monitoring, medical evaluation, and follow-up of 
workers with unexplained non-specific illness.  
 
Advance planning for the provision of medical care and counseling to workers potentially infected with 
these hazardous biological materials, especially in rural areas where medical services may not be easily 
accessible, is a fundamental component of an occupational health program for a high or maximum 
containment facility. 
 
Section 12(d) of the select agent regulations, 7 CFR §331.12, and 9 CFR §121.12) require that individuals 
with access to Tier 1 biological select agents and toxins (Tier 1 BSAT) must be enrolled in an 
Occupational Health Program (OHP). This requirement is intended to ensure the availability of 
professional medical evaluations and treatment. Risk-specific occupational health and medical services 
for select agents is further addressed in the OHP guidance document and the Incident Response Plan 
Guidance document, both found on the FSAP website, as well as Sections III, IV, V, and Appendix D in 
the BMBL. Lastly, staff who participate in field research or outbreak response involving RG3, RG4 and 
newly emerging diseases may need additional occupational health services due to increased exposure 
risks. 

https://usdagcc.sharepoint.com/sites/aphis-mrp-emss/FirstReport/SitePages/Home.aspx?submit=Continue+to+Online+Form
https://my.aphis.usda.gov/myportal/myaphis/home/
http://www.ecfr.gov/cgi-bin/retrieveECFR?gp=1&SID=b9126e9fba23e3e7933354a1d2630d72&ty=HTML&h=L&n=7y5.1.1.1.9&r=PART#se7.5.331_112
http://www.ecfr.gov/cgi-bin/retrieveECFR?gp=1&SID=b9126e9fba23e3e7933354a1d2630d72&ty=HTML&h=L&n=9y1.0.1.5.58&r=PART#se9.1.121_112
http://www.selectagents.gov/
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CHAPTER 13:  INCIDENT REPORTING AND INCIDENT RESPONSE PLANS 
 

Background 
BRM-related incidents may include worker exposure, or suspected exposure, to hazardous biological 
materials or animals (including arthropods), injuries or illnesses involving or resulting from exposure to 
hazardous biological materials or animals, spillage of hazardous biological materials outside primary 
containment, or accidental or intentional release of hazardous biological materials.  Accidental or intentional 
events may involve the release of hazardous biological materials or research animals (including 
arthropods), plants, or plant pests, which could affect agriculture, trade, food security and/or public 
health. Such incidents may require first aid, medical evaluation and/or treatment, emergency response, 
incident review and documentation, incident reporting, and corrective actions and “lessons learned’ 
shared with employees to prevent these from happening again. 
 
Incident, Exposure, Injury, or Illness Reporting  
Workers are responsible for immediately reporting all occupational injuries, illnesses, and exposures, 
including potential exposures, as well as near misses or “good catches” involving hazardous biological 
materials of concern (or any other safety and health-related incident), as well as an incident involving 
infected animals or animal part of a research study, to their supervisor or management chain, and Health 
Services. In turn, supervisors are to submit a preliminary report using  the APHIS First Online Report of 
Incident, Accident, Injury or Illness in a timely manner. The location’s Biosafety Officer or safety and 
health staff must also be notified of exposures or suspected exposures to hazardous biological materials of 
concern or any related illness. In turn, the APHIS Biosafety Officer must be notified as soon as possible 
but no later than 24 hours after the incident occurs.  
Supervisors are responsible for ensuring each occupational incident, accident, injury, or illness is 
investigated and documented. The investigation is performed to determine the underlying causes of the 
incident, whether those causes are systemic in nature, and whether and what corrective actions are 
needed.  Corrective actions may include, but are not limited to, changes to procedures, determinations 
about needed PPE or other safety equipment, and additional training, education, and competency 
verifications. Any lessons learned should be shared with staff. The supervisor should contact safety and 
health staff, including biosafety officer, for assistance with an investigation. 
 
For exposure incidents, hazardous biological materials of concern include materials, animals including 
arthropods or aquatic species, and plants or plant material, that may contain agents or properties that have 
known, potential, or unknown human health risks. Examples of materials include, but are not limited to, 
all recombinant DNA or synthetic nucleic acid materials, viable biological microbes or toxins in research 
(laboratory or field) and diagnostic labs, or Risk Group 2 or higher agents, research animals, or toxic or 
poisonous plants or plant pests. Examples of worker exposures to such biological materials of concern 
include: 

a. Hazardous biological materials in contact with mucous membranes such as eyes, 
nose, or mouth. 

b. Inhalation of infectious aerosols. 

c. Hazardous biological materials in contact with an open area of skin (e.g., cut or abrasion). 

d. Cuts or punctures with sharp objects that may be contaminated with hazardous 
biological materials. 

e. Exposures to humans or animals in research in a manner that is known to transmit 
disease. 

f. Exposure to human or animal blood, or OPIMs. 

https://my.aphis.usda.gov/myportal/myaphis/home/
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g. Incidents involving biological select agents and toxins. 

Incidents involving (BBPs) must also be reported and must be recorded in the Occupational Safety and 
Health Administration (OSHA) Injury Log, as per the OSHA Bloodborne Pathogens Standard. Refer to the 
Bloodborne Pathogens chapter in this manual for further information. 
 
Significant Incident Reporting 
The following significant incidents must be reported to the Location’s Biosafety Officer or Safety and 
Health Staff, and the APHIS Biosafety Officer within 24 hours. Initial reports are to be completed by 
telephone followed by an e-mail with all available information.  Subsequently, significant incidents will 
be reported to APHIS leadership and the APHIS Administrator (or designee), within 24 hours. Significant 
incidents include: 

(1) Two or more individuals exposed to an infectious or zoonotic agent(s), or toxin(s);  

(2) Suspected or known occupational acquired infection (laboratory- or field-acquired) 
infection;  

(3) Environmental release or accidental infections of animals;  

(4) Significant security breaches (e.g., theft);  

(5) Regulatory citations (notice of violations) from a Federal, State, or local agency; and  

(6) Critical inspection findings (internal or external) that would require immediate Agency 
attention and/or action.  

Significant incidents (as defined above) will be submitted by APHIS within 2 business days to the MRP 
Under Secretary and to the USDA Joint Committee on BRM Policy (JCBMP) Executive Secretary for 
review by the Operational Biorisk Subcommittee (OBC). 
 
Incident Response Plans 
The laboratory or facility Incident Response Plan may include guidance for responding to: exposures or 
suspected exposures, natural disasters, man-made disasters (e.g., terrorist attacks, attacks perpetrated by 
activists), breach of containment or release into the environment of hazardous biological materials, and 
man-down alarms in high or maximum containment facilities. The laboratory or facility may also have 
response plans specific to incidents involving biological select agents and toxins (BSATs) and/or other 
incidents. Animal facilities must have an Incident Response Plan is in place that ensures the proper care 
of animals before, during, and after emergencies, particularly weather-related events (e.g., hurricanes), as 
required by animal welfare regulations. 
In case of a potential hazard exposure, the employee must immediately perform proper first aid and 
follow all established agent-specific protocols. All occupational injuries, including potential exposures to 
a hazardous biological material, should be reported by the employee to their supervisor or line 
management, safety staff, and seek medical attention, when necessary. The supervisor must file an 
incident report in a timely manner.  
A detailed account of the incident is needed to quickly determine its clinical significance. The primary 
source of information is typically the affected employee. Collateral sources include safety professionals 
investigating the incident, the supervisor or PI, and others with knowledge of the circumstances of the 
incident or source materials involved. Helpful information may include: 

■ Exposure controls used at the time of the incident and work activities performed leading 
up to it;  

■ The mechanism of the potential exposure (e.g., percutaneous injury, splash to mucous 
membranes or skin, inhalation of an infectious aerosol);  
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■ The nature of the potential biohazard (e.g., animal body fluid, culture medium, 
contaminated fomite) and inoculum size (concentration, volume);  

■ Characteristics of agent(s) known or suspected to be involved (e.g., species, strain); 
transmission in natural infection or LAI; minimum infectious or lethal dose to humans; 
incubation period; drug susceptibility or resistance;  

■ Agent viability (i.e., inactivation by chemical or physical means prior to incident) and 
genetic modifications (to enhance viral vector safety); and  

■ First aid performed at the workplace (e.g., duration and cleansing agent used, time 
elapsed from exposure to initiation). 

 

Biological Select Agents and Toxins  
Per regulatory requirements, a registered facility’s Responsible Official (RO) must report any incident 
involving a select agent or toxin to the Federal Select Agent Program (FSAP). Information on reporting 
requirements and incident response plans is available at www.selectagents.gov.  

Recombinant DNA and Synthetic Biology  

Incidents involving recombinant DNA or synthetic biology are to be reported to the NIH, per NIH 
Guidelines. 

First Aid  
Refer to chapter 12-Occupational Health Support and Medical Surveillance in this manual. 

Biological Spills and Cleanup  
Supervisors, work leads, and PIs are responsible for ensuring that site-specific spill response procedures 
and materials, driven by a risk assessment, are followed to safely respond to spills where hazardous 
biological materials are present, or suspected to be present. 
The facility or location safety and health staff must assist in the development of local emergency response 
procedures. Up-to-date emergency response procedures must be made available to all personnel, and training 
and education provided frequently, especially after a spill incident has occurred. These emergency response 
procedures must account for USDA regulations or directives, as well as local, State, and Federal ordinances or 
regulations. 

http://www.selectagents.gov/
https://osp.od.nih.gov/biotechnology/nih-guidelines/
https://osp.od.nih.gov/biotechnology/nih-guidelines/
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CHAPTER 14:  PACKAGING, LABELING AND SHIPPING OF HAZARDOUS BIOLOGICAL 
MATERIALS, INCLUDING LIVE ANIMALS 
 

Background 
When offered for transportation, many of the materials used in the workplace, including hazardous 
biological materials used in research and diagnostic laboratories and animal facilities and their waste, may 
be regulated as hazardous materials or dangerous goods under the DOT Hazardous Materials Regulations 
(HMR), 49 CFR Parts 171-180; the International Civil Aviation Organization’s (ICAO) Technical 
Instructions; or the International Air Transportation Association (IATA) for the transport of dangerous 
goods by air, particularly materials capable of posing an unreasonable risk to health, safety, and property 
when transported in commerce (by air, highway, rail, or water). The CDC is the authority for guidance on 
handling infectious substances before or after transportation. OSHA has standards for bloodborne 
pathogens (BBP) and personal protective equipment (PPE) to protect workers from occupational 
exposure to infectious substances. As such, some OSHA standards are incorporated into certain DOT 
packaging requirements for regulated medical waste. Also, the BMBL 6th Edition Appendix C-
Transportation of Infectious Substances (to humans or animals) offers more information. Refer to 
Chapter 15 for transportation-related information. 

 

 
 

Figure 51. Sample Infectious Substance in Primary Container 

(Source: USDOT) 

Hazardous biological materials, including infectious substances to humans or animals, are categorized as 
Division 6.2 Infectious Substance under the HMR. For transportation purposes under DOT, a pathogen is 
a micro-organism (including bacteria, viruses, rickettsia, parasites, fungi) or other agent, such as a 
proteinaceous infectious particle (prion), that can cause disease in humans or animals. Furthermore, 
pathogens have a tier system: Category A or Category B. Category A is an infectious substance that is in a 
form capable of causing permanent disability or life-threatening or fatal disease in otherwise healthy 
humans or animals when exposure to it occurs. An exposure occurs when an infectious substance is 
released outside of its protective packaging, which may result in physical contact with humans or animals. 
Category B classifies an infectious substance as not in a form generally capable of causing permanent 
disability or life-threatening or fatal disease in otherwise healthy humans or animals when exposure to it 
occurs. This includes infectious substances transported for diagnostic or investigational purposes. 
Specialized packaging and bill of lading may be required. For air transportation, for example, 
carrying most dangerous goods on your person, in carry-on or baggage is strictly prohibited. In some 
instances, carrying specimens on your person may be allowed when the regulatory body with 
jurisdiction (e.g., USDA APHIS) issues a permit in advance and a Declaration Form is obtained in 
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advance and is provided to the U.S. Customs and Border Protection upon entering the U.S. 
 

 
 

Figure 52. Category A Packaging 

(Source: DOT) 

The HMR govern transportation of hazardous materials to, from, or within the United States by 
aircraft, vessel, rail car, or motor vehicle. The ICAO Technical Instructions govern the international 
transportation of hazardous materials by passenger- and cargo- carrying aircraft. To facilitate the safe 
and efficient transportation of hazardous materials in international commerce, the HMR permit both 
domestic and international shipments of hazardous biological materials to be offered for 
transportation and transported by air under provisions of the ICAO Technical Instructions. For ease 
of compliance with appropriate regulations, carriers engaged in the transportation of hazardous 
materials by aircraft generally elect to comply with the ICAO Technical Instructions.  
The airline industry has developed its own manual to assist shippers and carriers in complying with 
applicable transportation regulations – the IATA’s Dangerous Goods Regulations (DGR) manual. 
This manual focuses primarily on the ICAO and IATA air transportation requirements. 
 
Regulated Medical Waste 
Packaging requirements for regulated medical waste, including detailed inner packaging requirements for 
each type. Consult with the APHIS Environmental Protection Program Manager or the Location 
Environmental Specialist. Additional guidance for handling solid waste can be found in Managing Solid 
Waste Contaminated with a Category A Infectious Substance. 

 

https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/docs/transporting-infectious-substances/72491/cat-waste-planning-guidance-final-2019-08-key-points.pdf
https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/docs/transporting-infectious-substances/72491/cat-waste-planning-guidance-final-2019-08-key-points.pdf
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Figure 53. Regulated Medical Waste 

(Source: DOT) 

 

Exceptions 
According to §6.3.2.3.8 of the ICAO Technical Instructions, specimen packages marked as “Exempt 
human specimen” or “Exempt animal specimen” are not regulated under the HMR. In the United States, 
the mark “Exempt Human Specimen” or “Exempt Animal Specimen” is an indication that there is no 
infectious substance in the package. Packages bearing these marks may be accepted by an air carrier that 
has made a business decision not to accept hazardous materials. 
On a similar note, use of a privately owned vehicle (POV) or a government owned vehicle (GOV) to 
transport any hazardous biological material or excepted material “in commerce” on public roads is strictly 
discouraged as this form of transportation doesn’t meet the HMR requirements.  
 
Materials of Trade 
A Division 6.2 material, other than a Category A infectious substance, is eligible for the Materials of 
Trade exception when it complies with §173.6 HMR and it contains human or animal samples (including, 
but not limited to, secreta, excreta, blood and its components, tissue and tissue fluids, and body parts) 
being transported for research, diagnosis, investigational activities, or disease treatment or prevention, or 
it is a biological product or regulated medical waste that is eligible for materials of trade exceptions. 
Section 173.6 of the HMR describes the packaging and transport requirements for this exception. Note: 
There are specific quantity limitations. 
 
Importation 
When importing biological materials into the United States, ensure you include a copy of any applicable 
CDC, APHIS, or other applicable permits to make sure package is not confiscated by CBP at the port of 
entry. Follow the IATA DGR manual. Refer to Chapter 15-Importation, Interstate, and Permit 
requirements in this manual. 
 
Exportation of hazardous biological materials and related technology 
The U.S. Department of Commerce (DOC) regulates the exportation of hazardous biological materials 
and related technology. Similarly, the country to which a shipment of hazardous biological materials is 
planned may have its own set of permit requirements or regulations when importing material to said 
country. As such, it is recommended to consult with the point of contact in the receiving country to ensure 
all forms and procedures are followed to prevent unnecessary delays. Also, consult with your safety and 
health staff, including biosafety officer (BSO) for security reasons and to ensure that the request is 
legitimate and not made by bad actors who may wish to use the materials for nefarious purposes. 
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Exportation of biological select agents and toxins is regulated by the Federal Select Agent Program 
(FSAP). Follow FSAP requirements. Refer to Chapter 15 – Import, Transport and Export Permits for 
country specific exportation (into their countries) requirements. 
 
Incident Reporting 
Employees must report any release of an infectious substance (Category A or B) in any mode of 
transportation to their supervisor who must use the APHIS First Online Report of Incident, Accident, 
Injury or Illness, and report to the DOT and local or State authorities. Ensure all incidents are 
documented, investigated to determine root cause, and share lessons learned. See §171.15 of the HMR for 
telephone reporting requirements and §171.16 for written report requirements. 
 
Training Requirements 
Persons who engage in preparing, packaging, or offering for transport hazardous biological materials 
must receive training every 3 years for domestic transportation or every 2 years for international 
transportation. Training must include: 

• General awareness/familiarization training 

• Function-specific training 

• Safety training 

• Security awareness training 

• In-depth security training (if subject to security plan requirements). 

Security Plan 
Persons who offer for transport or transport select agents and toxins regulated by the CDC under 42 CFR 
Part 73 or the USDA under 9 CFR Part 121 must develop and implement security plans in accordance 
with §172.800 through §172.804. 

Live Animals or Animal Materials infected with Pathogens 
Live animals or animal materials infected with infectious substances (e.g., pathogens) must be classified 
as Category A or Category B, accordingly. Refer to the ICAO classification criteria for infected animals 
or animal materials Model Regulations: 2.6.3.1.3; 2.6.3.1.4; 2.6.3.6.1 and 2.6.3.6.2. Likewise, the 
National Academy of Sciences (NAS) Transportation of Animals, Workshop Proceedings and the USDA 
Animal Welfare Regulations provide further information concerning humanely transportation of live 
animals. 

Plants or plant material 
Plants, plant material, and plant pests transportation is regulated by the USDA APHIS or State 
departments of agriculture. Ensure packaging consists of primary and secondary packaging to prevent a 
potential release or spill while in transit.  
 
Select Agents and Toxins 
Transportation, importation and exportation of biological select agents and toxins (BSATs) is only 
permitted upon obtaining proper permits from the Federal Select Agent Program. Follow DOT and IATA 
regulations accordingly. Also, a security plan for transport of select agents is required. Refer to item #9 
above. 

Ebola 
For the packaging of Ebola contaminated waste, refer to the Packaging of Ebola Contaminated Waste 
page. 

file://AAPMDRD3MRFS11/home/mrpbs/enfabregas/APHIS%20Biosafety%20Manual,%20Directive%20&%20SOPs/APHIS%20Biosafety%20(Biorisk%20Management)%20Manual/2022_508_Compliant%20&%20Comments%20from%20Programs/my.APHIS%20|%20Emergency%20Management,%20Safety,%20and%20Security%20(usda.gov)
file://AAPMDRD3MRFS11/home/mrpbs/enfabregas/APHIS%20Biosafety%20Manual,%20Directive%20&%20SOPs/APHIS%20Biosafety%20(Biorisk%20Management)%20Manual/2022_508_Compliant%20&%20Comments%20from%20Programs/my.APHIS%20|%20Emergency%20Management,%20Safety,%20and%20Security%20(usda.gov)
http://www.selectagents.gov/
https://www.phmsa.dot.gov/transporting-infectious-substances/packaging-ebola-contaminated-waste
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COVID-19 
For information on transporting COVID-19 specimens for diagnostic (e.g., zoo animals), cultures, isolates 
and medical waste, see the DOT COVID-19 Information page.  

Infectious Substance Special Permits 
A special permit from the DOT is only required when, for a specific reason, a shipper or carrier is unable 
to comply with the Hazardous Materials Regulations (HMR) as written. The DOT carefully reviews and 
approves alternative actions and requirements to ensure that an equivalent level of safety to the HMR is 
maintained. For important information on infectious substance special permits, including the special 
permit for Ebola contaminated waste, see the Infectious Substance Special Permits page. 
 
Recombinant or Synthetic Nucleic Acid Molecules 
The NIH Guidelines for Recombinant or Synthetic Nucleic Acid Molecules also provide information on 
their shipment. 
 
Cryogens used in Packaging & Shipping 
Cryogens such as dry ice and liquid nitrogen are often used in packaging when shipping hazardous 
biological materials that need to be maintained under certain environmental conditions.  Because 
cryogens can sublimate oxygen, cause burns, and cause an explosion if not packaged properly, safety 
measures must be taken when using them. Make sure to use adequate gloves and PPE, in a well- 
ventilated area. When shipping with dry ice or liquid nitrogen, make sure to use an adequate amount to 
last the entire length of time the package will be in route. Consult with safety and health staff for 
assistance. All staff involved in the packaging, labeling, and shipping of hazardous biological materials 
must be fully trained per DOT and IATA requirements. 
 

https://www.phmsa.dot.gov/transporting-infectious-substances/covid-19-information
https://www.phmsa.dot.gov/transporting-infectious-substances/infectious-substance-special-permits
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CHAPTER 15:  IMPORT, TRANSPORT, AND EXPORT PERMITS 
 

Background  
Many microorganisms, toxins, vectors, other infectious substances and hazardous biological materials, 
plants or plant pests, arthropods or nematodes, soil samples, livestock, and other infected animals require 
special permits for import, interstate movement, or export. These permits are provided by the Centers for 
Disease Control and Prevention (CDC) and/or USDA APHIS National Import and Export Services 
(NIES), including permits for zoonotic agents.  Also, regulated select agents and toxins have additional 
transfer requirements. When APHIS employees import hazardous biological materials into the U.S., 
ensure you adhere to all DOT or IATA requirements for shipping hazardous biological materials and 
include a copy of any applicable permits visibly in the package or bill of lading to make sure package is 
not confiscated at the port of entry. Do not carry hazardous biological materials on yourself when 
travelling back into the US (air, road, railway or boat) unless you have obtained necessary US permits and 
Customs and Border Protection (CBP) clearance documentation. Otherwise, you may risk confiscation, 
penalties or other measures. For additional information on imports and exports, refer to the USDA APHIS 
| Imports and Exports webpage. 

a. Human Infectious Substances. In general, a permit is needed for any 
infectious agent known or suspected to cause disease in humans that you 
wish to import into the United States and its territories. In some cases, 
subsequent distribution of an agent is prohibited within the United States 
and requires CDC authorization or permit prior to transfer to another 
location within the U.S. These permits may be obtained from the CDC-
Import Permit Program (IPP). 

b. Materials pathogenic to livestock (including poultry), plant pathogens, 
plant pests, and arthropod plant pests. All biological agents or organisms, 
or derivatives, that are pathogenic to livestock or poultry may require an 
importation or interstate transport permit from APHIS and/or states (e.g., 
CA). Some exclusions may apply. Below are a few programs that issue 
these permits. 

(1) Animal Health. Veterinary Services (VS) animal health permits 
for importing controlled material, organisms, vectors, animal 
products, cell cultures and  their products, live animals, semen, 
and embryos through the Strategy and Policy (S&P). 

(a) S&P regulates the import, export, and interstate 
movement of all animals and animal products (e.g., 
tissues, blood, semen, and organisms and vectors), 
including those that are genetically engineered. 

(b) Center for Veterinary Biologics (CVB) regulates and 
requires veterinary biologics permits for veterinary 
biologics. Examples of veterinary biologics may include: 
vaccines, antibodies, diagnostic kits, and certain 
immunomodulators, including those developed using     
genetically engineered organisms. 

(2) Prions 

Prion proteins such CWD, BSE are controlled by APHIS S&P 
permitting for import and interstate movements. 

https://www.aphis.usda.gov/aphis/ourfocus/importexport
https://www.aphis.usda.gov/aphis/ourfocus/importexport
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(3) Plant Health. APHIS requires permits for the using, storing, 
import, and interstate movement of plant pathogens and plant 
pests. Plant pathogens include nematodes, bacteria, fungi, 
viruses, viroid’s, phytoplasmas, or any organisms similar to or 
allied with any of the foregoing, or any infectious substances 
which can directly or indirectly injure or cause disease or damage 
in any plants or parts thereof, agricultural crops, or any 
processed, manufactured, or other products of plants. Also, refer 
to the APHIS Containment Guidelines. 

c. Genetically Engineered Organisms. APHIS uses the term biotechnology 
to mean the use of recombinant DNA or synthetic biology technology, or 
genetic engineering (GE) to modify living organisms. APHIS regulates 
certain GE organisms that may pose a risk to plant or animal health. In 
addition, APHIS participates in programs that use biotechnology to 
identify and control plant and animal pests.  

In addition to permits for genetically engineered organisms, there may 
be other Agency requirements based upon other characteristics of the 
organism or product. 

d. Select Agents and Toxins. Laboratories must be registered with the CDC 
and/or APHIS as regulated under Title 42 CFR Part 73, Possession, Use, 
and Transfer of Select Agents and Toxins; Final Rule, and/or 7 CFR Part 
331 or 9 CFR Part 121 Agricultural Bioterrorism Protection Act of 2002; 
Possession, Use and Transfer of Biological Agents and Toxins; Final 
Rule. Likewise, fieldwork research with Brucella species must be 
registered as well. Research may only be conducted following compliance 
with all Departmental, Agency, and Federal registration requirements. 
Select agents may only be transferred to or from any CDC and/or APHIS 
laboratory or location with the required approvals, including the approval 
by the Federal registering authority (CDC or APHIS).  

In addition, pre-authorization is required from CDC, APHIS, or both, to 
ship or receive the select agents and toxins internationally or domestically.  

e. Fish and Wildlife Service Permits. The import, export, or re-export of a 
wildlife or plant specimen may be regulated by a conservation law or treaty 
(e.g., Endangered        Species Act) implemented by the U.S. Fish and Wildlife 
Service (FWS). These laws are part of domestic and international 
conservation efforts to protect wildlife and plants subject to international 
trade. Wildlife is any living or dead wild animal, its parts, and products 
made from the animal. Wildlife not only includes mammals, birds, reptiles, 
amphibians, and fish, but also invertebrates such as insects, crustaceans, 
arthropods, mollusks, and coelenterates.  The FWS permits website should 
be used to determine whether a wildlife or plant specimen    requires a permit 
and how to obtain a permit.  

f. Food and Drug Administration (FDA) Import Permits. All food (except 
most meat and poultry products), drugs, biologics, cosmetics, medical 
devices, and electronic products that emit radiation require a permit or 
registration before importation into the United States. 

g. FSIS 

https://www.fws.gov/service/permits
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Meat and poultry products 

Exporting From the United States 

a. USDA Export. APHIS PPQ maintains the deemed export program for the 
United States exporters of U.S. and foreign-origin agricultural 
commodities. The export program does not require certification of any 
exports but does provide certification of commodities as a service to U.S.  
exporters. 

b. Animal and Animal Product Export Information. International health 
certificates           for the export of animals or animal product from the U.S. are 
completed by the accredited veterinarian who certifies herd and animal 
health status, conducts tests, and records test results for the individual 
animals being exported. Completed and signed international health 
certificates for the export of animals or animal products from the U.S. 
must be endorsed by a VS area office in order to be valid. Refer to the 
International Regulations Export Goods (IREGs). 

c. DOC Export Administration Regulation. The DOC controls the export of 
all goods, technologies, and software not regulated by another 
Government agency. The most relevant export controls are those 
administered by the DOC, Bureau of Industry and Security (BIS), which 
maintains the Export Administration Regulations (EAR) database. An 
important component of EAR is the Commerce Control List (CCL), which 
has a section of the regulations that lists specific goods, technologies, and 
software that are deemed exports, the countries to which those items may 
or may not be exported, and any special restrictions or exceptions that 
may apply. Additionally, an import permit may be required in the country 
where the package is being shipped. 

A permit may be required from DOC when exporting biological agents 
such as human, animal, and plant pathogens or toxins; genetic elements 
and GMOs; and products that might be used for culturing large amounts of 
agents. If your shipment requires an export license, it must be completed 
and approved by the appropriate Government agency prior to shipment. 
For more information, see the  DOC BIS website. 

Country-specific Importation Permits (when needing to exporting to other countries) 

Before APHIS employees ship any animal or plant health hazardous 
biological agents or toxins, or associated materials, ensure to obtain necessary 
approvals from upline management before doing so and seek guidance from 
APHIS Biosafety Officer. Never ever ship any animal or plant health 
hazardous biological agents or toxins, or associated materials to any 
individual who makes requests via email, online or social media. Always 
verify legitimacy of request. Refer to each country’s specific requirements. 
Oftentimes, it is recommended to use the services of a broker that specializes 
in this area of expertise. Refer to www.ABSA.org for most current 
information. Table below provides general information. 

 

https://www.bis.doc.gov/index.php/policy-guidance/product-guidance/chemical-and-biological-controls
http://www.absa.org/
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The 
Australia 
Group List 

List of Human and 
Animal Pathogens 
and Toxins for 
Export Control 

List of plant 
pathogens for 
Export Control 

https://www.dfat.gov.au/publications/minisite/theaustraliagroupnet/site/en/human_animal_pathoge
ns.html 

 

https://www.dfat.gov.au/publications/minisite/theaustraliagroupnet/site/en/plants.html 

France List of Controlled 
Organisms 

https://www.esrf.fr/Infrastructure/Safety/Experiments/Biology_Experiments/afssaps/list-of-
controlled-organisms  

Legal text: Arrêté du 30 avril 2012 fixant la liste des micro-organismes et toxines prévue à l'article L. 
5139-1 du code de la santé publique https://www.legifrance.gouv.fr/loda/id/LEGITEXT000025855276/  

Mexico US Select Agents 
and Toxins 
List/Australia 
Group List 

https://www.selectagents.gov/sat/list.htm 

https://www.dfat.gov.au/publications/minisite/theaustraliagroupnet/site/en/human_animal_pathoge
ns.html 

https://www.dfat.gov.au/publications/minisite/theaustraliagroupnet/site/en/plants.html 
Singapore Biological Agents 

and Toxins List 
https://www.moh.gov.sg/docs/librariesprovider7/useful-info-and-guidelines-
documents/list_of_biological_agents_and_toxins.pdf  

United 
States 

Select Agent and 
Toxins List 

https://www.selectagents.gov/sat/list.htm 

United 
States 

US Department of 
Commerce Export 
Control List  -
Special Materials 
and Related 
Equipment, 
Chemicals, 
“Microorganisms,” 
and “Toxins” 

https://www.bis.doc.gov/index.php/documents/regulations-docs/2332-category-1-materials-
chemicals-microorganisms-and-toxins-4/file  

United 
Kingdom 

Specified Animal 
Pathogens Order 
(SAPO) 

https://www.hse.gov.uk/biosafety/sapo.htm  

United 
Kingdom 

Anti-terrorism, 
Crime and 
Security Act 
(ACTSA) Schedule 
5 pathogens 

https://www.legislation.gov.uk/ukpga/2001/24/schedule/5 

Canada Security Sensitive 
Biological Agents 
(SSBAs) that are 
included in 
Schedule 1 of the 
Human Pathogens 
and Toxins 
Regulations 
(HPTR) 

https://lois-laws.justice.gc.ca/eng/regulations/SOR-2015-44/index.html  

On the below website, filter search by ‘SSBA’ and get the full list for Canada: 
https://health.canada.ca/en/epathogen 

 

Israel Adopted the US 
Select Agent Rule 
list 

 

European 
Union 

EU Dual use 
Regulation  

Regulation (EU) 2021/821 of the European Parliament and of the Council of 20 May 2021 setting up a 
Union regime for the control of exports, brokering, technical assistance, transit and transfer of dual-
use items. EUR-Lex - 32021R0821 - EN - EUR-Lex (europa.eu) – always check the most recent 
consolidated version of this legislative text to have the updated list. 

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.dfat.gov.au%2Fpublications%2Fminisite%2Ftheaustraliagroupnet%2Fsite%2Fen%2Fhuman_animal_pathogens.html&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801743312%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=uLizfyKVougCDfJBewwQwdeCQuPnKPFOT8ISMyZX2Vo%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.dfat.gov.au%2Fpublications%2Fminisite%2Ftheaustraliagroupnet%2Fsite%2Fen%2Fhuman_animal_pathogens.html&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801743312%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=uLizfyKVougCDfJBewwQwdeCQuPnKPFOT8ISMyZX2Vo%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.dfat.gov.au%2Fpublications%2Fminisite%2Ftheaustraliagroupnet%2Fsite%2Fen%2Fplants.html&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801743312%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=0XmxjMuHrhqf7ojkVXGzWWXpC4uGqI983eXhSQfbDMQ%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.esrf.fr%2FInfrastructure%2FSafety%2FExperiments%2FBiology_Experiments%2Fafssaps%2Flist-of-controlled-organisms&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801743312%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=FxdSka5ZMds56X%2BD7qSBIgCmC%2Bj4MF%2FjFReGQ1I2K0g%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.esrf.fr%2FInfrastructure%2FSafety%2FExperiments%2FBiology_Experiments%2Fafssaps%2Flist-of-controlled-organisms&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801743312%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=FxdSka5ZMds56X%2BD7qSBIgCmC%2Bj4MF%2FjFReGQ1I2K0g%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.legifrance.gouv.fr%2Floda%2Fid%2FLEGITEXT000025855276%2F&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801743312%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=9neLrGb4RmIex30u%2F9AZArfxMhLZgprOaMTclR2SQAY%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fsecure-web.cisco.com%2F1onDt-XVnkPb8_DoEcRTg3RVbXfeDdraQUh_Y8kX5yfyCzFN68dKIT1u31L_Gsl2WKg8OqNMrYB4xmVpawQVvI8KgVRAOjJmDUnhM09MPo-u6CZVNOWTrpXqOiUjWs58JfoiKWngj92uPxnvISG1dcHNNWU0clnx5F08n_f9uclEKGPATMDR2ctFP9FnsTHa41MYXyEhE_1S49MbQhVQ5wlD5uhCSiJgNXstcJbqxh7t0vk27G09qdvWFNu5htwbg4ffUdJXnSy1yE5RltM7qQPIbRLUid7yGbAzTmsn3E2GR3zjLoDurRunQfYuCXZURGbDg1IV7oY9ShNukoGdRE6pI-Fn13exNWzKnihYR2Q4%2Fhttps%253A%252F%252Fwww.selectagents.gov%252Fsat%252Flist.htm&data=05%7C01%7C%7C42f9d50fa387486a6df908da80554162%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963400898978686%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=2lan8JTsQm6xk2kbVGPdrmF%2BpzXd%2FoUX61iERQGnDfk%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.dfat.gov.au%2Fpublications%2Fminisite%2Ftheaustraliagroupnet%2Fsite%2Fen%2Fhuman_animal_pathogens.html&data=05%7C01%7C%7C42f9d50fa387486a6df908da80554162%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963400898978686%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=UIovi99Nri7RBXLXk%2BxC%2BEP%2F15SuRqIcS7vGDB6cGmg%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.dfat.gov.au%2Fpublications%2Fminisite%2Ftheaustraliagroupnet%2Fsite%2Fen%2Fhuman_animal_pathogens.html&data=05%7C01%7C%7C42f9d50fa387486a6df908da80554162%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963400898978686%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=UIovi99Nri7RBXLXk%2BxC%2BEP%2F15SuRqIcS7vGDB6cGmg%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.dfat.gov.au%2Fpublications%2Fminisite%2Ftheaustraliagroupnet%2Fsite%2Fen%2Fplants.html&data=05%7C01%7C%7C42f9d50fa387486a6df908da80554162%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963400898978686%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=zAol%2Bm2NMyPDlfLc6X7x0nQB2Bj6luaH3NQ5HJ7DZqI%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.moh.gov.sg%2Fdocs%2Flibrariesprovider7%2Fuseful-info-and-guidelines-documents%2Flist_of_biological_agents_and_toxins.pdf&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801743312%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=UMkLrZIkq78RzAlWLm4juOJYzrSA6KCRRTRczr6PRg0%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.moh.gov.sg%2Fdocs%2Flibrariesprovider7%2Fuseful-info-and-guidelines-documents%2Flist_of_biological_agents_and_toxins.pdf&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801743312%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=UMkLrZIkq78RzAlWLm4juOJYzrSA6KCRRTRczr6PRg0%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fsecure-web.cisco.com%2F1onDt-XVnkPb8_DoEcRTg3RVbXfeDdraQUh_Y8kX5yfyCzFN68dKIT1u31L_Gsl2WKg8OqNMrYB4xmVpawQVvI8KgVRAOjJmDUnhM09MPo-u6CZVNOWTrpXqOiUjWs58JfoiKWngj92uPxnvISG1dcHNNWU0clnx5F08n_f9uclEKGPATMDR2ctFP9FnsTHa41MYXyEhE_1S49MbQhVQ5wlD5uhCSiJgNXstcJbqxh7t0vk27G09qdvWFNu5htwbg4ffUdJXnSy1yE5RltM7qQPIbRLUid7yGbAzTmsn3E2GR3zjLoDurRunQfYuCXZURGbDg1IV7oY9ShNukoGdRE6pI-Fn13exNWzKnihYR2Q4%2Fhttps%253A%252F%252Fwww.selectagents.gov%252Fsat%252Flist.htm&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801743312%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=oSzzqapROEF%2FVlnS0XjFxSpsr9RC5FsPVIDczujV%2Bpc%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.bis.doc.gov%2Findex.php%2Fdocuments%2Fregulations-docs%2F2332-category-1-materials-chemicals-microorganisms-and-toxins-4%2Ffile&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801899542%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=ZOXYL85KDa%2BXcBS%2BMNXvmN4hBxfQ%2FzRd%2F9%2BPgobB7x8%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.bis.doc.gov%2Findex.php%2Fdocuments%2Fregulations-docs%2F2332-category-1-materials-chemicals-microorganisms-and-toxins-4%2Ffile&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801899542%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=ZOXYL85KDa%2BXcBS%2BMNXvmN4hBxfQ%2FzRd%2F9%2BPgobB7x8%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.hse.gov.uk%2Fbiosafety%2Fsapo.htm&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801899542%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=270Tge7dHlJeWmxhTEQgqQO%2BXx0fGjJO9tMRhw1ik60%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.legislation.gov.uk%2Fukpga%2F2001%2F24%2Fschedule%2F5&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801899542%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=oI7ksz9imVfkszVY5k452qn0Cc3mh0LfYxl39HzHTD4%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Flois-laws.justice.gc.ca%2Feng%2Fregulations%2FSOR-2015-44%2Findex.html&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801899542%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=XYe1I%2BHmfqQRBsi1dRx5Bgi00TqXkfHwyT6I7fIOOGI%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fhealth.canada.ca%2Fen%2Fepathogen&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801899542%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=JdAwKQNi0p%2FwsCSID9hu3lBpB75wqDDQTwyLWrngIh8%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Feur-lex.europa.eu%2Flegal-content%2FEN%2FTXT%2F%3Furi%3DCELEX%253A32021R0821&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801899542%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=1hWEpNg%2FPFWqiY6vrEt%2Fb3zfDyD%2FVYD6JEgdCNmRgUo%3D&reserved=0
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1C351 : Human and animal pathogens and "toxins" 

1C353 : 'Genetic elements' and 'genetically-modified organisms' 

1C354: Plant pathogens 

 
Switzerland State Secretariat 

for Economic 
Affairs (SECO) 

https://www.seco.admin.ch/seco/en/home/Aussenwirtschaftspolitik_Wirtschaftliche_Zusammenarbei
t/Wirtschaftsbeziehungen/exportkontrollen-und-sanktionen/industrieprodukte--dual-use--und-
besondere-militaerische-gueter.html 

 

 

Transport (APHIS intra-entity, diagnostic activities, research, or surveillance within continental USA). 

When transporting hazardous biological materials as a result of diagnostic 
activities, research, or surveillance, APHIS employees must do so in such a 
way to prevent accidental spills or release inside vehicles or into the 
environment, as well as maintain “chain-of custody” to prevent loss or theft. 
Use leak-proof containers or sealable bags, identify contents, and secure them 
while in transit to prevent tipping over and potential accidental releases. 
Government-owned vehicles (GOV) must used whenever feasible. Use of 
personal vehicles is strongly discouraged, unless it is absolutely necessary 
(e.g., GOV is not available or breaks down). Should a spill or release into 
GOV or personal vehicle were to occur, vehicle must be disinfected with 
appropriate disinfectant and a report must be filed by the supervisor using the 
APHIS Online First Report of Incident, Accident, Injury or Illness in a timely 
manner. Personal vehicles used for government-related diagnostic, research, 
or surveillance activities may become contaminated further exposing private 
citizens, family members, pets, and may help spread disease unto other farms 
or geographic areas. 

Transportation in commerce 

When transporting hazardous biological materials on public roads, intra-state, 
across State lines or abroad, APHIS employees must follow DOT and IATA 
packaging and shipping requirements to prevent loss, theft or release into the 
environment. Refer to Chapter 14-Shipping of Hazardous Biological 
Materials in this manual. 

 

 

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.seco.admin.ch%2Fseco%2Fen%2Fhome%2FAussenwirtschaftspolitik_Wirtschaftliche_Zusammenarbeit%2FWirtschaftsbeziehungen%2Fexportkontrollen-und-sanktionen%2Findustrieprodukte--dual-use--und-besondere-militaerische-gueter.html&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801899542%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=xmMLdUFFyXuR0jmN6r9k35IiX8ZC%2FGMuuRZwMsqbV0M%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.seco.admin.ch%2Fseco%2Fen%2Fhome%2FAussenwirtschaftspolitik_Wirtschaftliche_Zusammenarbeit%2FWirtschaftsbeziehungen%2Fexportkontrollen-und-sanktionen%2Findustrieprodukte--dual-use--und-besondere-militaerische-gueter.html&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801899542%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=xmMLdUFFyXuR0jmN6r9k35IiX8ZC%2FGMuuRZwMsqbV0M%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.seco.admin.ch%2Fseco%2Fen%2Fhome%2FAussenwirtschaftspolitik_Wirtschaftliche_Zusammenarbeit%2FWirtschaftsbeziehungen%2Fexportkontrollen-und-sanktionen%2Findustrieprodukte--dual-use--und-besondere-militaerische-gueter.html&data=05%7C01%7C%7C9659604c699e497d86ab08da801ca795%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637963157801899542%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=xmMLdUFFyXuR0jmN6r9k35IiX8ZC%2FGMuuRZwMsqbV0M%3D&reserved=0


 

130 
 

CHAPTER 16:  PLANT AND PLANT PESTS BIOSAFETY, AND BIOCONTAINMENT  
 

Background 
The primary goal of plant biosafety and biocontainment is to prevent the accidental or intentional release 
of potentially detrimental organisms or microorganisms, exotic germplasm, plants (exotic, non-indigenous) or 
plant pests (e.g., arthropods, nematodes) that may cause plant diseases into the environment and may cause 
damage to crops or nursery plants. However, there are a few organisms that may be detrimental to human 
health, explained further in this chapter. APHIS employees working in a greenhouse or laboratory setting, 
as well as conducting fieldwork activities, need to be cognizant of these hazards and take necessary 
precautions, which may include wearing use of engineering controls and administrative controls when 
feasible and PPE (e.g., respiratory protection). For that reason, a site- or task-specific RA should be 
performed. Additional information can be found at: Containment Facility Guidelines for Viral Plant 
Pathogens and their Vectors; Containment Facility Guidelines for Fungal Plant Pathogens (e.g., 
Phytophthora, Pythium, and other Oomycetes); Arthropod Containment Guidelines by American 
Committee of Medical Entomology; and Containment Guidelines for Plant Pathogenic Bacteria. 
Appendix P of the NIH Guidelines deals with plant and plant pests biosafety and biocontainment when use 
of recombinant of synthetic biology is used. The ARS Manual 242 Facilities Design Standards and A 
Practical Guide to Containment: Greenhouse Research with Transgenic Plants and Microbes are 
additional resources to take into consideration. 
 
Plant-associated organisms or microorganisms include those known to cause plant disease, such as 
viroid’s, virusoids, viruses, bacteria, and fungi, as well as protozoa and microorganisms that have a benign 
or beneficial association with plants, such as certain Rhizobium species. These organisms or pests may be 
handled under containment, either in greenhouses, growth chambers, or tissue culture rooms. In some 
instances, some plant organisms like fungi and others have been found to cause infections in humans as 
well. A few organisms infectious to plants have been categorized as plant select agents.  
APHIS Plant Pest and Quarantine (PPQ) efforts to study or identify plant diseases and pests, some of which 
may be non-indigenous to the U.S., may need to take place under strict biocontainment and biosafety 
measures. 
 
APHIS has authority under the Plant Protection Act (a subsection of the Agricultural Risk Protection Act) 
to protect plants and plant products from pests and disease. Under  the Coordinated Framework for the 
Regulation of Biotechnology, this authority was extended to cover organisms modified or developed 
using genetic engineering. APHIS also adheres to international standards created by the International 
Plant Protection Convention. Within APHIS, two operational programs are primarily devoted to plants 
and plant-associated organisms—PPQ  and Biotechnology Regulatory Services (BRS). PPQ focuses on 
the “the risks associated with the entry, establishment, or spread of animal and plant pests and noxious 
weeds to ensure an abundant, high quality, and varied food supply.” Any movement, defined as 
importation, interstate movement, or release into the environment, of any plant pest requires a permit 
from APHIS-PPQ unless the organism is regulated by APHIS-BRS. BRS is the lead program on plant 
biotechnology and regulates the movement of plants and other organisms modified or developed using 
genetic engineering that may pose a risk to plant health, and of plants modified to produce plant-made 
pharmaceuticals and industrial (PMPI) products. Any movement of such an organism requires a permit 
from APHIS-BRS. 
 
Plant Biosafety and Biocontainment Levels  
Biosafety levels (BSLs) provide a description of a combination of administrative controls, work practices 
and procedures, equipment, and facility features required to achieve a designated level of containment. 
The purpose of containment is to prevent the        transfer of propagules and other organisms from inside the 
laboratory, greenhouse, tissue      culture room, or growth chamber to receptive environments outside the 
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containment facility. 
 
The NIH Guidelines describe the four physical containment levels for experiments involving recombinant 
DNA molecules or synthetic biology. Appendix P of the NIH Guidelines was created to    categorize 
experiments for recombinant DNA research involving plants according to specific risk criteria. 
Experiments may be assigned to one of four biosafety levels (BSLs), BL1-P through BL4-P. The 
Guidelines also specify the physical and biological containment conditions and practices required for 
greenhouse experiments for each BSL. 
 
When PPQ evaluates the containment capabilities of a facility, physical and operational        characteristics are 
examined relative to the risks of the organisms and their methods of actual or potential dispersal from the 
facility. The operational characteristics of the facility are developed by the applicant and a SOP may be 
used to prepare this document.  
 
Laboratory biosafety, which uses the CDC/NIH Biosafety in Microbiological and Biomedical 
Laboratories (BMBL) designations BSL-1 through BSL-4, is primarily concerned with worker and 
research subject protection, as well as environmental protection. When working with plant materials, 
environmental and agricultural protection is the primary concern, though worker protection can be a 
concern as well. There are a significant number of organisms that can infect both plants and humans. As 
discussed in the Biological Safety Principles and Practices (latest edition), as well as in other literature, 
some plant-associated organisms which may prevent plant disease (e.g., biocontrol agents) nevertheless 
can cause human allergies or disease. In humans, for example, both Burkholderia cepacia and 
Pseudomonas aeruginosa have become important pathogens in cystic fibrosis. Multiple species in the 
genera Alternaria, Aspergillus, Bipolaris, Colletrotrichum, Curvularia, and Fusarium have been 
implicated in human disease. Valley Fever, which may cause Coccidiodo-mycosis, and Histoplasma 
capsulatum, which may cause Histoplasmosis can be found in soil in North America and can cause 
infections in humans. Other emerging diseases may occur. Also at risk are susceptible individuals who are 
immunocompromised, such as bone marrow and organ transplant recipients, cancer patients being treated 
with chemotherapy, critically ill persons, very-low-weight infants, and persons with certain other 
infections, notably human immunodeficiency virus (HIV). In recent times, Aspergillus, Mucorales and 
Candida species, including Candida auris co-infections w COVID-19  www.nature.com/articles/s41564-
022-01172-2 
 
Potential Risks to Humans - Allergens, Toxins and other Proteins 

• Allergens from plants, animals and microorganisms – examples: 

• Pollen 

• Spores  

• Scales, hairs, urine, fecal material … 

• Dust and aerosols containing organisms / organism parts 

• Toxins, including endotoxins, exotoxins, toxins of dual use potential 
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ORGANISM PLANT 
DISEASE/ASSOCIATION 

HUMAN 
DISEASE/MALADY 

Bacteria 
  

Enterobacter 
cloacae 

Biocontrol Agent (Punja, 
1977) 

Septicemia, respiratory 
tract infections 

(Jochimsen et al, 1998) 

Serratia 
marcenscens 

Crown rot of alfalfa (Lukezic 
et al, 1982); biocontrol agent 

Nosocomial infections 
(Sokalskiet et al, 1992) 

Fungi 
  

Fusarium sp Rots, toxigenic compounds, 
wilts in many hosts, e.g., 

corn (maize), sorghum, millet 

Keratitis, 
anychomycosis, skin 
infections (Procop & 

Roberts, 1998) 

Figure 54. Examples of Plant-Associated Diseases in Humans 

(Source: Joe Kozlovac, USDA, PPE IBC Workshop, 2010) 

 

The USDA-ARS created the biosafety level designation BSL-3Ag for special situations in which high 
containment is required in an agricultural      setting. Although used primarily for animal and zoonotic 
diseases, plant work has sometimes been placed under the designation. For example, research and 
diagnosis of exotic (non-endemic) plants, plant pests or plant material, or germplasm. 
 
There are other BSLs designations found in the U.S. and around the world for plant pests, and arthropods. 
For example, the American Society of Tropical Medicine and Hygiene developed the Arthropod Containment 
Guidelines. To date, the NIH BSLs are generally universally accepted as the most relevant for plant work, 
though there are ongoing efforts within USDA to develop agriculture containment and biosafety guidance 
inclusive of plants and plant pests. APHIS employees should perform a Risk Assessment that takes into 
consideration the following as a starting point.: 

a. Source and nature of the introduced DNA. 

(1) Exotic infectious agent or pathogenic organism. 

(2) Fragment of DNA or complete genome. 

b. Recipient organism. 

(1) Mode and ease of dissemination. 

(2) Invasiveness. 

(3) Noxious weed or capable of interbreeding with noxious weeds. 

(4) Potential for outcrossing between recipient organisms and related 
species. 

(5) Potential for detrimental impact on natural or managed ecosystems. 
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c. Nature of expressed protein. 

(1) Vertebrate toxin or potential or known allergen. 

(2) Toxic to other organisms in local environment. 

d. Local environment. 

(1) Nature and importance of nearby crops. 

(2) Presence of sexually compatible wild or weedy species. 

e. Experimental procedures. 

(1) Transport to or from greenhouse. 

(2) Necessary containment measures. 

 
Safety Assessment (early in Phase) 

 Part of the GM plant safety assessment. 

 Allergens vs. toxins. 

 Homology to an allergen: how much allowed? 

 Protein information. 

 Hazard/risk assessment – done in the biological planform. 

 
The determination of the appropriate level of containment is based on sound scientific principles and a 
thorough knowledge of the recipient organism and its mode of dissemination. A brief comparison of 
criteria used to assign an appropriate BSL is shown  in the table below, which shows that as the potential 
risk to the environment increases, increasingly stringent requirements for containment are indicated. When 
applicable, physical containment requirements may        be eased with the addition of biological containment 
measures, indicated by the “+” sign. According to the NIH Guidelines, BL4-P containment is 
recommended only for experiments with readily transmissible exotic infectious agents whether transgenic 
or not, such as airborne fungi or viruses in the presence of their arthropod vectors, that are potentially 
serious pathogens of major U.S. crops. 
 
Considerations When Selecting a Plant or Plant Pathogen Containment Level 

 Are sexually compatible, wild or weedy species capable of sustaining and/or spreading the 
genetic modifications present in area? 

 Is it necessary to transport material to/from the greenhouse on the highway? 

 Will arthropods or other vectors be used during the project? How will they be contained? 

 Are the proteins vertebrate toxins or potential known allergens? 

 Are the proteins toxic to other organisms in the environment? 

 What is the profile of the local environment?  
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 Are potential affected crops nearby? (ASR + local soy crops, Clubroot + Canola crops nearby?) 
This opens up another issue if you are working with a pathogen of concern in one facility and 
visit another facility that contains)  

 What experimental procedures may impact containment - spraying? 

 

 
Figure 55. Suggested Criteria for Assigning Biosafety Levels 

(Courtesy of Adair D. and Irwin, R. A Practical Guide to Containment: Greenhouse Research with 
Transgenic Plants and Microbes) 
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Physical Containment 
Primary physical containment is provided by both the facility and the containment equipment within the 
facility. Containment is maintained through the good laboratory and microbiological practices of staff 
who adhere to the facility SOPs to maintain the physical conditions required for containment and are 
trained to identify when conditions are not normal and take swift action. 
 
To plan a research greenhouse facility, the appropriate physical elements of containment must be driven 
by a risk assessment (RA) that takes into consideration various factors; plant health diseases and pests to 
be housed and handled in the facility, geographic location, seasonal considerations, vectors, etc. With 
knowledge of the degree of containment required for the anticipated research, one must then assess the 
need for spatial separation from related activities, other buildings, nearby crops, and the amount of human 
or vehicular traffic in the vicinity. Once the site is chosen, the next consideration is the type of plant 
growth facility (whether growth chamber, room, greenhouse, either commercial or research, etc.), because 
the amount of      air infiltration and hence potential routes of escape can vary widely among different design 
types. Floor plans, including decisions about the inclusion of vestibules and ancillary spaces, are 
determined next. 
 
After the location, basic design, and floor plan of the greenhouse are determined, the selection of 
construction materials and features must be thoughtfully made. The type of glazing, sealing, screening, air 
flow system, and other features all affect the degree to which a greenhouse is capable of isolating plants, 
plant parts, and associated organisms from the surrounding environment. These systems also are 
important for keeping unwanted pests out of the greenhouse. Proper door hardware is critical at all levels 
of containment. It is also vital to consider utility routing plans—including plumbing, electrical, and 
communications—to allow maintenance accessibility without compromising natural light or containment. 
When airborne material is a safety issue, close attention must be paid to the specifications for air supply, 
exhaust, filtration, and pressurization. One must also remember that utilities and building materials can be 
adversely affected over time by corrosive disinfection products and systems; therefore, these must be 
chosen appropriately to ensure they withstand frequent disinfection without       being compromised. Specialty 
hardware such as insect traps, foot baths or floor sticky traps, and the level of required security, are also 
important factors to consider early in the planning process. 

Ancillary facilities and systems are integral to achieving high levels of physical containment in research 
greenhouses. These include the headhouse, equipment rooms, shower and change rooms, and laboratories 
attached to the greenhouse. Growth chambers, tissue culture rooms, incubators, and biosafety cabinets are 
commonly used for containment purposes. Biosafety and biocontainment guidance for these systems are 
included in ARS Manual 242 Facilities Design Standards, and both Appendix G and Appendix P of the 
NIH Guidelines, which specify physical containment standards for      the laboratory and greenhouse 
facilities. A Practical Guide to Containment: Greenhouse Research with Transgenic Plants and Microbes 
primarily addresses containment of plants and plant-associated organisms containing recombinant DNA 
(rDNA). Other publications or guidance may provide additional information. However, greenhouses that 
provide higher level (BL3-P, BL4-P, and BSL-3Ag) containment require advanced features that are 
expensive to build and operate. Retrofitting existing facilities to meet high containment standards is at best 
expensive and may be impossible from a design standpoint; consequently, the cost of greenhouse 
containment at these levels may be prohibitive for many institutions.  

When PPQ evaluates the containment capabilities of a facility, physical and operational         characteristics are 
examined relative to the risks of the organisms and their methods of       actual or potential dispersal from the 
facility. The operational characteristics of the facility are developed by the applicant and a SOP may be 
used to prepare this document.  
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Figure 56. Negative Pressure Bench-top Containment Unit 

(Courtesy of Adair D. and Irwin, R. A Practical Guide to Containment: Greenhouse Research with 
Transgenic Plants and Microbes)  

Biological Containment  
Containment is often enhanced by means of layering (i.e., using more than one type of physical 
containment method at one time, using a biological confinement method within a containment facility, or 
combining both physical and biological containment methods). A primary advantage to layering is that by 
combining methods, the effectiveness of confinement is increased, and hence the requirements may be 
lowered to the next lower biosafety level. 

Biological containment is defined as the use of biological means to block plant sexual and vegetative 
reproduction and to prevent the spread and persistence of genetic material in the environment. Many 
methods of biological containment are available, including redundant systems that combine multiple 
methods of containment. 

Appendix P of the NIH Guidelines provides a partial list of the biological containment practices 
appropriate for plants, microbes, and insects. 

Plant Select Agents  
Select agents affecting crops or nursery plants are housed under containment facilities (e.g., containment 
greenhouses) to prevent their accidental release into the environment. Plant select agents are regulated by 
APHIS under the “Agricultural Bioterrorism Protection Act of 2002; Possession, Use and Transfer of 
Biological Agents and Toxins.” Research, diagnostics, or possession of these agents or their vectors may 
only be conducted following compliance with all Departmental, Agency, and Federal registration 
requirements. The Federal Select Agent Program maintains a list of plant select agents and biosafety and 
biocontainment guidance specific to select agents. Likewise, guidance documents discussed elsewhere in 
this chapter may be used as resources. 
 
Other resources include the Biological Safety Principles and Practices, Chapter 3-Laboratory, Growth 
Chamber, and Greenhouse Microbial Safety: Plant Pathogens and Plant-Associated Microorganisms of 
Significance to Human Health; Plant Biosafety Infection (Author: Esmeralda Pratt); Plant Pathogens 
Associated with Human Disease. Biological Safety Principles and Practices, 4th Edition; and Canada’s 
Containment Standards for Facilities Handling Plant Pests. 

http://www.selectagents.gov/
http://www.selectagents.gov/
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CHAPTER 17:  ARTHROPODS BIOSAFETY AND BIOCONTAINMENT 
 

Background  

APHIS management and employees must ensure, containment facilities and equipment, and established 
practices are in place and followed thru training and competency development to ensure appropriate 
worker safety and adequate features to protect the environment and agriculture when arthropods are used in 
research or diagnostic activities. The NIH Guidelines for Work with Recombinant and Synthetic Nucleic 
Acid Molecules and the American Society of Tropical Medicine and Hygiene Arthropod Containment 
Guidelines provide biosafety and biocontainment for laboratory work with arthropod vectors of 
pathogenic agents (of public health concern or veterinary significance), prepared in response to concerns 
related to the consequences of an accidental release of arthropods. The Institutional Biosafety Committee 
(IBC) is an essential component in establishing the appropriate Arthropod Containment Level (ACL) to 
ensure the safe handling, rearing and disposal, as well as protection of the local environment and 
agriculture. It is important to note that arthropods also play a key role in disease transmission in plant 
species and that employees may be exposed to arthropods that transmit disease in humans when 
conducting fieldwork activities. Refer to Chapter – 16 Plant and Plant Pests Biosafety and 
Biocontainment and Chapter 19 – Health and Safety in Emergency Response Operations and Fieldwork 
Activities for more information. 

Where arthropods infected with an infectious organism are present, the containment level required is 
automatically increased to at least that required for the organism, regardless of factors such as how 
effective is the arthropod as a vector of disease for the particular pathogen. Just as important, the escape 
of uninfected or infected exotic (non-indigenous) arthropods is to be prevented by all reasonable means. 

Various vector-borne disease informational resources are available from the CDC/NIOSH and include: 

1) Tick-borne diseases guidance document,  

2) Mosquito-borne Diseases,  

3) Recommendations for Protecting Laboratory, Field, and Clinical Workers from West Nile 
Virus Exposure.
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CHAPTER 18: PRIONS  
 
Transmissible spongiform encephalopathies (TSE) or prion diseases are neurodegenerative diseases, 
which affect humans and a variety of domestic and wild animal species. The infectious agents that 
transmit prion diseases are known as prions and contain no known prion-specific nucleic acids or virus-
like particles. Prions are composed mainly, if not entirely, of PrPSc. They are highly resistant to 
inactivation by heat and chemicals and thus require special biosafety precautions. FDA has not yet 
approved any product for decontaminating, disinfecting, or sterilizing prions.  
 
Prions are transmissible by inoculation, ingestion, or transplantation of infected tissues or homogenates. 
Prion infectivity is high in the brain and other central nervous system tissues and lower in lymphoid 
tissues including the spleen, lymph node, gut, bone marrow, and blood. Although Creutzfeldt Jakob 
disease (CJD) infections have occurred in medical specialists and health professionals, including 
pathologists who encounter cases of CJD post-mortem, no overall increased occupational risk for health 
professionals has been found. However, the death of a laboratory worker from vCJD in 2019 in France 
was linked to a laboratory accident that occurred years earlier when the laboratory worker stabbed their 
left thumb with curved forceps while cleaning a cryostat—a machine that can cut tissues at very low 
temperatures—that was used to slice brain sections from transgenic mice infected with a sheep-adapted 
form of BSE. Two layers of latex gloves were punctured and blood drawn. A separate CJD case in France 
was being. The post-mortem confirmed case appears to be the first documented cases of a prion-related 
laboratory-acquired infections (LAI). In Italy, too, the last person to die of vCJD, in 2016, was a lab 
worker with exposure to prion-infected brain tissue, although the investigation did not find evidence of a 
lab accident.  In 2011, a paper reported that prions can spread through aerosols, at least in mice, which 
“may warrant re-thinking on prion biosafety guidelines in research and diagnostic laboratories. 
 
In the laboratory setting, prions from human tissue and human prions propagated in animals can be 
manipulated at BSL-2 or higher. Due to concerns about BSE prions infecting humans and cattle, certain 
circumstances may call for the use of BSL-3 facilities and/or practices, with a sealed secondary container 
used for transport of samples inside the laboratory. Use of containment and prion-dedicated equipment is 
recommended whenever possible to limit contamination. The BMBL 6th Edition Section VIII-H Prion 
Diseases offers more information about containment, inactivation, and decontamination 
recommendations. 
 
Procedures and Post-Accident Response 
APHIS employees working with prion diseases should be: 

• trained in handling dangerous prions and competency demonstrated 
• incident responding to accidents 
• wear appropriate PPE as per risk assessment which may include metal mesh and surgical gloves, 

cut resistant gloves 
• If puncture wound or cut is sustained, the area should be rinsed with proper disinfectant (e.g., 

bleach solution) immediately 
• Use of plastic scissors and scalpels, which are disposable and less sharp 
• safety measures to prevent aerosol spread (e.g., handling prions in a BSC or use of respiratory 

protection), per risk assessment. 
• RA of scrapie and CWD vs. BSE, the in vitro conversion assay results 

 
Import and Interstate Permits 
Prion proteins such CWD, BSE are controlled by APHIS S&P permitting for import and interstate 
movements. 
 

file:///%5C%5Caapmdrd3mrfs11%5Chome%5Cmrpbs%5Cenfabregas%5CAPHIS%20Biosafety%20Manual,%20Directive%20&%20SOPs%5CAPHIS%20Biosafety%20(Biorisk%20Management)%20Manual%5C2022_508_Compliant%20&%20Comments%20from%20Programs%5CFrance%20issues%20moratorium%20on%20prion%20research%20after%20fatal%20brain%20disease%20strikes%20two%20lab%20workers%20|%20Science%20|%20AAAS
file://AAPMDRD3MRFS11/home/mrpbs/enfabregas/APHIS%20Biosafety%20Manual,%20Directive%20&%20SOPs/APHIS%20Biosafety%20(Biorisk%20Management)%20Manual/2022_508_Compliant%20&%20Comments%20from%20Programs/ppat.1001257%201..19%20(nih.gov)
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Figure 57. Prion protein in Nerve Cells 

(Source: NIH) 
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Figure 58. Animal Prion Diseases 

(Source: CDC/NIH BMBL 6th Edition)  
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CHAPTER 19:  HEALTH AND SAFETY IN EMERGENCY RESPONSE OPERATIONS AND 
FIELDWORK ACTIVITIES 
 

Emergency Response Operations  
In the event of a major animal or plant health emergency, such as an outbreak of a highly contagious 
animal or plant disease or pest in the U.S., APHIS in its role as the lead Federal response agency is 
authorized to deploy personnel to assist with response and recovery efforts. APHIS employees may be 
deployed to assist during the emergency, and as such may be exposed to animal, plant or zoonotic diseases 
detrimental to human health. The APHIS animal health National Animal Health Emergency Management 
System (NAHEMS) educational and training materials provide further guidance on health and safety in 
preparation for and during deployments. 
 
Animal Health Emergencies  

The Foreign Animal Disease Preparedness and Response Plan (FAD PReP)/National Animal Health 
Emergency Management System (NAHEMS) Health and Safety Guidelines focus on health and safety 
issues responders might encounter while deployed to an animal health     emergency. These are designed for 
use by APHIS and other official response personnel in the event of an animal health emergency, such as 
the natural occurrence or intentional introduction of a highly contagious foreign animal disease in the 
United States. The NAHEMS Health and Safety Guidelines provide guidance on health and safety 
principles for animal health emergency deployments. This chapter provides information for the Safety 
Officer and other personnel associated with health and safety activities. APHIS employees who plan to be 
deployed must be made aware of the potential exposures to hazardous biological agents thru education 
and training, how the risks will be mitigated thru assessment, identification, mitigation and 
communication, including PPE (when needed) and how to properly use it, and what to do should an 
incident or accident were to occur prior being deployed. Additional mitigation strategies may be needed. 
Consult with safety and health staff. 

Plant Health Emergencies  

APHIS PPQ safeguards U.S. agriculture and  natural resources from the introduction, establishment, and 
spread of plant diseases, plant pests, and noxious weeds. APHIS combines strong offshore information and 
pre-clearance programs, port inspections, and extensive domestic surveillance to prevent, detect, and 
respond to any plant health emergencies. 

PPQ provides national leadership and coordination in crop biosecurity and emergency      management. As 
the lead Federal agency for plant health emergencies, PPQ works cooperatively with national and 
international plant protection organizations; Federal, State, tribal, and local agencies; universities; 
industries; and private entities to carry out   its emergency management activities. 

The Emergency Response Manual provides the guidance for emergency responders  using the Incident 
Command System (ICS) to manage a threat to plant health and natural resources. 

Fieldwork Activities Biosafety and Biosecurity  
In the field, employees may be exposed to a variety of hazards such as animals harboring hazardous 
biological materials that naturally occur in the environment, an outbreak of a non-indigenous animal or 
plant health disease or vector of disease or newly emerging disease, handling used or contaminated 
sharps, doing field necropsies, tickborne diseases, and weather-related factors or events (e.g., very high or 
very low temperatures), just to name a few. Conducting a risk assessment to determine PPE and other 
safety equipment (e.g., sharps and sharps disposal) and the safe handling and disposal of carcasses, etc. 
should be performed prior to any work. 

Doing a necropsy is one of the most common procedures when working in the field. To determine the 
cause of morbidity or mortalities affecting livestock, appropriate samples need to be collected for 

https://www.aphis.usda.gov/aphis/ourfocus/planthealth/complete-list-of-electronic-manuals
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diagnostic testing. However, when conducting a field necropsy, it is important to keep biosafety and 
biosecurity in mind (the same as for a necropsy in the vivarium). All carcasses should be handled as if 
they are harboring potentially dangerous zoonotic diseases, and precautions for personal safety should be 
exercised. If possible, minimize the degree and amount the carcass is opened and the amount of liquid 
material (blood, serum, cerebrospinal fluid, amniotic fluid, etc.) that is released. Taking a biopsy sample 
of the tissue or fluid required is the least invasive and safest procedure if the carcass does not need to be 
opened and fully examined for the work being conducted. Also, occupational exposures to biological or 
plant-derived toxins or poisons are of concern. Many native and exotic plants are poisonous to humans 
when ingested or if there is skin contact with plant chemicals. 

Minimal protective clothing includes coveralls, gloves, a mask that covers the nose and mouth, and rubber 
boots. If infectious aerosols are possible, then a respirator should also be used. Diseased animals should 
always be handled in a way to minimize exposing other wild and domestic animals. Special attention 
should be made to the safe handling and disposal of sharps (e.g., scalpels, syringes) to prevent accidental 
needlesticks with contaminated sharps that may possibly lead to a LAI, and all used and contaminated 
sharps must be safely disposed of in a sharps container that is puncture resistant. Sharps must not be 
recapped; however, if recapping is absolutely necessary, a one-handed technique or the use of a device 
that safely assists with recapping must be used. Recapping is the leading cause of needlestick injuries. 
 
Workers at risk should receive training that describes and reinforces the potential occupational hazards 
and risks of exposure and infection, applying first aid in a timely manner after an exposure (or suspect 
exposure), as well as signs and symptoms of an infection, seeking medical attention in a timely manner, 
and reporting these incidents to supervisors in a timely manner. All incidents should be reported to 
employee’s supervisor immediately and supervisors must record all incidents using the APHIS First 
Online Report form. The importance of timely reporting of all workplace injuries and illnesses must be 
emphasized. A medical health services program, as discussed in Chapter 12 of this manual, must be in 
place and should include the reporting of symptoms of infection, laboratory incidents or accidents, and 
employee absenteeism. 

In the field, the best place to necropsy an animal is: 

•  Away from other animals, food storage areas, and workers on the property. 

•  Accessible for easy and safe disposal of the carcass. 

•  An area that can be easily and thoroughly disinfected, preferably a concrete pad, which can be 
cleaned easily with a good disinfectant. 

•  If no concrete pad is available, a dirt area would be the next likely option. Unlike concrete, the 
dirt area cannot be easily disinfected. For this reason, it is best to have the area in direct sun 
light because the heat and light will help kill many pathogens. 

• Minimize procedures that create aerosols during necropsy such as opening gas-distended 
pouches, excessive bone sawing, spraying water, etc. 

 
In field or the vivarium, there will be a need to dispose of animal carcasses safely and securely. The 
recommendations of the National Association of State Public Health Veterinarians (NASPHV) Veterinary 
Infection Control Committee (VICC) Compendium of Veterinary Standard Precaution: Zoonotic Disease 
Prevention in Veterinary Personnel along with local safety policy will assist in generating a safety plan 
for the carcass disposal operation. In the field, the most common and practical option is burial. If possible, 
high ground should be found where the water table is low; however, in most cases, the carcass is buried 
close to the location where the animal died. If a highly infectious and transmissible disease (e.g., anthrax) 
is suspected, the carcass should be covered with a disinfectant and buried at least 4 to 6 feet deep (if 
possible) to prevent scavenging. 
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Safe policies and practices include, but are not limited to: 

a. Conduct a Risk Assessment (or Job Hazard Assessment [JHA] where 
applicable) in collaboration with Safety and Health staff to identify potential 
hazards and control methods or PPE. 

b. Complete training, education, and competency verification. 

c. Wear PPE. 

d. Wear long sleeves, long pants, a hat, boots, and gloves to prevent exposure to 
poisonous or thorny plants.  

e. Wear sunblock and insect repellent on exposed skin. Use repellents and 
treated clothing to prevent bites from ticks, mosquitos, and other insects.   

f. Stay hydrated and take breaks to prevent heat exhaustion. Wear appropriate 
clothing for the season. Avoid prolonged exposure of skin to cold to prevent 
frostbite. 

g. Share your location with a coworker or supervisor daily, especially when 
working in remote or unsafe areas.  

h. Avoid skin or mucous membrane contact with bodily fluids, animal blood, or 
other tissues. 

i. Secure and/or immobilize animals for your and other employees’ safety. 

j. Wash hands and other skin surfaces with soap and water immediately after 
contact with blood or other tissues, after removing gloves, and before leaving 
the     workplace. When running water and soap are not readily available, use an 
alcohol-based disinfectant. Make sure to wash hands with soap and water as 
soon as feasible. 

k. Safely use and disposal of sharps and sharps containers. 

l. Immediately after use, dispose of materials contaminated by infected animals, 
their blood, or other tissues in containers approved for biohazardous waste. 

m. Provide/use first aid, first aid kits and antiseptic kits, insect repellent, medical 
surveillance, vaccinations, post-exposure first aid (e.g., Herpes B virus bite 
kits)    and prophylaxis. 

n. Carry identification and wallet emergency card. 

o. Identify the nearest emergency medical provider or facility and evaluate 
transportation options to and from that facility. 

p. Immediately report any laboratory or field incidents involving possible 
exposure to your supervisor, including all needlestick and other sharps-related 
injuries, as well as animal bites, scratches, and splashes of fluids into eyes, 
mouth, or open cuts; and any field or laboratory incidents involving exposure 
to hazardous biological materials, infectious organisms and their vectors, 
toxins (e.g., biological, or plant-derived), animals and their  zoonotic diseases, 
and/or vector-borne diseases. Also report any symptoms consistent with 
infection to biohazardous organisms, toxins (e.g., biological, or plant-
derived), zoonotic and/or vector-borne diseases. 

q.  
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Occupational Health 

If an exposure, or suspected exposure, may have occurred while conducting fieldwork activities or during 
deployments, employees should report incidents to their supervisors and seek counseling, in collaboration 
with APHIS Safety and Health, from FOH, their physicians, or combination thereof, on the significance 
of the incident and clearly communicate the post-exposure plan, including treatment options, alternatives 
to treatment, testing procedures, and interpretation of laboratory results. Also, employees should be 
instructed during initial and recurring training and education to watch for signs and symptoms, including 
fever (e.g., Fever Watch) or isolate themselves, if necessary, should an exposure or LAI were to occur.
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CHAPTER 20:  AGRICULTURE ANIMAL RESEARCH AND DIAGNOSTIC BIORISK 
MANAGEMENT 
 

Background 
Employees working with livestock (including aquatic species), wildlife, and other animals in research or 
diagnostic settings, including animal husbandry, or handling animals or their vectors in the field, may come 
in contact with animal diseases, including zoonotic diseases. A zoonosis is an infectious disease that can be 
transmitted (in some instances, by a vector) from animals, both wild and domestic, to humans, or from 
humans to animals (the latter is sometimes called reverse zoonosis). Work involving animals may expose 
workers to etiologic agents in a variety of ways such as wound infections, inhalation of aerosols (e.g., dust 
from animal bedding), animal bites or scratches, as well as infectious agents commonly found in the 
environment when doing fieldwork. Human diseases caused by a non-infectious, etiological agent derived 
from animals or their vectors are not considered a zoonosis (e.g., allergic reactions, including asthma, to 
animal products such as dander or urine may be developed overtime). Section VIII of the BMBL lists 
Agent Summary Statements, including zoonotic diseases and other diseases related to animals. 
 
Approximately 70 percent of all infectious diseases originated from animals, according to Global Trends 
in Emerging Infectious Diseases (Nature, 2008). Zoonotic diseases reported in veterinary personnel 
include, but are not limited to, salmonellosis, cryptosporidiosis, plague, sporotrichosis, methicillin-
resistant Staphylococcus aureus (MRSA), psittacosis, dermatophytosis, leptospirosis, and Q fever. Other 
zoonotic diseases of veterinary concern include rabies and toxoplasmosis. Pathogens of Veterinary 
Significance can be found in the CDC/NIH Biosafety in Microbiological and Biomedical Laboratories 
(BMBL) 6th Edition, Section VIII-Agent Summary Statements and in Appendix D – Biosafety and 
Biocontainment for Pathogens Affecting Agricultural Animals and Animals that are Loose-Housed or in 
Open Penning. Other resources include the U.S. Animal Health Association Foreign Animal Diseases 
Handbook; the University of Texas A&M National Center for Foreign Animal and Zoonotic Disease 
(FAZD); and the Center for Food Security and Public Health at Iowa State, just to name a few. 
 
Worker Safety and Health 
Worker safety and health related to working with livestock and other animals in a research or diagnostic 
setting, as well as in the field, must be evaluated during the risk assessment (RA) process, or Job Hazard 
Assessment (JHA), and sound biorisk management measures must be employed. In addition, the 
organization must have an occupational health and safety program that addresses potential hazards 
associated with the conduct of laboratory animal research and diagnostic activities and provides medical 
services and counseling should there be an exposure to an animal disease, particularly a zoonotic agent.  
 
Publications addressing worker safety and health when handling animals include but are not limited to: 
Occupational Health and Safety in the Care  and Use of Research Animals; the Guidelines for Safe Work 
in Human and Animal Medical Diagnostic Laboratories; the Occupational Health and Safety in the Care 
of Non-human Primates; the CDC Veterinary Safety and Health webpage; the  Compendium of Veterinary 
Standard Precautions for Zoonotic Disease Prevention in Veterinary Personnel; the Infection Control 
Practices and Zoonotic Veterinarians in the U.S.; and the NIH Guidelines for Recombinant and Synthetic 
Nucleic Acid Molecules involving animals. The World Health Organization for Animal Health (OIE) 
Biosafety and Biosecurity in the Veterinary Microbiology Laboratory and Animal Facilities, and Listed 
Diseases offer additional information. Professional organizations, including the American Biological 
Safety Association (ABSA), the American Association for Laboratory Animal Science (AALAS) and 
Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC), offer educational 
resources and accreditation of facilities or staff handling laboratory and agricultural animals. Worker 
safety is a key component in animal facility accreditation.  
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Training and Competency 
When working with livestock or wildlife, particularly with large agriculture animals, it is very important 
to factor in the animal species, size, and behavior unique to each animal species to ensure adequate 
animal handling, penning, and necessary restraining devices to prevent personnel from getting physically 
hurt. Also, animals may generate aerosols, they may bite, scratch, or cause serious injury to workers, and 
they may be infected with zoonotic agents. Employees must be fully trained and demonstrate competency 
in biosafety and biocontainment practices, as well as animal handling, before any work with animals 
begins. Refer to Chapter 4 in this manual for more information. 
 
Animal Welfare Considerations, Animal Housing and Institutional Animal Care and Use 
Committee (IACUC) 

Regulatory issues for animal housing differ according to species and are intended to account for physical, 
physiologic, and behavioral needs. Legal requirements for research animal housing are captured in the 
Animal Welfare Act (AWA) (Public Law 89-544) (APHIS 2002) and the Health Research Extension Act 
of 1985 (Public Law 99-158) (United States 1985). Additional guidance can be found in the Guide for the 
Care and Use of Laboratory Animals (Guide) (NRC 2011). 

Just as important is that animals are cared for per national Animal Welfare regulations which include the 
Guide for the Care and Use of Laboratory Animals and the Guide for the Care and Use of Agricultural 
Animals in Research and Teaching, and that there is an IACUC reviewing all animal protocols before any 
work begins. 

 
Animal Biosafety Levels (ABSLS) 

Four standard biosafety levels are also described for activities involving infectious disease research work 
with commonly used laboratory animals. These four combinations of practices, safety equipment, and 
facilities are designated Animal Biosafety Levels (ABSLs) 1, 2, 3, and 4, and provide increasing levels of 
protection to personnel, the surrounding community, and the environment. The ABSLs are discussed in 
detail in the CDC/NIH Biosafety in Microbiological and Biomedical laboratories (BMBL) 6th Edition. In 
addition to the BMBL, the NIH Guidelines Appendix Q offers biosafety guidance regarding animal 
research and the use of recombinant and synthetic nucleic acids. 

Animal studies are oftentimes an integral part in research laboratories. When these animals carry 
infectious substances detrimental to public health, agriculture, or the environment, they must be handled 
under containment. Research with small animals must be conducted in a class II,  or higher, biosafety 
cabinet (BSC). Also, depending on the animal species and the infectious substances they carry, small 
research animals may be required to be housed in special animal caging systems. Once a risk assessment 
has been performed and the biosafety level determined, research animals may be housed in: 1) partial 
containment caging systems, such as Horsfall units, open cages placed in ventilated enclosures, solid wall 
and bottom cages covered by filter bonnets, or solid-wall and -bottom cages placed on holding racks, 2) 
negative pressure bio-isolators, or individually-vented caging systems that independently supply high-
efficiency particulate air (HEPA)-filtered and directional air circulation, or 3) other adequate animal 
caging system offering containment to the particular animal species (e.g., poultry). When the size of the 
animal precludes the use of caging systems, as is the case with large agricultural animals or wildlife, the 
room itself becomes its primary containment.  

Large Animal Biosafety (ABSL-2Ag, -3Ag, and -4Ag) And Agricultural High Consequence 
Pathogens  
Animal facilities with special biocontainment features are required for certain types of research involving 
large agricultural animals that are loose-housed or in open penning. These types of facilities, known as 
ABSL-xAg facilities, the animal room becomes both the primary and secondary containment. ABSL-2Ag 
thru -4Ag containment and especial practices can be found in the BMBL 6th Edition, Appendix D-

https://www.ncbi.nlm.nih.gov/books/NBK500449/
https://www.ncbi.nlm.nih.gov/books/NBK500449/
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Biosafety and Biocontainment for Pathogens Affecting Agricultural Animals and Animals that are Loose-
Housed. 

Work with high consequence or (regulated livestock or wildlife pathogens per 9 CFR Section 1 where 
accidental or intentional release may pose a significant negative impact to agriculture, the economy, trade, 
and food security is handled with special practices and procedures, and special containment equipment 
and/or facility design features. To support such research, USDA has developed a special facility designed, 
constructed, and operated at a unique animal containment level called ABSL-3Ag. Using the containment 
features of the standard ABSL-3 facility as a starting point, ABSL-3Ag facilities are specifically designed 
to protect the environment by including almost all of the features ordinarily used for BSL-4 facilities as 
enhancements. All ABSL-3Ag containment spaces must be designed, constructed, and certified as 
primary containment barriers. The ABSL-3Ag facility can be a        separate building, but often, it is an 
isolated zone within a facility operating at a lower biosafety level, usually at BSL-3. The area of 
containment functions as a “box within a box” and is completely isolated from non-containment areas. 
Access is strictly controlled and is limited to personnel who have been properly trained and cleared. 
Special physical security features often associated with ABSL-4 facilities may be incorporated to 
safeguard against unauthorized entries. ABSL-3Ag is discussed further in the BMBL 6th Edition, 
Appendix D. 

 

 
 

Figure 59. Livestock Animal Biocontainment 

(Source: Joe Kozlovac & Robert Heckert (USDA), Biosafety & Biosecurity from Bench to Farm, 2013) 
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Livestock Caging Systems 
In some special circumstances where small livestock (e.g., poultry) or wildlife (e.g., birds) are infected 
with an animal or zoonotic disease, animals are housed in isolation units that afford animal welfare 
features (e.g., food, water, temperature, in small animal groups per animal species) inside animal rooms in 
ABSL-3Ag facilities. The room itself provides primary and secondary containment. Employees wear PPE 
according to protocol-specific risk assessment. 

 

 
 

Figure 60. Modified Horsfall-Bauer Isolation Units with Filtered Air under negative pressure 

(Source: USDA) 

Special Enhancements  
USDA APHIS VS, the Federal Select Agent Program, other regulatory authorities, or local policies may 
require additional enhancements that exceed standard BSL-2, ABSL-2, BSL-3, ABSL-3, ABSL-2Ag, 
ABSL- requirements. Refer to the BMBL-Appendix D for a complete list. 

Animal Biosafety Level -3 Enhanced (ABSL-3E) 
Refer to the NIH Guidelines, Appendix G-II-C-5-a.    Containment, Practices, and Training for Research 
with Risk Group 3 Influenza Viruses (BL3 Enhanced). 
 
Diagnostic (Dx) Laboratory   
Similar biosafety and biocontainment concepts can also be applied to animal diagnostic laboratories 
where work involves “unknown” or suspect diagnostic specimens. These diagnostic laboratories receive a 
wide range of samples that often contain pathogens, both specific to animals and zoonotic. The virulence 
of isolated agents can vary greatly and can cause diseases in animals and humans that range in 
significance from low to high consequence. Carefully analyzing clinical histories and other background 
information that accompanies diagnostic samples is critical for determining an appropriate mitigation 
strategy to help to control disease spread and minimize its impact on human and agricultural health. The 
Biosafety Blue Ribbon Panel convened by the CDC developed the Guidelines for Safe Work in Human 
and Animal Medical Diagnostic Laboratories. 

Aquaculture  
Although only a few aquatic animal pathogens are considered to be zoonotic, some are considered 
opportunistic and therefore may pose a low direct risk to personnel. Many aquatic animal pathogens pose 
a significant risk of introduction and spread of infectious diseases to vulnerable aquatic animal 
populations. As a result, it is important that personnel working with aquatic animal pathogens and the 
facilities housing these organisms take steps to prevent the accidental release of potentially harmful 

https://osp.od.nih.gov/wp-content/uploads/2019_NIH_Guidelines.htm#_Toc3457168
https://osp.od.nih.gov/wp-content/uploads/2019_NIH_Guidelines.htm#_Toc3457168
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pathogens into the aquatic environment. The containment level that is required depends on the biology of 
the specific pathogens involved and the impact that a release of the pathogens might have on the 
environment. 

 

BACTERIA CLINICAL EFFECTS 

Aeromonas hydrophilia Serious infection uncommon; 

Usually in immuno-compromised individuals; 
cellulitis, muscle necrosis or septicemia 

Edwardsiella tarda Soft tissue infections; arthritis; septicemia; 
gastroenteritis; meningitis; osteomyelitis 

Erysipelothrix rhusiopathiae Skin infection (on hands), septicemia, 
endocarditis (rare); lymphangitis 

Streptococcus iniae Suppurating ulcers; cellulitis; 

Lymphadenitis; septicemia; 

Endocarditis and arthritis 

Vibrio spp. Lesions; gastroenteritis; septicemia 

Mycobacterium marinum Skin lesions (usually hands); ulceration and 
inflammation of joints 

Salmonellosis Septicemia; abdominal pain; diarrhea; nausea; 
vomiting 

 

Figure 61. Aquaculture-Associated Bacterial Infections 

(Source: Joe Kozlovac, USDA, PPE IBC Workshop, 2010) 

 

The required containment level and the stringency of operational practices 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. In the case of live aquatic animal holding facilities (also referred to 
as in vivo facilities), consideration is given to the facility’s physical characteristics and to the pathogen 
itself in determining the containment level required. When aquatic animal pathogens are handled in live 
aquatic animal holding facilities, treatment of liquid effluent from animal holding units is a key 
requirement for preventing the inadvertent release of pathogens into the environment. In live aquatic 
animal holding facilities, water is the transport mechanism, and the tanks represent the primary 
containment devices. Other factors to consider are water filtration, large volumes of wastewater, large 
volumes of chemicals to treat flow-through tanks, etc. 
 
Spread or movement of aquatic animal pathogens can also occur via fomites (animal health biosecurity) 
such as clothing, boots, hands, netting material, transport containers, and equipment. In addition, the 
handling and management of live animals can facilitate the spread of aquatic animal pathogens. It has 
been documented that some aquatic animal pathogens can be transmitted via the airborne route 
(Aerobiological airborne) Dissemination of the Fish Pathogen Ichthyopthirius multifiliis and the 
Implications in Fish Health Management. The World Aquaculture Society.) 
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The USDA is currently developing aquaculture biorisk management guidance. Likewise, the Canadian 
Food Inspection Agency has developed the Containment Standards for Facilities Handling Aquatic 
Animal Pathogens. Assessment of various hazards and risk mitigation factors may include: 
 

• 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 the United States; 

• 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 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; and 

• the biosecurity related risks (e.g., the potential for theft and misuse). 

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. 
 
Transboundary Animal Diseases (TADs) 
The World Health Organization for Animal Health (OIE) defines transboundary animal diseases (TADs) 
as exotic or foreign in the global theatre. TADs are defined by the UN Food and Agriculture Organization 
(FAO) as those diseases that are of significant economic, trade and/or food security importance for a 
considerable number of countries; which can easily spread to other countries and reach epidemic 
proportions; and where control/management, including exclusion, requires cooperation between several 
countries. Such definition should include emerging infectious diseases (EIDs), most of which will likely 
be zoonoses, but of uncertain impact. FAO’s Emergency Prevention System for animal health focuses on 
some 12-14 diseases of a transboundary nature. It is important to note, several of these animal diseases 
are regulated under the Federal Select Agent Program (FSAP) and may require additional BRM 
mitigation strategies, as well as registrations:  
 

1. Foot and mouth disease (FMD) 

2. Rinderpest  
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3. Contagious bovine pleuropneumonia 

4. Sheep and goat pox 

5. Peste des petits ruminants (PPR)  

6. Highly pathogenic avian influenza (HPAI)  

7. Rift Valley fever  

8. Newcastle disease 

9. African swine fever (ASFv) 

10. Classical swine fever (CSFv) 

11. Equine encephalitidies  

12. Rabies (under certain circumstances) 

13. Brucellosis (under certain circumstances) 

Agriculture Biosecurity (animal health) 
Improved infection and disease control in farms, animal production facilities, veterinary      clinics, research 
facilities, and zoos is increasingly recognized as the new standard of care. This not only prevents the 
spread of endemic diseases, but zoonotic and foreign animal diseases as well. Routes of disease 
transmission and practical disease management strategies are just two of the areas to focus on. The 
combination of a BRM assessment and a walk-through assessment provides veterinarians with a 
comprehensive risk management practice. Since the 2016 avian flu pandemic in the United States, the 
USDA and stakeholders have strengthened agriculture biosecurity management strategies.  
 
Personal Quarantine  

Personal quarantine is a component of biorisk mitigations strategies to protect agriculture, the economy 
and trade, and are recommended as part of the RA and risk mitigation strategies for various agricultural 
agents. A personal quarantine policy is designed to restrict personnel from having direct or indirect 
contact (e.g., visiting a county fair, hog farming operation, free-range poultry farm) with susceptible 
species for a specified time period, known as the quarantine time period.  The quarantine time period 
should commence after having performed work-related duties with, or in proximity to, animal disease 
agents and usually lasts from 4-5 days. APHIS staff must refrain from visiting county fairs, livestock 
production facilities, farms, as well as having contact with personally-owned livestock or susceptible 
species after having performed work-related duties with, or in proximity to, animal disease agents. The 
laboratory or animal facility should have a policy in place addressing personal quarantine.  

The Federal Select Agent Program (FSAP) published specific personal quarantine requirements for 
specific regulated animal health select agents as listed below. These select agents are not currently 
endemic in the U.S. (i.e., are foreign animal disease agents), are highly contagious, and the most 
economically damaging select agents that impact their respective industries, animal by-products, and 
trade.  Most animals in the U.S. are not vaccinated against these agents and are very susceptible to 
infection from them. If one of these highly infectious agents were to be introduced into a modern 
agricultural system, it can rapidly move from one farm to another via the infected animals and/or fomites, 
as seen in recent outbreaks of HPAI and vNDV in the US. Therefore, a personal quarantine policy must 
be in place and must be followed by employees. The FSAP website has more information on this subject. 

 

https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/swine-disease-information/biosecurity
http://www.selectagents.gov/
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Figure 62 Minimum Quarantine Periods 

(Source: FSAP, USDA) 
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CHAPTER 21:  LABORATORY AND ANIMAL FACILITY SECURITY (BIOSECURITY) AND 
ACCESS CONTROL 
 

Background  
The USDA conducts research and regulatory activities, including detection and diagnosis, to protect 
American agriculture, forestry, and human health from pests or pathogens. USDA scientists use 
pathogens in their research and diagnostic activities, and these pathogens could pose a threat to human, 
animal, and/or plant health, or the productivity of the agriculture system if purposely or inadvertently 
released into the environment.  

Laboratory management, scientific staff, and human resources, IT, engineering, animal care, safety, 
security, custodial, engineering, and other staff must be committed to enforcing policies that control 
access to the site and to laboratory facilities. Each APHIS employee at biocontainment facilities is 
ultimately responsible for safety and security. Policies and practices cover, for example, the hosting of 
visitors, issuance of badges, and/or keys to control access to the site, building, and/or room based on each 
individual’s business needs. In addition, laboratory areas should have doors for access control. Visitors 
and students must follow all security requirements of the laboratory facility they are working in or visiting 
and must participate in training and performance verification and incident reporting requirements. 

Although this term has multiple definitions, for the purposes of this Chapter, the term “biosecurity” will 
refer to the protection of biological agents or toxins from loss, theft, diversion, or intentional misuse, as 
well as protection of relevant sensitive information. This is consistent with current USDA Departmental 
Regulations and Manuals (DR/DM 9610-001 USDA Policies and Procedures on Security, Suitability and 
Incident Response For High Containment Facilities, and the DM 9610-00 USDA Policies and Procedures 
on Security, Suitability, and Incident Response for High Containment Facilities), the BMBL 6th Edition, 
World Health Organization (WHO) Laboratory Biosafety Manual, and American Biological Safety 
Association (ABSA) International usage of this term. APHIS facilities must ensure that access controls 
are commensurate with the potential public health and economic impact of the biological agents, including 
research animals, arthropods, plants, or plant- related material in their facilities, per site=specific RA. 
APHIS employees must follow biosecurity policies and procedures at all times. While the objectives are 
different, biosafety and biosecurity measures are usually complementary. 

Physical security programs at APHIS research and diagnostic facilities shall provide graded protection in 
accordance with the assessed risk of the asset. The intent of USDA is to provide the highest level of 
protection to security interests whose loss, theft, compromise, and/or unauthorized use could compromise 
the national security, and/or the health and safety of USDA employees, the public, U.S. animal and plant 
products, the environment, or USDA programs. Performance verification programs (e.g., drills and/or 
exercises) shall provide for operability and effectiveness tests of electronic security systems and/or 
components of systems.  Testing of these electronic security systems shall reflect site-specific conditions, 
operational needs, and threat levels. However, at least annually, a system performance test of the 
electronic security systems shall be performed. 

In essence, laboratory and facilities where infectious agents are handled or stored should ensure 
appropriate levels of protection against unauthorized access, theft, diversion, or loss of custody of 
biologically hazardous agents and/or BSAT using graded protection and in accordance with the potential 
consequences of release based on a site-specific physical security risk assessment. Security program 
elements must include: 

i. Materials inventory and accountability 

ii. Physical Security 

iii. Cybersecurity 
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iv. Personnel Suitability and Insider Threat Awareness 

v. Incident Response 

vi. Training and appropriate follow-up activities. Employee training should occur at least 
annually or whenever changes occur. Training must be recorded in the USDA training 
database (AgLearn). Performance verification of an employee’s competency in carrying 
out activities in a safe and secure manner after receiving training must be conducted. 

Risk Management Approach  

The need for a biosecurity program should be based on the possible impact of the theft, loss, diversion, or 
intentional misuse of the materials, recognizing that different agents and toxins will pose different levels of 
risk. Biosecurity policies and procedures should      not seek to protect against every conceivable risk. The 
risks need to be identified, prioritized, and resources allocated based on that prioritization. 
The entire risk assessment and risk management process may be divided into five main    steps, as follows: 

a. Identify and prioritize biologicals and/or toxins. 

b. Identify and prioritize the adversary/threat to biologicals and/or toxins. 

c. Analyze the risk of specific security scenarios. 

d. Design and develop an overall risk management program. 

e. Regularly evaluate the institution’s risk posture and protection objectives. 

Physical Security  
An evaluation of the physical security measures should include a thorough review of the building and 
premises, the laboratories, and biological material storage areas. Access should be limited to authorized 
and designated employees based on the need to enter sensitive areas. Methods for limiting access could be 
as simple as locking doors or having a card key system in place. The need for entry by visitors, laboratory 
workers, management officials, students, cleaning/maintenance staff, and emergency response personnel 
should be considered. 
Material accountability procedures should be established to track the inventory, storage,    use, transfer and 
destruction of dangerous biological materials and assets when no longer  needed. The objective is to know 
what agents exist at a facility, where they are located, and who is responsible for them. 
 
Cybersecurity and Information Security  
The objective of an information security program is to protect information from unauthorized release or a 
cyber-attack, and to ensure that the appropriate level of confidentiality is preserved. Policies should be 
established for handling sensitive information associated with the biosecurity program. Examples of 
sensitive information may include facility security plans, access control codes, agent inventories, and 
storage locations. 
 
Select Agents and Toxins  
Additional security assessments and security measures, as well as personnel reliability (Tier I select 
agents), should be considered when select agents, other agents of high public health or agricultural 
concern, or agents of high commercial value (e.g., patented vaccine candidates) are introduced into the 
laboratory. In this case, the select agents regulations, the DR/DM 9610-001 USDA Policies and 
Procedures on Security, Suitability, and Incident Response For High Containment Facilities, and the 
advisory recommendations in the BMBL Section VI-Principles of Laboratory Biosecurity should be 
considered. When a security risk assessment has determined that additional physical security measures are 
needed to mitigate specific vulnerabilities, the laboratory or facility may be designated a high security 
area. Refer to Chapter 21- Select Agents and Toxins for additional information. 

http://www.selectagents.gov/
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APHIS laboratory and animal facilities must ensure appropriate levels of protection against unauthorized 
access, theft, diversion, or loss of custody of biological agents and/or BSAT at high and maximum 
containment laboratories, or registered select agent space, as outlined in a specific security plan for the 
laboratory or building.   

The term biosecurity is often used to describe the administrative and physical security measures used to 
protect higher-consequence (e.g., select agents) microbial agents or toxins from loss, theft, diversion, or 
intentional misuse.  

Consult the FSAP guidance document on Suitability Assessment at Suitability Assessment Program 
Guidance. 

a) PERSONNEL SUITABILITY ASSESSMENT, INSIDER THREAT AWARENESS 
AND RELIABILITY 

All USDA employee positions with access to HCBA (including BSAT) will be 
evaluated by the local management Security Review Committee officials (e.g., 
Laboratory or Center Directors, Associate Directors, Safety and Security staff, and/or 
supervisors), using a graded protection approach (similar to physical security) that is 
based on a site-specific risk assessment and submitted to and reviewed by the Agency 
and Department.  

Suitability assessment should occur before access is granted and be ongoing and 
continuously monitored. Employees with access to Tier 1 BSAT have a responsibility 
to monitor their own suitability, as well as the suitability of their colleagues 
performing duties that require access to Tier 1 BSAT. Individuals should advise 
entity leadership of any issues that could have an adverse impact on their 
performance, suitability, or safety while performing Tier 1 BSAT duties. 

Insider Threat Awareness is a critical component of our country’s National Security 
Program, particularly with respect to classified information. From a practical 
standpoint, it could also include Proprietary Information or Trade Secrets that refer to 
the BSAT itself as well as non-classified information and/or physical items or 
equipment. The Select Agent Program also references a requirement for Insider 
Threat Awareness training for those with access to Tier-1 Agents. 

b) REGULAR SELF-ASSESSMENT WITH REGARD TO FITNESS FOR DUTY (i.e., 
stress, distraction, etc.).  

As part of their training, employees are advised to share with their leadership any 
information that may cause concern for their well-being, that of others, or the safety 
and security of the entity or Tier 1 BSAT. 

c) VOLUNTARY REMOVAL 

APHIS employees who have access to BSATs, particularly Tier 1 BSATs, should 
have access to a mechanism to temporarily “opt out” of having access to Tier 1 
BSAT for defined periods of time. The “opt out” provision should be a voluntary act 
initiated by the person having Tier 1 BSAT access through the self-reporting process 
and granted by entity leadership for individuals who otherwise would be deemed 
suitable for access to Tier 1 BSAT. Examples of circumstances in which an “opt out” 
would be appropriate include extended periods of illness or other leave. Individuals 
who are removed from Tier 1 BSAT access as a result of an ongoing suitability 
assessment could be routed through a separate process initiated by the entity. These 
types of “opt outs” are not required to be reported to the Federal Select Agent 
Program.

https://www.cdc.gov/selectagent/suit-intro.html
https://www.cdc.gov/selectagent/suit-intro.html


 

 

CHAPTER 22:  BIOLOGICAL SELECT AGENT AND TOXINS (BSATs) AND DUAL USE OF 
CONCERN (DURC) 

 

Background 

On June 12, 2002, the Public Health Security and Bioterrorism Preparedness Response Act of 2002 
(Public Law 107-188) was enacted. The law is designed to improve the ability of the United States to 
prevent, prepare for, and respond to bioterrorism and other public health emergencies. The law requires 
that all persons possessing select biological agents   or toxins deemed a threat to public health to notify the 
Secretary, Department of Health and Human Services (HHS). Persons possessing select biological agents 
or toxins (BSATs) deemed a threat to animal or plant health and to animal or plant products must notify 
the Secretary, USDA. Depending on the select agent itself, it could be regulated by the CDC, APHIS, or 
both. The intentional misuse of these agents can pose a severe threat to human health, animal or plant 
health, or to animal or plant products, as well as economic hardship. Refer to the BMBL 6th Edition 
appendix F Select Agents and Toxins and the FSAP website for more information and a complete list of 
regulated BSATs. 

Also, the USA PATRIOT Act places restrictions on persons who possess BSATs and provides criminal 
penalties for possession of such agents that cannot be justified for specified peaceful purposes. Scientists 
wishing to conduct research with a select agent must obtain: 1) a permit for the  use/possession of the agent, 
2) an authorization from the applicable select agent agency (CDC or APHIS), 3) containment facility, and 
4) FBI clearance. The institution must be         registered and authorized to possess select agents and have a 
select agent program in place. These apply to facilities including government agencies, universities, 
research institutions, and commercial entities. 

Site-specific BSATs training is required by law and provided before access to a select agent area is        granted 
and annually thereafter by the laboratory facility Biosafety Officer (BSO) or designee. 

Restricted Persons are those who are denied access to BSAT during the FBI’s Security Risk Assessment 
(SRA) process. For restricted experiments, refer to the FSAP regulations. 
Refer to Chapter 20-Laboratory and Animal Facility Security (Biosecurity) and Access Control for 
BSAT-related security requirements. 
 
Select Agents of Veterinary Significance (APHIS-VS) and Plant Select Agents (APHIS-PPQ) 
Listed BSATs that  are of concern to livestock or wildlife, or have been determined to pose a severe threat 
to plant health, plant  products, must be registered with APHIS as regulated under 7 CFR Part 331 or 9 CFR 
Part 121 Agricultural  Bioterrorism Protection Act of 2002; Possession, Use, and Transfer of Biological 
Agents and Toxins; Final Rule. Certain select agents may pose a risk to both human and animal health (e.g., 
zoonotic diseases) and are jointly regulated by the CDC and APHIS. Research can only be conducted 
following compliance with all Departmental, Agency, and Federal registration requirements. They cannot 
be transferred to or from any laboratory or diagnostic facility without the prior approval of the location’s 
Responsible Official (RO) as well as approval by the Federal registering authority, either USDA or CDC. 
In addition, animal, or plant health BSATs may also require an additional permit from APHIS VS or PPQ. 
 
Pathogens of Veterinary Significance  
Some pathogens of livestock, poultry, and fish may require special laboratory design, operation, and 
containment features. This may be BSL-2 or BSL-3, plus enhancements or BSL-4 and for animals ABSL-
2, ABSL-3 or BSL-3-Ag. These pathogens are regulated by the CDC and/or APHIS under the Select 
Agent regulations. As such, the importation, possession, or use of the agents is prohibited or restricted by 
law or by USDA regulations or administrative policies. Summaries of Selected Agriculture Agents in the 
CDC/NIH Biosafety in Microbiological and Biomedical Laboratories (BMBL) provide additional 
information. 

http://www.selectagent.gov/


 

 

 
Additional BSAT guidance documents (not all inclusive) include: 

a. Guidelines for Avian Influenza Viruses 

b. Containment for Work with Eastern Equine Encephalitis Virus 

Guidelines for Work with Toxins of Biological Origin and Select Agent Toxins  
Biological toxins comprise a broad range of poisons, predominantly of natural origin but          increasingly 
accessible by modern synthetic methods, which may cause death or severe incapacitation at relatively low 
exposure levels. Several toxins are currently being regulated as “Select Agent Toxins” including BoNT, 
SE, ricin, and selected LMW toxins.      Additional details are provided in the BMBL’s agent summary 
statements available in Appendix D of the BMBL. For more information on toxins, refer to the BMBL, 
Appendix F. 
 
TIER 1 Select Agents and Toxins  

In 2012, the select agent regulations were amended to include a subset called “Tier 1” BSATs. Tier 1 
BSATs have the potential to be misused to adversely affect human, plant, or animal health. Such 
tiering of the list allows the optimization of security measures for those BSATs that present the 
greatest risk of deliberate misuse with the most significant potential for mass casualties or 
devastating effects to the economy, critical infrastructure, or public confidence. Additional 
requirements for Tier 1 selecta agents and toxins may include training, occupational health program, 
personnel suitability, physical security, and incident response, as well as special classifications (e.g., 
FMD). 

Dual Use Research of Concern (DURC) 

Dual Use Research of Concern is life sciences research that, based on current understanding, can be 
reasonably anticipated to provide knowledge, information, products, or technologies that could be directly 
misused to pose a significant threat with broad consequences to       public health and safety, agricultural 
crops and other plants, animals, the environment, or national security. The USDA is required to evaluate 
research protocols for possible DURC and participates in biennial reporting of DURC protocols, per USG 
requirements.   
 
Principal Investigators must perform, with assistance from APHIS Biosafety Program or location safety 
and health staff, a preliminary review for potential DURC. The APHIS Biosafety Program will convene 
an Institutional Review Entity (IRE) committee at the Agency level to assist locations, or participate in 
location-level IRE, should a research protocol was deemed to fall within the scope of DURC Policy.  The 
IRE is a separate committee from the IBC and meetings should be held separately, and minutes should be 
maintained separately. Refer to Points to Consider guidance prepared by the NIH Office of Science 
Policy on behalf of the USG. 
 
  

http://www.phe.gov/s3/dualuse/Pages/default.aspx


 

 

CHAPTER 23:  INVENTORY CONTROL AND THE NATIONAL BIOLOGICAL AGENT AND 
TOXIN INVENTORY (NBATI) 
 

Background  
There are several Federal regulations and guidelines that require APHIS to maintain inventories of 
biological materials used at its respective locations. These regulations are promulgated by the OSHA, 
CDC, and USDA policies. The OSHA requirements are under the Worker’s Right-to-Know section of 29 
CFR 1910.1200, which requires that workers are informed of the potential hazards that may be present in 
their workplace.  
 
The USDA Department Regulation (DR) and Manual (DM) 9610.001 - USDA Policies and Procedures 
on Security, Suitability, and Incident Response for High and Maximum Containment Facilities and DM  
9610-002 - USDA Security Policies and Procedures for Laboratories and Technical Facilities (Excluding 
Biosafety Level [BSL]-3 Facilities) spell out specific accountability records and inventory requirements 
for working stocks and repositories. Scientists working with biological agents are responsible for the 
accuracy of electronic databases and laboratory notebook records, which are subject to review by their 
supervisor, Laboratory Director, and authorized Agency personnel. Physical review will be performed at 
least annually.  In summary, facilities, and their respective laboratory areas, including animal facilities 
and plant containment facilities, must maintain an accurate count, account for, and track of all their 
hazardous biological materials until final disposal. This includes procedures to track current inventory, 
storage, use, transfer, and destruction of hazardous biological materials. 
 
The Federal Select Agent regulations have specific inventory control requirements for human, animal, 
and plant biological select agents and toxins (BSATs). Laboratory facilities that use, store, and handle 
BSATs must adhere to accountability records and inventory control requirements. 
 
The USDA Agricultural Research Service (ARS) National program Staff (NPS) MDBEL (301) 504-4764 
maintains the official record of the USDA NBATI, including APHIS, in a secure, limited-access 
electronic database. The inventory of biological agents is accounted for by each USDA location. 
Additions and deletions to the inventory are reported as they occur, and otherwise annually. The master 
database of the NBATI enables USDA management to rapidly determine what biological materials are (or 
have been) in, used, or stored at each USDA facility, and how to obtain additional information.  
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CHAPTER 24:  THE OSHA BLOODBORNE PATHOGEN STANDARD (29 CFR 1910.1030) 
 
Background 
The Bloodborne Pathogen (BBP) Standard applies to all occupational exposure to human blood or other 
potentially infectious materials (OPIM). APHIS supervisors are responsible for providing training and 
evaluating work activities for potential exposure to these materials, with assistance from safety and health 
staff.  
 
OPIMs include several body fluids besides blood that risk exposure to dangerous pathogens. They are 
generally categorized as: 

• Blood products (such as serum or plasma), human body fluids such as vaginal secretions, 
semen, cerebrospinal fluid, pleural fluid, synovial fluid, pericardial fluid, peritoneal fluid, 
amniotic fluid, any bodily fluid that is contaminated with blood, or any bodily fluid in a 
situation that makes the determination of the fluid difficult 

• Unfixed (living or dead) human organs or tissues 
• Organ cultures, cell or tissue cultures containing HIV, any culture medium containing 

either HIV or HBV, and the organs, blood, and tissues from animals with HIV or HBV 
• Pathogenic microorganisms 

 
OPIMs do not include saliva (unless the exposure is during a dental procedure), tears, nasal secretions, 
sweat, urine, feces, or vomit. 
 
BBPs or OPIMs may be encountered at occupational health clinics operated at various locations 
throughout APHIS. Laboratories may potentially work with tissues or specimens contaminated with HIV 
or HBV. Also, employees who may called upon to provide first aid during an emergency at one of APHIS 
facilities may encounter BBPs or OPIMs. When that is the case, the location must follow the 
requirements of the OSHA standard.  
 
It is strongly encouraged that employees engaged in the handling of animal blood, body fluids, unfixed 
tissue, and OPIMs should follow the guidelines of the OSHA BBP Standard, particularly when sharps are 
used (e.g., animal vaccinations, drawing blood). Animal blood may carry diseases and employees should 
protect themselves from needlestick injuries and protect broken skin, and report needlestick injuries. 
 
The standard covers animal blood only for those experimental animals purposely infected with HIV or 
HBV. Although the standard does not apply to animal blood unless it comes from an experimental animal 
infected with HIV or HBV, persons handling animals or animal blood should follow general precautions 
recommended by the Centers for Disease Control/National Institutes of Health Publication, Biosafety in 
Microbiological and Biomedical Laboratories. Most frequently asked questions concerning the 
bloodborne pathogens standard | Occupational Safety and Health Administration (osha.gov) 

OSHA's Directorate of Training and Education maintains an online library of training materials. OSHA’s 
Bloodborne Pathogens and Needlestick Prevention Topics Page provides resources that can be used for 
training. Other sources of information include local, area and regional OSHA offices. In addition, each 
regional office has a Bloodborne Pathogens Coordinator who answers compliance and related questions 
on the standard. 

  

http://www.cdc.gov/biosafety/publications/bmbl5
http://www.cdc.gov/biosafety/publications/bmbl5
https://www.osha.gov/laws-regs/standardinterpretations/1993-02-01-0
https://www.osha.gov/laws-regs/standardinterpretations/1993-02-01-0
https://www.osha.gov/dte/library/materials_library.html
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CHAPTER 25:  RADIATION MANAGEMENT  
 
Background  
There are many uses of radioactivity in microbiological laboratories and field locations. Whether using 
unsealed isotopes in the laboratory to mark DNA, checking the soil density in a field, or anything in 
between, there are rules, regulations, and safety measures that apply. The USDA Office of Homeland 
Security, Radiation Safety Division (RSD)  USDA | OHSEC | RSD | Radiation Safety Division 
Information oversees the radiation use, permitting, safety program, etc., for USDA facilities/laboratories 
using or storing radioactive materials. Radiation use in all of USDA is governed by a permit issued by the 
U.S. Nuclear Regulatory Commission (NRC). In turn, the USDA RSD is responsible for radioactive 
materials use within each USDA agency and administers the radiation program through the use of permits. 
Any APHIS employee who is considering working with radioactive materials in a laboratory setting or 
elsewhere must consult with the USDA Radiation Safety Division before any work is done, secure any 
applicable permits, follow all applicable radiation safety protocols and report any incidents. For more 
detailed information on obtaining permits for radioactive materials, the user is urged to consult with the 
Location Radiation Safety Manual, the Location Radiation Protection Officer (LRPO), or the RSD. Refer 
to the Radiation Chapter in the APHIS Safety and Health manual. 
 
Radioactive materials are any substances containing unstable atomic nuclei which spontaneously emit 
particles and/or electromagnetic waves and can be found in unsealed or sealed sources. Emitted 
radioactivity includes: 

a. Alpha – energetic, + charge, lose energy rapidly, harmful if ingested/inhaled. 

b. Beta – fast moving, +/- charge, travel short distance in air, 
harmful if inhaled/ingested. 

c. Gamma – high energy photons, very penetrating. 

d. X-ray – high energy photons, less penetrating than gamma rays, largest 
source of manmade radiation exposure. 

 

Radionuclide Radiati
on 

Recommended 
Shielding Half-Life† 

Target 
Organ 

Tritium (3H) Beta None 12 years Total Body 

Carbon 14 (14C) Beta Glass/Plexiglass 5,730 years Fat and Bone 

Phosphorus 32 
(32P)* 

Beta Glass/Plexiglass 14 days Bone 

Sulfur 35 (35S) Beta Glass/Plexiglass 87 days Total Body 

Chromium 51 
(51Cr) 

Gamma Lead 27 days Total Body 

Iodine 125 (125I) Gamma Lead 60 days Thyroid 

 

Figure 63. Commonly used Radioactive Materials 

https://www.dm.usda.gov/ohsec/rsd/contact.htm
https://www.dm.usda.gov/ohsec/rsd/contact.htm
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