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IN CASE OF AN ACCIDENT OR EXPOSURE INCIDENT  
 

Report an accidental exposure immediately; you may need medical 
treatment. 
 
For all exposure incidents: 
 

 Administer first aid immediately 
 Needle-sticks/puncture wounds 

 Immediately wash the affected area with antiseptic soap and warm  
 water for 15 minutes. 

 Mucous membrane exposure 
Immediately flush the affected area for 15 minutes using an eyewash 
station. 

 

 Notify Principal Investigator to initiate incident/exposure reports.  
 

 Seek medical assistance immediately (within 1-2 hours) from Student 
Health (LGH) (291-4082) or Lancaster General Hospital (555 N. Duke 
St) or Lancaster Regional Medical Center (250 College Ave). If 
necessary, call campus security for a ride to the hospital. 
 

 

Emergency Numbers 
Lancaster City Police – 911 
Campus Security: 291-3939   
LGH Services (Student Health): 291-4082 
Environmental Health and Safety: 291- 4153 
Biosafety Officer: 358-5975 
  



 vii 
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Chapter 1 Introduction 

 
  Through the Biosafety program, Franklin and Marshall College is committed to 

providing a healthy and safe learning, teaching and research environment. The goals of 

the College's Biological Safety Program are to: 

 i. protect staff, students and the community from exposure to potentially  

  biohazardous agents that may cause disease or other detrimental effects in  

  humans, animals, or plants. 

 ii. prevent environmental contamination.  

 iii. provide biosecurity guidelines to  safeguard experimental materials. 

 iv. ensure compliance with Federal, State and Local guidelines and regulations. 

 

  The Biosafety Officer and the Institutional Biosafety Committee (IBC) have been 

charged with the review, approval, and maintenance of documentation on all protocols 

involving recombinant DNA and other potentially hazardous biological materials 

including animal and plant pathogens, human cell lines and tissues, toxins, viral vectors, 

carcinogens and the use of transgenic organisms to ensure that they are conducted safely, 

ethically and in compliance with the NIH Guidelines for Research Involving 

Recombinant or Synthetic Nucleic Acid Molecules (NIH Guidelines) , the CDC’s 

Biosafety in Microbiological and Biomedical Laboratories (BMBL), regulations of the 

USDA-APHIS, and all federal, state and local laws. 

  The F&M Biosafety Manual has been developed to provide a comprehensive 

overview of biosafety guidelines for working with infectious organisms and other 

potentially biohazardous organisms and materials. The Biosafety Manual outlines general 

policies and procedures for the use, storage and disposal of infectious agents and other 

potentially biohazardous materials. This manual will outline the basic requirements, 

responsibilities, and training that are required at F&M. The Biosafety Manual also 

describes the procedures for research registrations, risk assessment and determination of 

biosafety levels, development of a laboratory safety plans, and reporting of 

accidents/exposures to biological agents. Much of the information in this manual is taken 

from the NIH Guidelines and the Biosafety in Microbiological and Biomedical 

Laboratories, 5th Edition, 2007 (BMBL). These and other biosafety resources are listed 

in Appendix A. 

  Biological safety practices and procedures in all research and instructional 

laboratories must comply with those outlined in this manual. The Biosafety Manual is 

available on the Biosafety web site. A copy of the Biosafety Manual should be included 

in the Laboratory Safety Plan in every lab. The Biosafety Manual will undergo periodic 

updates; be certain that you have the most recent version available in your lab. 

  Principal investigators (PIs) and laboratory workers should contact the Biosafety 

Officer (358-5975; sstoehr@fandm.edu) or the Environmental Health and Safety Office 

(291-4153) if they are uncertain how to handle, store, treat or discard any biologically 

derived material. 

 

http://oba.od.nih.gov/rdna/nih_guidelines_oba.html
http://www.cdc.gov/biosafety/publications/bmbl5/
http://www.aphis.usda.gov/
http://oba.od.nih.gov/rdna/nih_guidelines_oba.html
http://www.cdc.gov/biosafety/publications/bmbl5/
http://www.cdc.gov/biosafety/publications/bmbl5/
mailto:sstoehr@fandm.edu
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Chapter 2 The Biosafety Program at F&M 

 
A. The Institutional Biosafety Committee (IBC) 

  The Institutional Biosafety Committee (IBC) will oversee all research and 

teaching activities at Franklin and Marshall College that involve recombinant DNA 

(rDNA) and other potentially hazardous biological materials including animal and plant 

pathogens, human cell lines and tissues, toxins, viral vectors, carcinogens and the use of 

transgenic organisms to ensure that they are conducted safely, ethically and in 

compliance with the NIH Guidelines for Research Involving Recombinant or Synthetic 

Nucleic Acid Molecules (NIH Guidelines), the CDC’s Biosafety in Microbiological and 

Biomedical Laboratories (BMBL), regulations of the USDA-APHIS, and all federal, state 

and local laws. The IBC will review, approve and register all research that involves 

rDNA and other potentially hazardous biological materials that may pose safety, health or 

environmental risks.  

  Researchers and instructors are responsible to ensure that their research and 

laboratory activities are conducted in a safe manner according to established biosafety 

standards; the IBC will act to advise and assist in meeting these responsibilities. The NIH 

Guidelines require institutions that receive support from the National Institutes of Health 

to establish and register an IBC with the NIH Office of Biotechnology Activities (OBA).  

 Specific responsibilities of the IBC include: 

 Research proposals and other laboratory activities that involves rDNA and 

other potentially hazardous biological agents including, but not limited to, 

infectious agents, human cell lines, select agents, viral vectors, carcinogens, 

toxins and transgenic organisms (plants and animals, including insects) will be 

subject to review, approval and registration by the IBC. The review shall 

assure the safe acquisition, storage, use, and disposal of all biological agents. 

Specifically, the review shall include an assessment of the facilities, 

procedures, practices, training and expertise of personnel involved in the 

research. In its review of research registrations and instructional laboratory 

activities, the IBC shall determine that all research is in accordance with NIH 

Guidelines, and the guidelines of the Biosafety in Microbiological and 

Biomedical Laboratories (BMBL) and American Biological Safety 

Association (ABSA).    

 The IBC will ensure policies are in place for compliance with relevant biosafety 

regulations, including OSHA standards and select agent and dual use policies 

of the CDC and the USDA. 

 The IBC will review and approve institutional policies, procedures and 

documents related to biosafety, including: 

Standard operating procedures (SOPs) 

Lab Safety Plans (LSPs) 

The Franklin and Marshall Biosafety Manual 

 The IBC is responsible to ensure the appropriate training of Principal 

Investigators (PIs) and lab personnel including students and technical staff. This 

training will include Biosafety Level 2 training and Exposure to Bloodborne 

Pathogens training.   

http://oba.od.nih.gov/rdna/nih_guidelines_oba.html
http://www.cdc.gov/biosafety/publications/bmbl5/
http://www.aphis.usda.gov/
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 The IBC will coordinate with IACUC when research involves transgenic 

animals and the use of rDNA in animals. Generally, the IBC will review the 

risk to human health and the environment and the IACUC will review animal 

welfare issues. 

 The IBC will adopt and oversee implementation of emergency plans covering 

spills, exposures, and other accidents.  

 The IBC will investigate any significant problems and violations of the 

institutional and NIH guidelines and any research related accidents or 

illnesses. The IBC is responsible for the filing of incident reports with the 

OBA and institutional officials within 30 days of any substantial problems or 

violations of the NIH Guidelines or in the event of research related accidents 

or illnesses. 

 

Membership in the IBC will include 2 faculty members representing the Biology 

department and 1 faculty member representing the Chemistry department. The committee 

will also include the Biosafety Officer, a representative of the Provost’s Office and the 

Associate Vice President for Facilities. The committee must include 2 members that are 

not affiliated with Franklin and Marshall College but have community interest with respect 

to public health and protection of the environment. As needed, the committee may recruit 

ad hoc consultants for review of research outside of the expertise of the members. 

The IBC at F&M will be a Provost’s committee; Faculty Council will make 

recommendations of faculty members to the Provost for appointment to the IBC. A term 

of IBC service will be 2 years. Terms are renewable; there are no term limits. A member 

of the IBC may not be involved in the review of any research proposal that they have 

submitted, expect to participate in or have a financial interest in. The member is expected 

to recuse him/herself when such proposals are being considered. 

The IBC Charter is available on the F&M Biosafety website. 

 

B. The Biosafety Officer 

      The responsibilities of the Biosafety Officer include: 

 The Biosafety Officer will register the IBC with the NIH Office of 
Biotechnology Activities (OBA) and file a report updating membership 
with the OBA annually and whenever the membership of the IBC is 
changed.  

 Biosafety Review forms for BSL1 and BSL2 protocols (also called Research 

Registration) will be submitted to the Biosafety Officer. The Biosafety Officer 

will review the protocols and make determinations of BSL1 (exempt) research 

as defined in the NIH Guidelines Section IIIF. The IBC may review the BSL1 

determination. Research that is not exempt (BSL2) will be referred to the IBC 

for review and approval. 

 

 

 

 

 

 

http://www.fandm.edu/biosafety
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 The Biosafety Officer will review revisions to Research Registrations and 

annual renewals of Research Registrations. If the modifications to the 

registration do not affect compliance with NIH Guidelines and applicable laws, 

the Biosafety Officer may approve the renewal without review by the IBC. If 

there are modifications that include additional potentially hazardous materials 

or that affect biosafety containment, the update will be referred to the IBC for 

review. 

 The Biosafety Officer is available to assist PIs and laboratory personnel in the 

selection of safe laboratory practices, equipment and controls and to provide 

technical guidance to all personnel on matters related to biological laboratory 

safety. The Biosafety Officer will provide guidance on operation of the 

laboratory to ensure compliance with CDC, NIH, OSHA and state criteria and 

provides information on policies of F&M and the IBC that apply to the 

laboratory.  

 The BSO will provide training for lab personnel including Biosafety Level 2 

and annual Bloodborne Pathogen training. Training records will be maintained 

by the BSO. 

 Periodic inspection (at least, annually) of labs to ensure compliance will be 

conducted by the Biosafety Officer. 

 

C. Principle Investigators and Teaching Faculty 

Researchers and teaching faculty are responsible to ensure that their research and 

laboratory activities are conducted in a safe manner according to established biosafety 

standards; the IBC and Biosafety Officer will act to advise and assist in meeting these 

responsibilities.  

 

 The Principal Investigator (PI) is responsible for training his/her personnel on 

the potential hazards of the specific agents involved in the research, and the 

specific techniques to be used to handle the material safely. The Biosafety 

Officer is available for consultation and assistance.  

 The PI will perform appropriate risk assessment of research projects. The 

assessment should include an analysis of the risks posed by the particular 

pathogen or potentially biohazardous material (Chapters 3 and 4) and of any 

specific research methods that may affect that risk (e.g., procedures requiring 

highly concentrated amounts of virus or inoculation of laboratory animals). 

No human, animal or plant pathogen should be studied without prior approval 

of the IBC. The PI is responsible for proposing the Biosafety Level (BSL) for 

the research/teaching project and associated handling of biological materials. 

The Biosafety Level is the combination of lab practices, safety equipment and 

laboratory facilities specifically appropriate for the operations performed, the 

agents handled and the laboratory function (Chapter 3).  
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 Registration of potentially infectious agents and materials with the Safety 

Office using either the BSL1 or BSL2 Biosafety Review forms (Chapter 10). 

The BLS1 Biosafety Review form is used for research that is considered 

exempt from NIH Guidelines. If your work is exempt, you must update and 

file this form annually. The longer BSL2 Biosafety Review form is used for 

work with risk group 2 agents or any work that requires BSL2 containment 

and practices. 

 The BSL assignment will be reviewed and approved by the Biosafety Officer. 

In cases where BSL2 practices and containment are required, the Institutional 

Biosafety Committee will review and approve the research registration and 

biosafety level assignment. Each evaluation should be completed before work 

is undertaken and the project should be reassessed periodically. 

 The PI will revise the BSL1 or BSL2 Biosafety Review form annually and 

whenever changes to protocols and/or materials require that the research 

registration should be revised or updated. Revised registrations and annual 

renewals must be submitted to the Biosafety Officer.  

 BSL2 research registrations must be resubmitted for IBC review and approval 

every three (3) years. 

 The PI will prepare a written laboratory safety plan including Standard 

Operating Procedure policies for research protocols.   The laboratory safety 

plan will be available in each lab. 

 The PI is responsible to report all accidents and exposures to lab personnel to 

EHS and/or the Biosafety Officer. Depending on the nature of the accident or 

exposure, it may be necessary to report the incident to the OBA. 

 

D. Students and Employees 

 The responsibilities of students and employees include:  

 Students and employees will comply with safety guidelines and procedures 

required for the task(s) performed. Lab personnel should be familiar with the 

SOPs and other procedures of the laboratory, the potential hazards of the 

materials in use and the emergency procedures. 

 Lab personnel will report unsafe conditions to the PI, Biosafety Officer or 

EHS. 

 Students and employees will seek guidance from their PI, Biosafety Officer or 

EHS when they are uncertain how to handle, store or dispose of any 

potentially biohazardous material.  
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Chapter 3 Principles of Biosafety 
 

 A. Risk Groups 

The World Health Organization (WHO), the CDC and the NIH recommend a 4 

group risk classification system for infectious agents that are used or encountered in 

laboratories (See NIH Guidelines Appendix B and BMBL Section 2). Infectious agents 

are classified into these 4 risk groups based on their ability to infect and cause disease in 

a susceptible human, animal or plant host. The availability of preventive measures and 

effective treatments are also considered when assessing the risk group of an infectious 

agent. The risk to both the laboratory worker and the community is evaluated when 

assigning an agent to a risk group. The descriptions of the NIH risk group classifications 

are presented in Table 1.  

 These risk groups correlate with but do not equate to biosafety levels (described 

in Section B). A risk assessment (described in Section C) should be done to determine the 

degree of correlation between an agent’s risk group classification and the biosafety level 

(BSL) that is required for work with that agent. Risk groups are the result of a 

classification of microbiological agents based on their association with and severity of 

disease in humans. The risk group of an agent should be one factor, to be considered in 

association with mode of transmission, research protocols, experience of staff, and many 

other factors in determining the BSL at which the research will be conducted.  

The BMBL includes agent summary statements that describe the hazards, 

recommended precautions, and levels of containment appropriate for handling specific 

human and zoonotic pathogens in the laboratory and in facilities that house laboratory 

animals. However, the absence of an agent summary statement for a human pathogen 

does not mean that the agent is safe to handle at BSL1. A risk assessment should always 

be done to determine the appropriate level of containment. 

 

Source: adapted from Biosafety in Microbiological and Biomedical Laboratories (BMBL), fifth 

edition, Section 2. 

Table 1. NIH Classification of Infectious Agents by Risk Group 
RISK GROUP CLASSIFICATION AGENT CHARACTERISTICS 

Risk Group 1 (RG1) Agents that are not associated with disease in 

healthy adult humans. 

Risk Group 2 (RG2) Agents that are associated with human disease 

which is rarely serious and for which preventive 

or therapeutic interventions are often available. 

Risk Group 3 (RG3) Agents that are associated with serious or lethal 

human disease for which preventive or 

therapeutic interventions may be available (high 

individual risk but low community risk). 

Risk Group 4 (RG4) Agents that are likely to cause serious or lethal 

human disease for which preventive or 

therapeutic interventions are not usually 

available (high individual risk and high 

community risk). 
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B. Biosafety Levels 

  The CDC (BMBL Sections 3 and 4) and NIH (Guidelines Appendix G) describe 

combinations of practices and facilities that define 4 biosafety levels (BSL1-BSL4). 

These BSLs should be differentiated from Risk Groups, as described in the NIH 

Guidelines and the World Health Organization Laboratory Biosafety Manual (Section A). 

The risk group of an agent is only one factor to be considered in determining BSL at 

which work will be conducted.  

  The description of a Biosafety Level consists of a combination of laboratory 

practices and techniques, safety equipment, and laboratory facilities. Each combination of 

practices and facilities is specifically appropriate for the risk group of the infectious 

agent, the documented or suspected routes of transmission of the infectious agent, the 

operations being performed, and the training and experience of the staff. 

 The recommended biosafety level for an organism represents the conditions under 

which the agent can be safely handled and stored. When specific information is available 

to suggest that virulence, pathogenicity, antibiotic resistance patterns, vaccine and 

treatment availability, or other factors are significantly altered, more (or less) stringent 

practices may be specified. 

  The laboratory practices and techniques, safety equipment, and laboratory 

facilities that are required at each of the four biosafety levels are summarized here and in 

Table 2. 

 

 Biosafety Level 1 (BSL1) is applicable for work with well-characterized strains of 

infectious viable microorganisms or agents that are not known to cause disease in healthy 

adults. BSL1 practices and facilities represent a basic level of containment that relies on 

standard microbiological practices (Chapter 7) with no special primary or secondary 

barriers except for a sink for hand washing.  Biohazard warning signs indicating BSL1 

may be posted on entrances; the policy at F&M does not require warning signs on the 

doors of BSL1 labs.  However, if you would like to request an entrance sign, contact the 

Biosafety Officer. BSL1 agents are recommended for undergraduate teaching laboratories 

and for work performed on open laboratory benches. 

 

  Biosafety Level 2 (BSL2) is required for work involving infectious agents that are 

moderate risk and/or associated with human diseases of varying severity in healthy 

adults. BSL2 is necessary when work involves human-derived blood, body fluids, or 

tissues and human cell lines where the presence of an infectious agent is unknown (Refer 

to Chapter 4 for a description of the OSHA Bloodborne Pathogen standard and 

definitions of OPIM). The primary hazard to personnel working with these agents is 

accidental percutaneous (particularly, exposure due to a needle stick), mucous membrane 

exposure and ingestion. Agents that may be transmitted by inhalation (airborne or 

respiratory transmission) should not be used at BSL2; such agents require a higher level 

of biosafety containment and practices. 

    Biosafety Level 2 practices and techniques shall include all the standard 

microbiological practices used for Biosafety Level 1, in addition to limiting access to the 

laboratory when work is in progress. Biohazard warning signs must be posted at each 

entrance to limit access to authorized individuals, provide contact and agent information, 
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and indicate BSL2 hazards. 

    Agents can be used safely on the open bench in a BSL2 lab, provided the potential 

for producing splashes or aerosols is low. Procedures with high aerosol or splash 

potential must be conducted in primary containment equipment such as a certified 

biological safety cabinet (BSC).  

    Primary barriers /personal protective equipment (PPE) such as splash shields, face 

protection, gowns and gloves should be used as appropriate. The use of PPE should be 

defined in a task-specific Standard Operating Procedure (SOP) that is available in every 

lab. 

    Secondary barriers such as hand washing and waste decontamination facilities, 

such as an autoclave, must be available. All infectious material must be decontaminated 

prior to disposal. 

   A Laboratory Safety Manual containing documented policies on implementation 

of an accident/incident plan should be in every BSL2 lab. The Manual should detail the 

methods that should be used to clean up a spill and the procedures that should be 

followed in the event that an exposure occurs. Other policies, such as the use and disposal 

of sharps should be documented in SOPs and included in the Laboratory Safety Manual. 

   Very limited research with biological agents  at Franklin and Marshall College is 

conducted at BSL2. 

  

 Biosafety Level 3 (BSL3) is appropriate for agents and materials that are high-risk, 

such as viable microorganisms associated with human diseases that are potentially lethal. 

These agents have the potential for respiratory transmission in addition to exposures 

resulting from autoinoculation, ingestion, and mucous membrane exposure. 

  Biosafety Level 3 practices and techniques include all standard microbiological 

practices used for Biosafety Levels 1 and 2 in addition to limiting laboratory access to 

only those personnel who are working with the biohazardous materials and who have 

been trained in potential hazards and control measures for the specific BSL3 agent. All 

work with these agents must be performed in a Biosafety Cabinet.  

  Work with BSL3 agents is not permitted at Franklin & Marshall College.  

 

 Biosafety Level 4 (BSL4) agents and materials are extremely high-risk viable 

microorganisms associated with dangerous, exotic or life-threatening human diseases for 

which there are no available vaccine or therapy. Because of the lack of appropriate 

facilities and restriction by law, experiments involving agents that require Biosafety 

Level 4 containment facilities are not permitted to be undertaken at Franklin & Marshall 

College 
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Table 2. Summary of Recommended Biosafety Levels for Infectious Agents 

 Complete descriptions of biosafety levels can be found in the Biosafety in 

 Microbiological and Biomedical Laboratories, 5th Edition, 2009. 

 

 
 

 

 

 

 

 

 

 

http://www.cdc.gov/biosafety/publications/bmbl5/
http://www.cdc.gov/biosafety/publications/bmbl5/


 11 

C. Risk Assessment 

 It is the responsibility of the principal investigator to conduct a risk assessment to 

determine the proper work practices and containment requirements for work with any 

infectious agents and biohazardous materials. A properly conducted risk assessment can 

help prevent exposure to biohazards and minimize the potential for laboratory-acquired 

infection. The biosafety level for an agent represents the conditions under which the 

agent can be ordinarily handled safely.  

 The risk assessment process should take into account the risk group of the agent 

(section A) as well as the mode of transmission, procedural protocols, experience of the 

staff and facility design. Additional relevant factors to be considered in determination of 

the BSL at which the work will be conducted may include information that suggests that 

the virulence, pathogenicity, antibiotic resistance patterns, and/or vaccine and treatment 

availability are significantly altered. Such information would require more (or less) 

stringent practices to be specified. Production of large amounts (>10 liters) of an agent or 

production of concentrated stocks may also require an increased containment level.  

 A useful rule to consider is that there are five P’s to be evaluated in risk 

assessment and risk management: 
Pathogen – hazardous biological agent 

Procedures – proposed experimental manipulations and safe work practices 

Personnel – appropriate training and skills 

Protective equipment – protective clothing and safety equipment 

Place – laboratory design 

Each of the “P”s will be discussed briefly here and see Table 3. 

 

Pathogen – hazardous biological agent 
 The first step in Biosafety Level (BSL) determination is to investigate if a BSL or 

risk group has previously been assigned for the proposed biological agent. Risk Group 

assignments are made based on the pathogenicity and mode of transmission of the agent. 

Very often, risk group assignments equate to BSL, i.e. agents in risk group 2 are assigned 

to BSL-2. Risk Group assignments can be found in the NIH Guidelines Appendix B, the 

BMBL Section VIII and the World Health Organization’s Biosafety Manual. If the 

biological agent is not listed in these references, then the PI must assign a BSL  using the 

best available information. Assistance in assigning BSLs is available from the Biosafety 

Officer and the Institutional Biosafety Committee. 

 Risk group assignment should be used as a starting point for determining the BSL, 

but a thorough consideration of the agent and how it is to be manipulated must also be 

done. Factors to be considered in determining the BSL include the characteristics of the 

agent  (such as virulence, pathogenicity, infectious dose, environmental stability, route of 

spread, communicability, quantity, and the availability of vaccine or treatment), and gene 

product effects (such as toxicity and physiological activity). Any strain that is known to 

be more hazardous than the parent (wild-type) strain should be considered for handling at 

a higher containment level. Certain attenuated strains or strains that have been 

demonstrated to have irreversibly lost known virulence factors may qualify for a 

reduction of the containment level compared to the risk group assigned to the parent 

strain.  
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Procedures – proposed experimental manipulations and safe work practices 

 Note that the risk group and BSLs described in the NIH Guidelines, the BMBL 

and the World Health Organization’s Biosafety Manual were assigned assuming activities 

typically associated with the growth and manipulations of the quantities and 

concentrations of infectious agents required to accomplish identification or typing. If the 

protocol requires higher concentrations, larger volumes, or practices likely to endanger 

personnel, the BSL assignment should be increased. 

 Laboratory manipulations that may generate aerosols or droplets may require a 

higher biosafety level than the agent’s risk group suggests is appropriate. 

  Review the risk group assessment with experts in the field, a biosafety 

professional or members of the IBC before you submit your BSL2 Biosafety Review 

form to the IBC for review and approval. 

 

Personnel – appropriate training and skills 

 Assignment of biosafety levels must also take into account the training and skills 

of the laboratory personnel. Laboratory personnel should receive the proper training such 

as Biosafety Level 2 and Bloodborne Pathogen training so they are aware of potential 

risks and understand the steps that should be taken to minimize those risks.  

 Researchers should have prior experience with the agents and procedures that 

represent potential hazards. Before experiments are initiated, inexperienced personnel 

should receive hands-on training from the PI or a senior researcher. If individuals do not 

have prior experience it is useful to perform trial experiments (or dry runs) without the 

agent to gain experience and confidence with the procedures.  

 

Protective equipment – protective clothing and safety equipment  

 Procedures that involve the generation of aerosols should be performed in a 

biosafety cabinet to limit the risk of exposure to hazardous agents. Sealed centrifuge 

rotors or safety cups should be used; if these are not available, centrifuge rotors or 

containers should be opened in a biosafety cabinet. Appropriate PPE should be required 

for every lab task and documented in the SOP. 

 

Place – laboratory design 

 The facility design should be appropriate for the risk assessment and BSL 

assignment. All facility features that are required by the assigned biosafety level should 

be in place, including self-closing lockable doors, autoclave, and biohazard signage.  
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    aModified from Yale University Biosafety Manual, 2008. 

 

  

Table 3. The five Ps of Risk Assessment and Risk Managementa  

 Risk Assessment Risk Management 

Pathogen  Risk Group of agent 
 Route of infection 
 Infectious Disease process 
 Virulence, pathogenicity, 

quantity/concentration 

 Registration of research: 
    IBC 

    USDA – select agents, certain 

                 plant pathogens 

    CDC – select agents 

Procedures  Aerosol risk: centrifuging, 
homogenizing, blending, 
shaking, etc. 

 Percutaneous risk: needle-
stick, broken glass, razor 
blade 

 Splash/splatter risk: 
pipetting, pouring, microbial 
loop 

 Written set of standard 
operating procedures (SOPs) 
with documentation of safety 
practices 

 Label BSL2 areas with 
biohazard signs 

 Conduct lab inspections to 
review practices and 
containment equipment 

Personnel  Aware of risks to 
immunocompromised 
individuals, pregnant women 

 Immunizations: Hepatitis B 
 

 Safety training and 
Bloodborne Pathogen 
training 

 Demonstrated proficiency 
with techniques 

 Prompt reporting of all 
accidents, exposures and 
near misses 

 Investigation of accidents 
and near misses to avoid 
future recurrence 

Protective Equipment  Containment for: 
aerosols, droplets, splatter 

 Sharps use and disposal 

 Use of PPE: 
     Goggles, gloves, lab coats,   

       face shields or safety 

goggles 

 Biosafety Cabinets 
 Sealed centrifuge rotors, 

safety buckets and rotors 

Place  Risk group/biosafety level 
requirements 

 Aerosol risk 
 Restricted access 

 Basic lab: door, sink, surfaces 
easily cleaned, eyewash and 
shower, lockable doors 

  Autoclave 
 



 14 

There are many excellent resources available to provide information and guidance for 

making a risk assessment. Links to a few resources are provided here.  

 

Biosafety in Microbiological and Biomedical Research Laboratories (the BMBL) from 

the Centers for Disease Control and Prevention (CDC) 

http://www.cdc.gov/biosafety/publications/bmbl5/ 

 

The NIH Guidelines for Research Involving Recombinant or Synthetic DNA Molecules 

(the NIH Guidelines) from the National Institutes of Health (NIH)  

http://oba.od.nih.gov/rdna/nih_guidelines_oba.html 

 

The American Biological Safety Association (ABSA) 

http://www.absa.org/riskgroups/index.html 

 

The US Dept. of Agriculture and the Animal and Plant Health Inspection Service - 

USDA/APHIS  http://www.aphis.usda.gov 

 

Select Agent Regulations (42 CFR 73) or USDA (9 CFR 121) 

http://www.selectagents.gov/select agents and Toxins list.html 

  

http://www.cdc.gov/biosafety/publications/bmbl5/
http://oba.od.nih.gov/rdna/nih_guidelines_oba.html
http://www.absa.org/riskgroups/index.html
http://www.aphis.usda.gov/
http://www.selectagents.gov/
http://www.selectagents.gov/select%20agents%20and%20Toxins%20list.html
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Chapter 4 Biohazardous Materials: Infectious agents, rDNA, Blood and 

Other Potentially Infectious Materials (OPIM) 

 
A. Definition of biohazardous materials 
An agent of biological origin that has the capacity to produce deleterious effects on 

humans, animals or plants, i.e. microorganisms, toxins, and allergens derived from those 

organisms and allergens and toxins derived from higher plants and animals. 

 

B. Categories of biohazardous materials 

1. Human, animal and plant pathogens  (Section C) 

2. Recombinant DNA (rDNA) and certain recombinant products (Section D) 

3. Human blood, blood products, tissues and certain body fluids, including  

 clinical specimens   (Section E) 

4. Cultured cells (all human and certain mammalians such as non-human primate)  

 and the potentially infectious agents these cells may contain   (Section E) 

  5. Allergens   

6. Toxins (bacterial, fungal, plant, etc.) (Chapter 14 and 15) 

  7. Infected animals and animal tissues (Chapter 5)  

 

C. Human, animal and plant pathogens including: 

 Bacteria, including those with drug resistance  

 Plasmids  

 Fungi  

 Viruses, including oncogenic viruses  

 Parasites  

 Prions      

For guidance regarding risk group and biosafety assignments refer to BMBL 

Section VIII and the NIH Guidelines  Appendix B. Summary. If the biological 

agent is not listed in these references, then the PI must assign a BSL  using the 

best available information (Chapter 3). 

 

  D. Recombinant DNA (rDNA)    

1. The NIH Guidelines and the Generation and/or use of rDNA 
 The NIH Guidelines address the safe conduct of research involving 

recombinant and synthetic DNA. Use of the word “guidelines” does not indicate 

that compliance is optional. Both NIH-funded and non-NIH funded projects 

involving recombinant DNA techniques must comply with the NIH Guidelines. 

Non-compliance may result in:  

 (i) suspension, limitation, or termination of financial assistance for the 

noncompliant NIH-funded research project and of NIH funds for other 

recombinant DNA research at the institution 

 (ii) a requirement for prior NIH approval of any or all recombinant DNA 

projects at the institution. 

 

 

 

http://www.cdc.gov/biosafety/publications/bmbl5/
http://oba.od.nih.gov/
http://oba.od.nih.gov/rdna/nih_guidelines_oba.html
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2. What is included in the definition of rDNA? 

 According to the NIH Guidelines recombinant DNA molecules are 

defined as: 

 Molecules that are constructed outside living cells by joining natural or 

synthetic DNA segments to DNA molecules that can replicate in a  

  living cell. 

 Molecules that result from the replication of those described above. 

 Synthetic DNA segments that are likely to yield a potentially harmful 

 polynucleotide or polypeptide (e.g., a toxin or a pharmacologically active  

 agent) are considered as equivalent to their natural DNA counterpart.  

 

3. Transgenic Animals  
 Investigators who create transgenic animals must complete a BSL2 

Biosafety Review form for IBC review and approval. In addition, the 

corresponding Institutional Animal Care and Use Committee (IACUC) protocol 

must be reviewed and approved. Transgenic animals are subject to biosafety 

containment based on the genes that have been introduced into the genome and 

the nature of the expressed gene product. Transgenic Drosophila, depending on 

the genes being introduced into the genome, is generally considered exempt and 

may be used at BSL1 containment. 

 

4. Transgenic Plants  
 Experiments to genetically engineer plants using recombinant DNA 

methodologies require registration with the IBC. The NIH Guidelines provide 

specific plant biosafety containment recommendations for experiments involving 

the creation and/or use of genetically engineered plants. Generally, transgenic 

Arabidopsis is considered to be exempt and may be used at BSL1; this depends on 

the genes that are inserted into the Arabidopsis genome. 

 

5. Biosafety Levels for Research with rDNA 

The level of biosafety containment for research with rDNA is dictated by 

the host, the vector and the nature of the inserted DNA. The NIH Guidelines 

(Section III and Appendix C) provide guidance regarding the biosafety levels that 

are appropriate for work involving rDNA. In general, experiments that use 

Escherichia coli K-12 and Saccharomyces host-vector systems are exempt and 

may be used at BSL1. Viral vectors derived from adeno-associated virus (AAV) 

types 1 through 4 and non-conjugative plasmids are also generally exempt. In 

addition, rDNA molecules containing less than one-half of any eukaryotic viral 

genome are exempt. There are, however, many exceptions to these general 

exemptions; refer to the NIH Guidelines Section III and Appendix C to determine 

the biosafety level of any host, vector, DNA combination. 

If you have specific questions about a particular host-vector system not 

covered by the guidelines, contact the Office of Biotechnology Activities (OBA) 

(Phone (301) 496-9838, http://www4.od.nih.gov/oba/, e-mail: oba@od.nih.gov.) 

Updates to the NIH Recombinant DNA Guidelines are published in the Federal 

Register and are available at the OBA website. 

mailto:oba@od.nih.gov
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6. Registration of rDNA protocols with the IBC 

 Experiments involving the generation of rDNA must be registered with the 

Biosafety Officer and may require review and approval by the IBC. Research 

involving Risk Group 1 agents that require BSL1 containment may be registered 

using the BSL1 Biosafety Review form. Research using Risk Group 2 agents and 

BSL2 containment must be registered using the BSL2 Biosafety Review form; 

this will require review and approval by the IBC. Copies of these forms are 

available on the Biosafety website. Refer to Chapter 10 for complete information. 

 

E. The OSHA Bloodborne Pathogen Standard: Human Blood and Other Potentially 

Infectious Biological Materials (OPIM) 
1. Human Blood, Blood Products, Body Fluids and Tissues (OPIM) 

 In 1991, the Occupational Safety and Health Administration (OSHA) 

published a standard to minimize occupational exposure to Hepatitis B Virus 

(HBV), Hepatitis C virus (HCV), Human Immunodeficiency Virus (HIV) and 

other bloodborne pathogens. This federal regulation, "Occupational Exposure to 

Bloodborne Pathogens" 29 CFR 1910.1030 mandates a combination of 

engineering and work practice controls, training, Hepatitis B immunization, and 

other provisions to help control the health risk to employees resulting from 

occupational exposure to infectious agents that may be present in human blood 

and other potentially infectious materials (OPIM, which includes human body 

fluids and unfixed human tissues, including clinical samples). Table 4 contains a 

list of materials covered by the Bloodborne Pathogen standard. 

 

2. Established and Primary Human and Non-human Primate Cell Lines 

 The OSHA standard was expanded (the OSHA Standard Interpretation on 

Applicability of 1910.1030 to Establish Human Cell Lines) to include established 

human cell lines as OPIM in 1994. Non-human primate cell lines are also 

considered to be OPIM because they may harbor agents that are infectious to 

humans.  In addition, other animal cell lines that are known to be or are likely to 

be infected or contaminated with human microbes or agents classed as bloodborne 

pathogens, especially hepatitis viruses and HIV, are covered by the OSHA's 

Bloodborne Pathogen Standard.  

 

3. Biosafety Containment Requirements for Blood and OPIM 

 Biosafety Level 2 practices and procedures must be followed when 

handling human blood and OPIM (blood products, body fluids and tissues and 

human and non-human primate cell lines) because of the unidentified potentially 

infectious agents they may contain. Biosafety Level 2 practices and procedures, 

consistent with "Standard Precautions", require all specimens of human blood or 

other potentially infectious materials to be treated as if they are infectious. 

 When cell cultures are known to contain an infectious agent or an oncogenic  

 virus, the cell line should be classified as the same level as that recommended for  

 the agent or virus. This may increase the risk group and biosafety level above  

 BSL2. 

 

http://www.fandm.edu/biosafety
http://www.osha.gov/pls/oshaweb/owasrch.search_form?p_doc_type=STANDARDS&p_toc_level=1&p_keyvalue=1910
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=INTERPRETATIONS&p_id=21519


 18 

Table 4. Materials covered by the OSHA Bloodborne Pathogens Standard 
 1.  Bloodborne pathogens, such as human immunodeficiency virus (HIV), hepatitis B virus 

(HBV), and hepatitis C virus (HCV) 

 2.  Human blood: includes blood, blood components, and products made from human blood 

 3.  Other potentially infectious materials (OPIM): 

     Unfixed human tissue or organ (other than intact skin) from a living or dead human 

     Primary human tissue cultures These cultures are explants of living human tissue  

                  placed in a medium for tissue culture. 

     Primary human cell strains These cell strains are propagated in vitro from primary 

                  explants of human tissue or body fluids that have a finite lifetime (i.e.,    

                  nontransformed) in tissue culture for 20 to 70 passages. 

     Established human cell lines These cell lines are immortalized cells that have been  

                  transformed by spontaneous mutation or natural or laboratory infection with an  

                  immortalizating agent, and then propagated or passed many times (e.g., in vitro  

                  or in animals, such as mice). 

     Human body fluids include semen, vaginal secretions, cerebrospinal fluid, synovial  

                  fluid, pleural fluid, pericardial fluid, peritoneal fluid, amniotic fluid, saliva in  

                  dental procedures, any body fluid that is visibly contaminated with blood, and all  

                  body fluids in situations where it is difficult or impossible to differentiate  

                  between body fluids. Some human secretions that do not contain visible blood 

  are not considered OPIM (e.g., urine, feces, tears, sweat, sputum and saliva). 

     HIV or HBV infected materials. HIV-containing cell or tissue cultures, organ cultures,  

                  and HIV- or HBV-containing culture medium or other solutions; and blood,  

                  organs, or other tissues from humans or experimental animals infected with HIV 

                  or HBV. 

Source: Adapted from Biosafety Manual, Lawrence Berkeley National Laboratory, 2010. Text 

was taken from OSHA Bloodborne Pathogen Standard 29 CFR 1910.1030 and the OSHA 

Standard Interpretation on Applicability of 1910.1030 to Establish Human Cell Lines. 
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 4. Hepatitis B Immunization and Bloodborne Pathogen Training 

 The Bloodborne Pathogen standard 1910.1030 requires that Hepatitis B 

immunization is made available to all occupationally at-risk employees at no cost 

to the employee. At F&M, student researchers, who are working in labs for course 

credit, are included in the definition of employee for the purposes of 

immunization and training. Hepatitis B immunization is available through Student 

Health Center or Lancaster General Hospital. Students and employees who 

decline immunization are required to file the Hepatitis B Vaccine Declination 

Form (available in the Exposure Control Plan and at training sessions). Students 

who decline the vaccine may not work in labs where materials covered by the 

OSHA Bloodborne standard (including human cell lines) are present until the IBC 

reviews the reasons for their declination and gives approval. 

 Mandatory annual Bloodborne Pathogen safety training provides 

information on protection from occupational exposure to infectious materials. All 

individuals working in a BSL2 lab are required to receive Bloodborne Pathogen 

training whether or not their work involves exposure to blood or OPIM. This 

training is offered through EHS and the Biosafety Officer. Training sessions are 

held at the beginning of every semester and by appointment with the Biosafety 

Officer (Chapter 11). Training is also available on-line at fandm.edu/biosafety. 

Please contact the Biosafety Officer (sstoehr@fandm.edu) for instructions 

regarding the on-line training.

http://www.fandm.edu/biosafety/biosafety-training
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Chapter 5 Animal Biosafety 

 
A. Use of Infectious Agents and rDNA in Animals  

 All animal protocols involving the use of rDNA, infectious or transmissible 

agents, toxins or carcinogens must be submitted to the IBC and to the Institutional 

Animal Care and Use Committee (IACUC) for review and approval. 

 The co-application of Biosafety Levels and the Animal Biosafety Levels are 

determined by a risk assessment that is appropriate for each protocol involving animals. 

In general, the biosafety level recommended for working with an infectious agent or 

rDNA in vivo and in vitro is comparable (Chapter 3). 

 Maintaining animals in the vivarium can present unique problems in biological 

safety containment. The activities of the animals themselves can present unique hazards. 

Animals may generate aerosols, bite and scratch and they may be infected with a 

zoonotic agent. These behaviors and hazards may require additional safety precautions, 

such as use of additional types of PPE, than would be necessary for in vitro work with a 

given agent. 

 

B. Animal biosafety Levels (ABSL) 

 There are four animal biosafety levels (ABSLs), designated Animal Biosafety 

Level 1 through 4, for work with infectious agents and rDNA in mammals. The levels are 

combinations of practices, safety equipment and facilities for experiments on animals that 

are infected with agents that produce or may produce human infection (These are 

summarized in Table 5). The practices and equipment required for animal biosafety 

levels closely mirrors those of the general laboratory Biosafety Levels 1-4.  Complete 

descriptions of all Biosafety Levels and Animal Biosafety Levels are outlined in the 5th 

edition of BMBL and the NIH Guidelines Appendix Q. 

 

Animal Biological Safety Level 1 (ABSL-1) -- is suitable for work involving 

well-characterized agents that are not known to cause disease in healthy adult 

humans, and that are of minimal potential hazard to laboratory personnel and the 

environment. 

Animal Biological Safety Level 2 (ABSL-2) -- is suitable for work with those 

agents associated with human disease. It addresses hazards from ingestion as well 

as from percutaneous and mucous membrane exposure. 

Animal Biological Safety Level 3 (ABSL-3) -- is suitable for work with animals 

infected with indigenous or exotic agents that present the potential of aerosol 

transmission and of causing serious or potentially lethal disease. 

Animal Biological Safety Level 4 (ABSL-4) -- is suitable for addressing 

dangerous and exotic agents that pose high risk of like threatening disease, 

aerosol transmission, or related agents with unknown risk of transmission.  

 

All ABSL-3 and ABSL-4 work is prohibited at F&M. 

 

 

 

http://www.cdc.gov/biosafety/publications/bmbl5/
http://oba.od.nih.gov/rdna/nih_guidelines_oba.html
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Chapter 6 Plant Biosafety and Plant Pathogens 

A. Research Involving Plant Pathogens 

The United States Department of Agriculture (USDA) through The Animal and 

Plant Health Inspection Service (APHIS) is responsible for the regulation of materials, 

organisms or agents that that are broadly classified as plant pathogens. These are 

infectious agents or toxins that may cause harm to domestic or native plants or natural 

resources in the United States. Plant pathogens also include predators and vectors that 

may indirectly harm plants resources. Genetically modified plants are also regulated by 

the USDA-APHIS. Several branches of APHIS have distinct regulatory responsibilities 

(Table 6). 

The Plant Protection and Quarantine (PPQ) branch of APHIS safeguards 

agriculture and natural resources from the risks associated with the entry, establishment, 

or spread of animal and plant pests and noxious weeds to protect the abundance and 

quality of the US food supply. PPQ provides the following resources: 

 PPQ Permits Web page: Provides permit applications for soil, plant pests, plants, 

plant products, weeds, etc.  

 The PPQ Soil Circular: Defines what is and is not soil, and provides information 

about soil treatments and permits. This mixture can support biological activity and 

therefore carry and introduce harmful pests or diseases from one location to 

another.  

 The PPQ Plant Pest Program: Provides a list of select insects, mollusks, 

nematodes, plant diseases, or noxious weeds that are considered pests.  

 The PPQ Cooperative Agricultural Pest Survey Program: Provides lists of 

National Pests of Concern and State Pests of Concern.  

 A list of fungal plant pathogens for each U.S. state is currently being developed 

by PPQ to help expedite the permit process for obtaining research isolates. The 

list will be based on the Widely Prevalent Fungi of the United States Web site.     

  

  The Biotechnology Regulatory Services (BRS) of APHIS uses permits, 

notifications, and petitions to regulate the importation, interstate movement, or 

environmental release of certain genetically engineered organisms including plants, 

insects, or microbes that may be plant pests. APHIS uses the term biotechnology to mean 

the use of recombinant DNA 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.  

 Most transgenic Drosophila developed for research purposes do not contain 

genetic sequences from plant pests and are themselves not considered plant pests, 

however, shipments manifested as “fruit flies” have recently raised agricultural and 

environmental concerns because this common name also refers to species of Drosophila 

like the Mediterranean and oriental fruit flies, which are plant pests. When transgenic 

Drosophila developed for research need to be moved, a Drosophila Courtesy Permit 
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Application or an APHIS 2000 Form must be completed to confirm they are not plant 

pests and do not need to be regulated. 

 

Select agents and toxins are specific pathogenic agents and toxins that pose a 

severe threat to human, animal, and plant health because of their potential for use as 

biological weapons (Chapter 14). Select agents and toxins that affect plant health are 

regulated by the USDA-APHIS. Consult the most recent online list at 

http://www.selectagents.gov/. Only facilities registered with and individuals approved by 

CDC or APHIS are allowed to possess, have access to, or transfer the specific agents and 

strains or toxins for which they are approved. 

 

 

 

 

       

Source: Adapted from the Lawrence Berkeley National Laboratory Biosafety Manual 

 

 

 

 

 

 

 

 

 

Table 6. USDA-APHIS Regulated Materials, Organisms and Agents 
 

APHIS Branch 

Examples of USDA-APHIS-Regulated Materials, 
Organisms, and Agents 

Plant Protection and 
Quarantine (PPQ) 

Plant pests such as soil, plant pathogens, plants, plant 
products, weeds, insects, mollusks, and nematodes 

Veterinary Services 
(VS) 

Material, organisms, vectors, animal pathogens, animal 
products, cell cultures and their products, live animals, 
semen, embryos, and veterinary biologics (e.g., vaccines, 
antibodies, and diagnostic kits) that may harm animal health 

Biotechnology 
Regulatory Services 
(BRS) 

Certain genetically engineered organisms that may pose a 
plant pest risk, including organisms that are plants, insects, 
or microbes 

Agricultural Select 
Agent Program 

 

Animal and plant pathogens that are select agents 

http://www.selectagents.gov/
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APHIS Regulates the Transfer, Storage, Use, and Disposal of Plant Pathogens 

Individuals responsible for the transfer, storage, use, or disposal of plant 

pathogens must obtain permits when required and ensure that specific requirements in the 

permit and compliance agreement are implemented.  

Generally, APHIS requires a permit or other document to import, export, or store 

regulated materials from or to locations outside the continental United States (U.S.) or 

between U.S. states. Several branches of APHIS issue permits for different agents. 

Current USDA Web sites and the USDA permit process should be consulted to determine 

if the USDA considers specific agents in specific locations (e.g., California) to be plant 

pathogens. APHIS permits are issued to individuals and are not transferrable to others. 

Unlike human pathogens, which are regulated by the CDC’s BMBL and the NIH 

Guidelines, APHIS does not assign Biosafety Level designations to research protocols. 

Instead, specific controls and containment measures are implemented on a case-by-case 

basis when inspections are done before permit approval. Conditions that may be 

mandated during permit approval include: 

 Use of BSC for opening of shipping containers, isolation and culture transfer 

of plant pathogens 

 Inactivation or sterilization of plant pathogens or plant materials before 

disposal 

 Posting signs at entrances to labs indicating restricted access for facilities 

containing material covered by a permit. The specific wording of the sign may 

be described in the permit. 

 Specific training for laboratory personnel may be required. 

 Lab practices are documented in Standard Operating Procedure documents, 

which are available in the lab. 

 Requirement that stock cultures or other materials be stored in secure locked 

location 

 

B. Research Involving Plants 

 Biosafety containment levels and criteria for recombinant research with plants, 

including transgenic plants, must be selected based on the findings of a complete risk 

assessment and approval by the Biosafety Officer (for work designated as BSL1); BSL2 

protocols must be submitted to the IBC for review and approval. Laboratory or plant 

biosafety containment levels must be applied to the work as follows: 

 Laboratory BSLs and criteria discussed in Chapter 3 of this manual and Appendix 

G of the NIH Guidelines should be used when the research plants are of a size, 

number, or have growth requirements that allow good containment when using 

laboratory BLs. 

Plant BLs (BL-P) must be used when the research plants are of a size, number, or have 

growth requirements that preclude the use of laboratory BLs. For plant BLs and criteria, 

see Appendix P (Physical and Biological Containment for Recombinant DNA Research 

Involving Plants) of the NIH Guidelines. 

http://www.aphis.usda.gov/permits/index.shtml
http://oba.od.nih.gov/rdna/nih_guidelines_oba.html
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Chapter 7 Laboratory Practices and Procedures 

 
The fundamental aim of a biosafety program is to identify risks that would lead to 

exposure of personnel or the environment to infectious agents or biohazardous materials. 

An effective biosafety program should prescribe practices, facilities and equipment that 

will allow those risks to be eliminated or greatly reduced.  

Perhaps the most important element of any biosafety program is strict adherence 

to these biosafety guidelines by lab workers. In addition, personnel working with 

infectious agents or potentially biohazardous materials must be aware of the potential 

hazards, and must be trained and proficient in the practices and techniques required for 

handling such material safely.  

 All laboratory workers should be familiar with and follow the fundamental 

standards for safety outlined in this chapter. Everyone working with biohazardous agents 

must be consistently aware of the importance of the proper attitude in preventing 

accidents in the laboratory. 

 

A. General Safety Guidelines 

 These general guidelines for safety should always be followed in any lab at all 

times  

 Standard (or universal) precautions, defined as the assumption that all  

  biological material contains potentially infectious agents, should be  

  observed at all times.  

 Inflexibility of work habits, that tend to preclude last minute modification  

  when an accident situation   is recognized, can lead to laboratory accidents.  

 Working too quickly or when distracted may be a factor leading to an  

 accident.  

 The performance of routine procedures such as diluting and plating  

   cultures is the most frequent task   being performed at the time of 

laboratory  

   accidents.  

 Working when one is very tired is more likely to create a higher potential  

   for accidents.  

 Working at a well-organized and uncrowded laboratory bench will help in  

   the prevention of lab   accidents.  
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B. Standard Microbiological Practices 

 Work practices at all biosafety levels are based on an understanding of, training in 

and adherence to standard microbiological practices. The following is a listing of 

standard microbiological practices, but should not be viewed as comprehensive. 

 Wash hands after handling biological materials, removing gloves, and before 

leaving work area. 

 Eating, drinking, storing food, handling contact lenses and applying cosmetics are 

not permitted in laboratory areas. Food should not be stored in refrigerators or 

freezers used to store biohazardous material 

 Wear clothing (sleeves, scarves, closed toe shoes, jewelry) appropriate to your 

tasks. Tie long hair back. 

 Always use mechanical pipetting devices (never mouth pipette – not even water). 

 Always use cotton-plugged pipettes when pipetting biohazardous or toxic 

materials, even when mechanical pipetting devices are used. 

 Use "to deliver" pipettes rather than those requiring "blowout". 

 Do not forcibly expel biohazardous material out of a pipette. This creates 

aerosols. 

 Never mix biohazardous or toxic material by suction and expulsion through a 

pipette. 

 Do not discharge material from a pipette at a height. Whenever possible allow the 

discharge to run down the container wall. 

 Place contaminated, reusable pipettes horizontally in a pan containing enough 

liquid disinfectant to completely cover them. Do not place pipettes vertically into 

a cylinder. 

 Decontaminate work surfaces daily and after spills. 

 Use PPE appropriate to your tasks. Gloves and lab coats are recommended when 

biological materials are being handled. Wear a buttoned lab coat to protect street 

clothes. 

 All protective equipment and laboratory garments must NOT be worn outside the 

laboratory.  

 Laboratory clothing must be disinfected or clearly labeled as potentially infectious 

or dirty before removal from the laboratory. 

 Always use procedures that minimize the formation of aerosols. Operations such 

as centrifugation, sonication, and blending are known aerosol- generating 

procedures. 

 Use sharps only when no alternatives (e.g., safety devices or non-sharps) exist.  

 Take extreme precautions when sharps must be used.  

 Dispose of sharps carefully and properly.  

 Dispose of biohazardous waste properly in red biohazard bags or sharps 

containers. Decontaminate waste materials before disposal. 
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C. Biosafety Level 1 Lab Practices 

 BSL1 containment is appropriate for work with: 

 Risk group 1 agents 

 Biological materials not suspected of containing risk group 2 or higher 

agents (such as soils and non-primate animal cells) 

 Laboratory growth of non-greenhouse transgenic plants 

 

 Work Practices 

 Strict adherence to standard microbiological practices (described above) is  

fundamental to safe laboratory practice. Personnel must have specific training 

in the procedures being conducted. 

 

 Primary Barriers and safety equipment 

  No primary barriers or safety equipment is required in a BLS 1 lab. 

 Biosafety Level 1 Labs are not necessarily separated from the general 

traffic patterns in a building.  

 Work is conducted on the open bench top using standard 

microbiological practices (see section B). Special containment, such as 

a Biosafety Cabinet (BSC), is not required, but may be used depending 

on risk assessment.  

 Personal Protective Equipment such as goggles, safety glasses, gloves  

 and lab coats should be available and used as appropriate.  

 

 Facilities (secondary barriers) 

 All labs using biological materials must be equipped with a sink 

providin hot and cold running water dispensed by a mixing faucet, 
and have soap and disposable hand towels immediately accessible.  

 An emergency shower and eyewash should be available. 

 

D. Biosafety Level 2 Lab Practices 

  Biosafety level 2 containment is appropriate for work with: 

 Biological agents characterized as risk group 2 by the NIH Guidelines, 

BMBL, or the supplier. 

 Biological materials that may contain risk group 2 materials (i.e., 

sewerage). 

 Materials that may harbor bloodborne pathogens: human blood and 

OPIM including human tissue, cells and nonhuman primate tissues or 

cells. 

 Viral vectors that are replication defective but still infectious to human 

cells. 

 Laboratory animals infected with Risk Group 2 agents. 

 

  Biosafety level 2 incorporates all the practices and safeguards of BSL1 and the 

additional practices and safeguards described here. 
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  Work practices 

Standard microbiological procedures should be followed at all times. 

In addition: 

 Biohazard warning signs should be posted at access points and on  

 equipment containing or contaminated by potentially infectious materials.  

 The room sign should provide safety information to visitors and service  

 personnel. The sign should describe the entry/exit requirements for  

 individuals, health precautions and PPE that are required in the room.  

 Room signs may, but are not required to, contain designations for all 

 laboratory hazards in use within the laboratory (carcinogens, toxins,  

 reproductive hazards, biohazards).  

 All areas and laboratories that contain biohazardous or toxic agents must  

be posted with signs stating, "EATING, DRINKING, SMOKING AND  

APPLYING COSMETICS ARE PROHIBITED IN THIS AREA." 

 Limit access to work areas. Close doors during work with biohazardous 
materials. 

 Conduct procedures likely to create splashes, sprays, or aerosols within a  

 biological safety cabinet that is certified annually. 

 Use sealed centrifuge containers and rotors or open centrifuge containers  

 in a BSC. 

 Procedures for the safe handling of sharps must be instituted, and efforts  

should be made to minimize exposure to potentially infectious material  

through the use of safety- engineered sharps.  

 When using syringes and needles with biohazardous or potentially 

infectious agents, work in a biological safety cabinet. 

 Fill the syringe carefully to minimize air bubbles. 

 Expel air, liquid and bubbles from the syringe vertically into a 

cotton pledget moistened with disinfectant. 

 Bending, recapping or removal of needles from syringes should be 

avoided. If you must recap or remove a contaminated needle from a 

syringe, use a mechanical device (e.g. forceps) or the one-handed scoop 

method.  

 Do not use a syringe to mix infectious fluid forcefully. 

 Wrap the needle and stopper in a cotton pledget moistened with  

 disinfectant when removing a needle from a rubber-stoppered bottle. 

 Used disposable needles and syringes must be placed in appropriate sharps  

 disposal containers and discarded as infectious waste. 

 Dispose of biohazardous waste properly in red biohazard bags or sharps  

 containers. Liquid waste should be chemically decontaminated or  

 autoclaved before disposal. 

 Transport materials outside of the laboratory using secondary containment  

 and a cart. Containers should be clearly labeled as containing  

 biohazardous material. 
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 Be familiar with written instructions for laboratory procedures and proper  

 responses to emergencies, such as spills and exposures. Lab specific SOPs  

 and laboratory safety plans are available in every lab. 

 Report spills, exposures, illnesses, and injuries immediately to your PI, 
the Biosafety Officer, Dr. Stoehr (358-5975, sstoehr@fandm.edu) and 

EHS (291-4153) 

 

  Primary Barriers and safety equipment 

 A Class II Biosafety cabinet must be used for all manipulations of agents  

 that may cause splashes or aerosols. The BSC must be certified annually.  

 See Chapter 12 for more information on the operation and use of BSC. 

 Plan your work so that movement into and out of the BSC is  

 minimized.  

 Move slowly to minimize disruptions to the airflow. 

 To minimize disruption of air flow during work in a BSC, keep  

  room doors closed and traffic in the area to a minimum. 
 Do not place objects on the front air intake grill. 

 Do not use a flame in the BSC. 

 Disinfect the BSC before and after your work. 

 Always use PPE appropriate to your task 

 Wear gloves when hands may contact potentially infectious 

materials, contaminated surfaces, or equipment. 

 Wear eye/face protection if splashes or sprays are anticipated 

during work outside a biological safety cabinet. 

 

 Facilities (secondary barriers) 

 An autoclave must be available. 

 

 E. Medical Restrictions 

  Because it is recognized that exposure to certain infectious agents and hazardous 

materials may be harmful to a fetus during pregnancy, women who are pregnant or 

become pregnant should immediately notify their PI. Pregnant women are urged to 

discuss the risks associated with their research with their PI and physician so that 

appropriate precautions can be exercised. 

  Individuals with specific medical considerations, such as HIV infection, 

immunosuppressive treatments and drug therapy that may affect the immune system, 

should also discuss appropriate precautions with their PI and physician. 

 

 

 

 

 

 

 

 

 

mailto:sstoehr@fandm.edu


 32 

 F. Glove removal 
 Gloves should be changed whenever one’s work is completed, before leaving the lab 

and if the glove becomes contaminated or compromised. Glove removal should be done 

carefully to prevent the contaminated glove surface from coming in contact with your 

bare skin. It is also important to remove gloves in a manner that minimizes the spread of 

potentially infectious material into the air. The procedure outlined below is an effective 

and safe way to remove gloves. When done correctly, the first glove will be inside the 

second glove, which will be removed so the inside of the glove is turned outward. With 

practice, it will become second nature to follow this procedure. 

 

 

  Figure 1. Glove removal to minimize the generation of aerosols and contact with  
  contaminated glove surfaces. 
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 G. Procedures that produce aerosols 

  The use of devices such as ultrasonic disrupters, grinders, blenders, homogenizers 

and, even, pipettes results in considerable aerosol production and should be performed in 

a BSC whenever possible. Appropriate primary barrier protection (splash shields, 

goggles, bench napkins, gloves, etc.) should always be used.  

  Whenever a procedure that generates aerosols has been performed, allow the 

vessel to sit for a short time (15 minutes) so that the aerosol can settle before opening. 

Review the operations manual for the device you are using, paying special attention to 

those areas of the device that are susceptible to contamination by your product and 

decontaminate appropriately after use with potentially biohazardous materials. 

 Open all glass ampoules containing liquid or lyophilized culture material in a 

BSC to contain the aerosol produced. Gloves must be worn. To open, nick the neck of the 

ampoule with a file, wrap it in disinfectant soaked towel, hold the ampoule upright and 

snap it open at the neck. Reconstitute the contents of the ampoule by slowly adding liquid 

to avoid aerosolization of the dried material. Mix the contents without bubbling and 

withdraw it into a fresh container. Discard the towel and ampoule top and bottom as 

infectious waste. 

 

 H. Centrifuge safety 
 One of the main hazards associated with centrifugation is the creation of aerosols. 

Aerosols are created by practices such as filling centrifuge tubes, removing plugs or caps 

from tubes after centrifugation, removing supernatant, and pellet resuspension. The 

greatest aerosol hazard is created if a tube breaks during centrifugation. To minimize the 

generation of aerosols when centrifuging biohazardous material, follow these procedures:  

 Use sealed tubes and safety buckets that seal with O-rings. Before use, inspect 

tubes, O-rings and buckets for cracks, chips, erosions, bits of broken glass, 

etc.  

 Fill and open centrifuge tubes, rotors and accessories in a BSC.  

 Avoid overfilling of centrifuge tubes so that closures do not become wet. 

After tubes are filled and sealed, wipe them down with disinfectant. 

 Always balance buckets, tubes and rotors properly before centrifugation. 

 Do not decant or pour off supernatant. Use a vacuum system with appropriate 

in-line reservoirs and filters (Chapter 12). 

 Work in a BSC when re-suspending pelleted material. Use a swirling rotary 

motion rather than shaking. If shaking is necessary, wait a few minutes to 

permit the aerosol to settle before opening the tube. 

 Small low-speed centrifuges may be placed in a BSC during use to contain 

aerosols. 

 Avoid the use of celluloid (cellulose nitrate) tubes with biohazardous 

materials. Celluloid centrifuge tubes are highly flammable and prone to 

shrinkage with age. They distort on boiling and can be highly explosive in an 

autoclave. If celluloid tubes must be used, an appropriate chemical 

disinfectant must be used to decontaminate them. 

 

 

 



 34 

 

 I. Housekeeping 

 Good housekeeping in laboratories is essential to reduce risks and protect the 

integrity of biological experiments. Routine housekeeping must be relied upon to provide 

work areas that are free of significant sources of contamination. Housekeeping 

procedures should be based on the highest degree of risk to which personnel and 

experimental integrity may be subjected. 

 Laboratory personnel are responsible for cleaning laboratory benches, equipment 

and areas that require specialized technical knowledge.  

 Laboratory staff are responsible to: 

• Secure biohazardous materials at the conclusion of work. 

• Keep the laboratory neat and free of clutter - surfaces should be clean and free  

 of infrequently used chemicals, biologicals, glassware and equipment.  

 Access to sinks, eyewashes, emergency showers and fire extinguishers must  

 not be blocked. 

• Decontaminate and discard infectious waste – do not allow it to accumulate in 

 the laboratory. 

• Provide a workplace that is free of physical hazards - aisles and corridors  

 should be free of tripping hazards. Attention should be paid to electrical 

 safety, especially as it relates to the use of extension cords, proper 

 grounding of equipment, avoidance of overloaded electrical circuits and 

 avoidance of the creation of electrical hazards in wet areas. 

• Properly secure all compressed gas cylinders. 

• Never use fume hoods or biosafety cabinets for storage. 

 

 J. Biohazard Spill Cleanup Procedure 

The following procedures are provided as a guideline to biohazardous spill 

cleanup in a Biosafety Level 2 lab. 

If the accident results in an exposure or injury, the injured personnel should go to 

Appel Health immediately. After hours, injured personnel should go to Lancaster General 

Hospital Emergency Room (555 N. Duke St) or Lancaster Regional Medical Center (250 

College Ave). If transportation assistance is required, call Public Safety (X3939) or 911. 

Exposure accidents are covered more completley in Chapter 8. 

 

1. Small spills 

 Do not pick up pieces of broken glass with gloved hands; use tongs or a 

dedicated brush pan and broom. Two stiff pieces of cardboard may also be 

used. The documented procedure for sharps disposal must also be used for the 

disposal of contaminated broken glass.  

 Place a disinfectant soaked paper towel over the spill and allow at least 15 

minutes of contact time. Remove the contaminated towels & discard as 

infectious waste. Wipe up any remaining spill with a disinfectant-soaked 

paper towel. It may be necessary to repeat this step. 

 Dispose of all broken glassware, paper towels and PPE as infectious waste. 

 Wash your hands. 
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2. Larger spills: Contained Within a Biological Safety Cabinet (BSC) 

 The BSC must run during cleanup to contain aerosols & HEPA-filter the 

exhaust air. 

 Wear appropriate personal protective gear before initiating cleanup. At a 

minimum this should include gloves and a buttoned lab coat. 

 Initiate clean up as soon as possible using a germicidal disinfectant 

(phenolic compound or iodophor). Alcohol is not recommended. Large 

quantities may create the risk of fire. 

 If the spill is contained on a bench diaper, remove the contaminated bench 

diaper & discard as infectious waste. 

 If the spill is on the work area surface, cover spilled material with 

disinfectant-soaked towels. Allow 20 minutes contact time, then remove 

the contaminated towels & discard as infectious waste. Wipe up any 

remaining spill with a disinfectant-soaked paper towel.  It may be 

necessary to repeat this step. 

 Wipe down the interior of the cabinet & any splatter on items within the 

cabinet with a disinfectant-soaked towel. 

 Wipe down non-autoclavable materials with disinfectant. Allow 20 

minutes of contact time with disinfectant before any items are removed 

from cabinet. 

 Place all contaminated disposable materials used in the cleanup process in 

an autoclave bag and process as infectious waste. 

 Place contaminated re-usable items in biohazard bags, autoclavable pans 

with lids or wrap them in newspaper. Sterilize by autoclaving, then clean 

for re-use. 

 If the cabinet has a catch basin beneath the work surface & the spill 

resulted in liquids flowing into this area, more extensive decontamination 

is required. 
1. Ensure the drain valve under the cabinet is closed. 

2. Pour disinfectant onto the work surface & through the front and rear  

    grilles into the drain pan. Allow 20-30 minutes contact time. 

3. Absorb spilled fluid-disinfectant from work surface with paper towels  

    & discard in biohazard bag. 

4. Prepare to empty drain pan. Place disinfectant solution in a collection  

    vessel. Attach flexible tubing to the drain valve. The tube should be of  

    sufficient length to allow the open end to be submerged in the  

    collection vessel to minimize aerosol generation. 

5. Open the drain valve & empty the drain pan into the collection vessel  

    containing disinfectant. Flush the drain pan with water & remove the  

    flexible tubing. Manage contaminated materials as if they are  

    infectious. 

6. Run BSC at least 10 minutes after cleanup, before resuming activity in  

    the cabinet. 

 Remove protective clothing used during cleanup & place in a biohazard 

bag for autoclaving. Wash hands when gloves are removed. 

 Notify Principal Investigator, the biosafety officer, (358-5975, 
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sstoehr@fandm.edu) and EHS (291- 4153).  

 3. Larger spills: Outside the Cabinet, Inside the Laboratory 

 If a large spill occurs in a Biosafety Level 2 facility, outside the BSC, 

notify other individuals in the laboratory to evacuate. 

 Exit the laboratory to the hallway, closing the door behind you. 

 Remove any contaminated clothing (turn contaminated portion inward) & 

place it in an autoclave bag. 

 Wash all exposed skin. 

 Notify the PI. Place signs on door(s) to the laboratory warning individuals 

who may want to enter that a spill occurred & access is denied. 

 Allow aerosols to settle for 30 minutes before re-entering the laboratory. 

 PI must clear lab for re-entry. For extensive BL2 contamination (i.e. 

centrifuge incident), the Biosafety Office or EHS must be notified and  

will, in conjunction with the PI, clear the laboratory for re-entry. 

 Assemble supplies (disinfectant, sharps containers, towels, tongs, 

autoclave bags, etc.) before entering the laboratory. 

 Don appropriate personal protective equipment (i.e. disposable gown, 

protective eyewear, gloves, shoe coverings & respiratory protection, if 

needed). 

 Clean up spill with a suitable disinfectant as follows: 

1. Surround spill area with disinfectant or diking material that is 

soaked in disinfectant. 

2. Place paper towels soaked in disinfectant over the entire spill area. 

3. Allow at least 20-minute contact time with the disinfectant to ensure 

adequate germicidal action. 

4. Wipe down non-autoclavable materials with germicidal disinfectant. 

5. Place items designated as contaminated sharps in an appropriate 

infectious waste sharps container. Place other disposable materials 

used in the cleanup process in an autoclave bag and process as 

infectious waste. 

6. Place contaminated re-usable items in biohazard bags, autoclavable 

pans with lids or wrap them in newspaper. Sterilize, preferably by 

autoclaving, then clean for re-use. Remove protective clothing 

used during cleanup then place in a biohazard bag for autoclaving. 

7. Wash hands after gloves are removed. 

 Notify Principal Investigator, the biosafety officer, (358-5975, 

sstoehr@fandm.edu) and EHS (291- 4153).  
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4. Spill Inside a Centrifuge 
 The potential for laboratory-acquired infections from a single centrifuge accident 

is great. Aerosols are created when fluid escapes from the rotor or cup while the 

centrifuge is operating at high speed. All opening of centrifuges must be performed 

slowly. 

Unsealed buckets: 

 If a centrifuge tube breaks while the centrifuge is running, turn off motor. 

Allow the machine to be at rest for 30 minutes before opening. If breakage 

is discovered after the machine has stopped, re-close the lid immediately 

& allow the unit to be at rest for 30 minutes. 

 Unplug centrifuge before initiating clean up. 

 Don strong, thick rubber gloves & other PPE before proceeding with clean 

up. 

 Flood centrifuge bowl with a germicidal disinfectant. Place paper towels 

soaked in a disinfectant over the entire spill area. Allow 20 minutes 

contact time. 

 Use mechanical means (such as forceps) to remove broken tubes & glass 

fragments. Place them in a sharps container for autoclaving & disposal as 

infectious waste. 

 Remove buckets, trunnions & rotor then place in disinfectant for 24 hours 

or autoclave. 

 Unbroken, capped tubes may be placed in disinfectant & recovered after 

20 minutes contact time or autoclaved. 

 Use mechanical means to remove remaining disinfectant soaked materials 

from centrifuge bowl & discard as infectious waste. 

 Place paper towels soaked in a disinfectant in the centrifuge bowl & allow 

it to soak overnight, wipe down again with disinfectant, wash with water 

& dry. Discard disinfectant soaked materials as infectious waste. 

 Remove protective clothing used during cleanup & place in a biohazard 

bag for autoclaving. Wash hands whenever gloves are removed. 

 Notify Principal Investigator, the biosafety officer, (358-4600, dfrielle 

@famdn.edu) and EHS (291- 4153, dfreeman@fandm.edu).  

 For extensive BL2 contamination, the Biosafety Office or EHS must be 

notified and will in conjunction with the PI, clear the laboratory for re-

entry. 

 

Sealed buckets (safety cups): 

 If breakage is suspected, remove the sealed bucket to a biological safety 

cabinet before opening. 

 If breakage occurred, replace the cap on the safety cup loosely and 

autoclave. 

 Notify Principal Investigator, the biosafety officer, (358-5975, 

sstoehr@fandm.edu) and EHS (291- 4153).  
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Chapter 8 Accidents and Exposures 
 

A. Route of Exposure 

 In order for biological agents to cause disease, they must first enter or invade the 

body in sufficient numbers to establish an infection. Routes of entry include mucous 

membrane (mouth, nose eyes), ingestion, inhalation, percutaneous (needlesticks, 

exposure to non-intact skin and animal bites and scratches), and direct contact (Table 7). 

Once inside the body, infectious agents must meet other requirements to cause disease; 

they must colonize and establish infection in tissues and overcome the body’s natural 

defense mechanisms.  

 It is usually not possible to determine a minimum infectious dose when discussing 

biohazards. E. coli O157:H7 and Shigella are believed to be able to cause disease at a 

dose of 10-50 organisms. Salmonella and Vibrio cholera are only able to cause disease 

when the infectious dose is 105 to 106 organisms. 

 The same dose of a pathogen may produce no disease symptoms in one individual 

but may cause serious or even fatal disease in another. Factors that contribute to an 

individual’s susceptibility to the disease process include their general health, age, 

immunological state, physical and geographic environment and predisposing conditions 

(such as alcoholism and other drug abuse, pregnancy and diseases such as diabetes). 

 

B. Exposure Incident 

 An "exposure incident" is a specific contact (eye, mouth, other mucous 

membrane, respiratory tract via inhalation, non-intact skin, or parenteral) with potentially 

infectious materials. An employee or student who sustains a known or potential exposure 

incident should remove their gloves and immediately treat the affected area as described 

below. After this initial first aid, the exposure should be evaluated and reported as 

described in Sections C –E. 

 Percutaneous Injury - Needlesticks/puncture wounds or exposure to non-intact 

skin (rash, acne, abrasion, etc.) 

Immediately wash the affected area with antiseptic soap and warm water for at 

least 15 minutes. There is no evidence that using antiseptics for wound care or 

expressing fluid by squeezing the wound reduces the risk of infection. Harsh 

or caustic agents such as bleach should not be used. 

 Mucous membrane exposure  - eye, nose or mouth exposure 

Immediately flush the affected area for at least 15 minutes using an eyewash 

station. 

 Aerosol Exposure 
Hold your breath and immediately leave room. Remove personal  

protective equipment (PPE) carefully. When removing PPE make sure to  

turn the exposed areas inward. Wash hands well using soap and water.  

Post spill signs at lab entries; lab should be evacuated for at least 30  

minutes. PI must clear lab for re-entry. For extensive BSL2 contamination  

      (i.e. centrifuge incident), the Biosafety Office or EHS must be notified and will  

       in conjunction with the PI, clear the laboratory for re-entry.  
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Source: Adapted from the Yale Biosafety Manual, 2004 

 

 

 

 

 

 

 

 

Table 7. Routes of Exposure to Infectious Agents and Protection 
Route of Transmission Protection 

Mucous Membranes of the eye, nose or, mouth   

(splash, splatter, aerosol) 

Full-face shield or safety goggles and surgical 

mask, biosafety cabinet, protective shields, 

good microbiological practices 

 

Ingestion - Mouth pipetting, eating, drinking, 

smoking in the lab 

 

Mechanical pipettors, NEVER eat or drink in 

the lab 

Inhalation - Breathing in respirable sized 

aerosols (<5um), 

centrifuge leaks, spills, 

pipetting, etc. 

 

 

Biosafety cabinet, sealed rotors for centrifuges, 

HEPA filtered respirators, good 

microbiological practices 

Percutaneous - Through intact or non-intact skin 

via needlestick, puncture 

with contaminated sharp 

object, animal scratch or 

bite, through wounds, 

abrasions or eczema  

 

Substitute plastic for glass, use extreme 

precautions with sharps, dispose of glass and 

other sharps in “sharps containers”, cover non-

intact skin with water-proof bandages 

Contact - Via mucous membranes or non-intact 

skin from hands that have 

been in contact with a 

contaminated surface (i.e. 

benches, phones, computers, 

equipment handles) or 

by failure to wash 

hands after working 

 

 

Good personal hygiene (wash hands whenever 

gloves are removed or compromised, avoid 

touching your face with gloved hands), do not 

apply cosmetics or handle contact lenses in lab 

room, remove gloves and wash hands before 

touching light switches, door knobs, computer 

keyboards, cell phones, etc. 
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C. Reporting an Exposure Incident  
 Anyone who has experienced an exposure incident should report the incident to 

their PI and the Biosafety Office or EHS immediately after washing the exposure site as 

described in Section B. A Laboratory Incident and Accident Report Form must be 

completed following any laboratory accident or exposure. This form is found at the end 

of this Chapter, in the back pocket of the Biosafety Manual in every lab and at 

fandm.edu/biosafety.  

 Refer to Section 5 of the F&M Exposure Control Plan for procedures to be 

followed in the event of exposure to blood or OPIM. Depending on the nature of the 

potentially infectious material and the type of exposure, it may be necessary for the PI to 

complete a Blood and Body Fluid Exposure Form. This form must always be completed 

when a medical evaluation has been obtained. This form is available in the back pocket of 

the Biosafety Manual in every lab, at the end of this chapter, at fandm.edu/biosafety and 

in the Exposure Control Plan Appendix C (available at the EHS website). 

 When a medical evaluation is received, it may also be necessary to file the 

Accident and Injury form for Workman’s Compensation. The form, which must be filed 

with Human Resources within 24 hours of the accident or exposure. This form is 

available in the back pocket of the Biosafety Manual in every lab and at Workers' 

Compensation Notice (Summary) and Injury Reporting Requirements — Franklin & 

Marshall. 

 

D. Medical Evaluation of the Exposure 

An accidental exposure to a biohazardous material or agent, such as a pathogen or 

toxin, may require an evaluation by a medical practitioner. In some instances specific 

treatment or post-exposure prophylaxis may be available. Exposure to materials covered 

by the OSHA Bloodborne Pathogen Standard, such as potentially infected blood or 

human cell lines, also requires an immediate evaluation by a medical practitioner to 

assess the possibility of exposure to a bloodborne pathogen. Post-exposure prophylaxis 

may be available and, if indicated, should be started as soon as possible after exposure.  

Factors to consider in assessing the need for follow-up include the route and 

severity of the exposure, the type and amount of fluid or tissue, the infectious status of 

the source, and the susceptibility of the exposed person. (See Box 2 in the F&M 

Exposure Control Plan, on t page 18.). For example, a percutaneous injury from a needle 

or other sharp or exposure through contact with mucous membranes requires further 

evaluation. Skin exposure may require a follow-up only if skin integrity is compromised 

through an open wound or chapped or abraded skin.   

 When exposure is possible, there should be no delay in obtaining medical care.  

The exposure evaluation should be performed at Lancaster General Hospital (555 N. 

Duke St) or the Lancaster Regional Medical Center ER (250 College Ave.) to determine 

the significance of the exposure and to determine if immediate post-exposure prophylaxis 

(PEP) is required.  

In cases where a student is the exposed person, the Medical Director of Health 

Services (Student Health, 291-4082) should be notified as soon as possible to provide 

direction and advice on medical management. If Appel Health Center is not accessible, 

there should be no delay in obtaining medical care at either Lancaster General Hospital or 

the Lancaster Regional Medical Center ER. 

http://www.fandm.edu/biosafety/accident-and-exposure-forms
http://www.fandm.edu/biosafety/accident-and-exposure-forms
http://www.fandm.edu/ehs
http://www.fandm.edu/humanresources/article/workers-compensation-notice-summary-and-injury-reporting-requirements
http://www.fandm.edu/humanresources/article/workers-compensation-notice-summary-and-injury-reporting-requirements
http://www.fandm.edu/humanresources/article/workers-compensation-notice-summary-and-injury-reporting-requirements
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 The post-exposure evaluation and follow-up will be provided at no cost to 

laboratory workers who experience exposure incidents.  

 

E. Investigation of Laboratory Accidents 

 The Office of Environmental Health and Safety and the Biosafety Officer, in 

cooperation with the principal investigator, will conduct the necessary investigation of all 

laboratory incidents and accidents. The goal of the investigation is the prevention of 

similar accidents. 

 It is also important to report incidents and accidents (“near miss”) that do not 

result in an exposure. Evaluation of near misses can lead to alternative work practices and 

implementation of engineering controls to minimize future incidents. 
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Laboratory Incident and Accident Report Form 

 
This form should be completed whenever there is an accident or exposure incident in a BSL2 lab. 

The form may also be completed in the event of a “near miss” incident; the information may be 

useful in the modification of protocols so that “near miss” incidents and accidents are prevented. 

If a medical evaluation was received, then the Blood and Body Fluid Exposure form found in the 

Exposure Control Plan must also be completed. 

 

Exposure Details 

 
Name of exposed__________________________________________________  

 

Date, time and location of exposure____________________________________ 

 

Explain the circumstances that resulted in the incident or exposure. What job were you doing? 

 

 

 

 

Was the incident or exposure the result of: 

a splash________ 

a needlestick or puncture_______ 

an animal bite _________ 

 

Was a sharp device involved?  

If yes, explain what type of device, what material was in the device and what volume of material 

was involved. 

 

 

 

 

Severity of exposure or injury: 

 Percutaneous:    depth of injury______________________________ 

   was fluid injected?___________________________ 

 

 Skin or mucous membrane exposure: was the skin abraded/chapped or intact? 

 

 Bite: was blood drawn? 

 

 

Did you receive or decline a medical evaluation?  

 

 

 

 

Signature of student/employee _________________________________Date and time_________ 

 

 

Signature of PI or Research advisor_____________________________Date and time_________ 
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Chapter 9 Decontamination and Biohazard Waste Management 

 
A. Principles of Decontamination 

 Laboratory acquired infections and exposures are the result of either direct or 

indirect transmission of infectious agents from surfaces or equipment and through 

aerosols. Daily decontamination of surfaces and equipment is an important practice in 

biosafety. Frequent decontamination reduces the potential for transmission and, therefore, 

also reduces the rate of laboratory acquired infections. 

 Decontamination is a general term used to describe a process or treatment that is 

used to reduce or inactivate biological contaminants to an acceptable level so as to reduce 

or eliminate the possibility of transmitting pathogens. There are many processes that can 

be used to produce varying levels of decontamination. A decontamination procedure can 

range from simply cleaning with soap and water to remove some infectious agents to 

procedures that destroy all infectious agents. Sterilization, disinfection and antisepsis are 

types of decontamination that have differing effectiveness at eliminating infectious 

agents.  

Sterilization 

 The goal of a sterilization procedure is to destroy all microbial life, including 

highly resistant bacterial endospores and prions. Sterilization in the laboratory is 

accomplished most often by heat; the moist heat of an autoclave is particularly effective 

at eliminating infectious agents. Incineration of pathological and infectious waste is also 

commonly used. At F&M all solid biohazardous waste must sterilized by either autoclave 

treatment or incineration before disposal. 

Disinfection 

 Disinfection is a less complete process than sterilization; it results in the 

elimination of most pathogenic non-spore-forming microorganisms, but not necessarily 

all microbial forms, on inanimate objects (work surfaces, equipment, etc.). Bacterial 

endospores, Mycobacteria and some fungi are often resistant to commonly used chemical 

disinfectants. Disinfection of these more resistant organisms often requires higher 

concentrations and longer exposure times. Work surfaces, biosafety cabinets and 

equipment such as centrifuges should be disinfected daily and after each use. 

Antisepsis  

 Antisepsis is the application of a liquid antimicrobial chemical to skin or living 

tissue to inhibit or destroy microorganisms. Antiseptic agents are generally milder than 

disinfectants because they are used on living tissue. These agents are also generally much 

less effective at eliminating infectious agents, particularly endospores and Mycobacteria. 

Antiseptic agents are used to clean the injection site on an animal (alcohol or an 

iodophore) and for hand washing (detergents). 

 

Factors that Influence the Effectiveness of a Decontamination Procedure 

 The effectiveness of all types of decontamination is influenced by many factors 

including: 

 The sensitivity of infectious agents to disinfection and sterilization procedures 

varies; prions, organisms that form endospores and Mycobacteria are 

generally extremely resistant to decontamination efforts (Table 8). Enveloped 

viruses and vegetative bacteria cells tend to be relatively sensitive to 
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decontamination.  

 The number of infectious agents present is an important factor to consider 

when choosing a method of decontamination. The presence of large numbers 

of infectious agents requires a more stringent disinfection or sterilization 

process (higher concentration, longer treatment time) than that required for a 

lower concentration of infectious agents.   

 The presence of organic matter on the contaminated material also impacts the 

effectiveness of a decontamination procedure. The presence of higher amounts 

of organic material dictates a more stringent treatment.  

 The object to be decontaminated must also be considered when choosing a 

decontamination procedure; tissues may be sensitive to strong, caustic or 

irritating chemical disinfectants. Some types of plastic ware cannot withstand 

the high temperature of the autoclave. Porous surfaces and materials with a 

rough surface are more difficult to disinfect.  

 

 All of these factors must be considered in choosing a decontamination procedure 

for any situation. The choice of disinfectant and treatment conditions should be based on 

the infectious agents expected to be present and the characteristics of the material to be 

decontaminated. Chemical exposure time, temperature and concentration have to be 

adjusted to account for the nature of the contamination. Although disinfection is 

generally enough to prevent laboratory acquired infections, it is the general rule in 

laboratories to use sterilization methods to completely eliminate the risk of transmission. 

 

Table 8. Resistance of Infectious Agents to Germicidal Chemicals 

    MOST RESISTANT              

                               

     

    LEAST RESISTANT             

Prions 

 

 

Bacterial endospores (Bacillus spp, Clostridium 

spp.) 

 

 

Mycobacteria (M. tuberculosis) 

 

 

Non-lipid viruses (Poliovirus and Rhinovirus) 

 

 

Fungi (Candida spp., Cryptococcus spp.) 

 

 

Vegetative Bacteria (E. coli, Staphylococcus) 

 

 

Lipid viruses (Influenza, Herpes simplex, HIV) 

            Source: adapted from Biosafety in Microbiological and Biomedical Laboratories 

           (BMBL), fifth edition, Appendix B.  
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B. Methods of Decontamination 
 There are four main categories of physical and chemical means of 

decontamination. They are heat, chemical (liquid) disinfection, vapors and gases and 

radiation. Each category is discussed briefly below. 

 

Heat  

Moist heat - Autoclaving (saturated steam under pressure of approximately 15 

psi to achieve a chamber temperature of at least 1210C (or 250°F) for a prescribed time 

(usually 15 minutes to 2 hours depending on the volume and type of material) reliably 

and rapidly achieves destruction of microorganisms, decontaminates infectious waste and 

sterilizes laboratory glassware, media, and reagents.  

For efficient heat transfer, steam must flush the air out of the autoclave chamber. 

Prevention of entrapment of air is critical to achieving sterility. Material to be sterilized 

must come in contact with steam and heat.  Before using the autoclave, check the drain 

screen at the bottom of the chamber and clean it, if blocked. If the sieve is blocked with 

debris, a layer of air may form at the bottom of the autoclave, preventing efficient 

operation. 

 Large items, large volumes and items that are not easily penetrated by steam will 

require longer treatment times than the usually prescribed 15 minutes at 1210C, for 

example, a 2-liter flask containing 1 liter of liquid will require a longer autoclave time 

than four 500 ml flasks containing 250 ml each. 

 Recommended treatment times for some materials are suggested below: 

 Trash: 45 minutes per bag 

 Glassware: 25 minutes 

 Liquids: 25 minutes per gallon 

 Animals and bedding: autoclave treatment is not recommended:  

  incineration is the recommended treatment 

Chemical indicators, e.g. autoclave tape, must be used with each load placed in 

the autoclave. However, the use of autoclave tape alone is not an adequate monitor of 

efficacy. Autoclave sterility monitoring under conditions of full loading should be 

conducted on a regular basis (at least monthly) using appropriate biological indicators. 

There are many commercially available biological indicators with a choice of Bacillus 

stearothermophilus spore ampoules or spore strips with growth media. Carefully follow 

the manufacturer’s directions for correct use. The spores, which can survive 250°F for 5 

minutes but are killed at 250°F in 13 minutes, are more resistant to heat than most, 

thereby providing a safety margin when validating decontamination procedures. Each 

type of container employed should be spore tested because efficacy varies with the load, 

fluid volume, etc. A log of each test should be maintained, which includes the type of 

indicator used, date, time, and result of the test. If test results indicate that the autoclave is 

not sterilizing properly, the autoclave should not be used for waste until it has been 

repaired.  
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 All personnel using the autoclaves must be adequately trained by their PI or L. 

Norbeck (X4320). Different makes and models of autoclaves have unique characteristics. 

To ensure that infrequent users do not neglect proper operating techniques, autoclave 

operating instructions should be posted in close proximity to the autoclave. 

Recommended procedures for autoclaving are: 

 Be sure all containment vessels can withstand the temperature and pressure of the 

autoclave. Be sure to use autoclave safe bags, such as polypropylene. 

 Wear the appropriate clothing (long pants and close-toe shoes) and personal 

protective equipment (safety glasses, lab coat and heat-resistant gloves) when 

loading and unloading an autoclave. 

 Select the appropriate cycle: liquid cycle (slow exhaust) for fluids to prevent 

boiling over, dry cycle (fast exhaust) for glassware, fast and dry cycle for 

wrapped items. 

 Never place autoclave bags directly on the autoclave chamber floor. Place all bags 

containing waste in a secondary containment vessel to retain any leakage that 

might occur. The secondary containment vessel must be constructed of material 

that will not melt or distort during the autoclave process. (Polypropylene is a 

plastic capable of withstanding autoclaving but is resistant to heat transfer. 

Materials contained in a polypropylene pan will take longer to autoclave than the 

same material in a stainless steel pan.) 

 Never place sealed bags or containers in the autoclave. Polypropylene bags are 

impermeable to steam and should not be twisted and taped shut. Position 

autoclave bags with the neck of the bag taped loosely and leave space between 

items in the autoclave bag to allow steam penetration. Adding water to each bag 

before autoclaving will allow steam to be produced inside the bag as well.  

 Fill liquid containers only (less than) half full; loosen caps or use vented closures. 

 For materials with a high insulating capacity (animal bedding, saturated 

absorbent, etc.) increase the time needed for the load to reach sterilizing 

temperatures. 

 Never autoclave items containing solvents, volatile or corrosive chemicals. Never 

autoclave materials containing acrylamide. 

 Removing autoclave loads: 

 Always make sure that the pressure of the autoclave chamber is at zero 

before opening the door. Stand behind the autoclave door and slowly open it 

to allow the steam to gradually escape from the autoclave chamber after 

cycle completion.  

 Wait at least 30 seconds after opening the door before reaching in or looking 

into the autoclave. 

 Allow liquid materials inside the autoclave to cool down for 15-20 minutes 

prior to their removal. Remove solutions from the autoclave slowly and 

gently; some solutions can boil over when moved or when exposed to room 

temperature. Heat resistant gloves, safety goggles or face shield and a rubber 

apron must be worn when removing hot liquids from the autoclave. Liquids 

should stand for over 1 hour before being handled without heat resistant 

gloves. 

 Dispose of all autoclaved waste through the infectious waste stream. 
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 Dry heat methods to achieve sterilization are not as practical or reliable as the 

autoclave. Dry heat sterilization requires high temperatures (160-1700C) and long 

treatment times (2-4 hours). Dry heat is less penetrating than moist heat; dry heat may be 

used to sterilize impermeable surfaces such as glass. Dry heat is not effective in the 

presence of even shallow layers of organic material. Dry heat sterilizers should be 

monitored on a regular basis using appropriate biological indicators. 

Incineration is another use of heat for decontamination. At F&M, biohazardous 

waste (from BSL1 and BSL2 labs) in biohazard bags may be stored in bag/box systems in 

LSP045, without being autoclaved, until pick up by the infectious waste vendor 

(Stericycle). The vendor will decontaminate the waste by incineration. Incineration serves 

as an efficient means of disposal for human and animal pathological wastes; these should 

be stored frozen until pick up by the vendor. 

 

Chemical (Liquid) disinfection 

The most practical use of liquid disinfectants is for surface decontamination and, 

when used in sufficient concentration, as a decontaminant for small volumes of liquid 

waste prior to final disposal in the sanitary sewer.  

The BMBL (5th edition, Appendix B) describes disinfectants as being high, 

intermediate or low level depending on their effectiveness against various categories of 

infectious agents, such as spores and Mycobacteria (Table 9). These descriptions may be 

useful when choosing a chemical disinfectant.   

 

Table 9. Levels of Chemical Disinfection 

Level Level Definition 

High High-level disinfection kills vegetative microorganisms and inactivates viruses, 

but not necessarily high numbers of bacterial spores. Such disinfectants are 

capable of sterilization when the contact time is relatively long (e.g., 6 to 10 

hours). As high-level disinfectants, they are used for relatively short periods of 

time (e.g., 10 to 30 minutes). They are formulated for use on medical devices, 

but not on environmental surfaces such as laboratory benches. 

Intermediate Intermediate-level disinfection kills vegetative microorganisms, including 

Mycobacterium tuberculosis, all fungi, and inactivates most viruses. They are 

used commonly for disinfection of laboratory benches and as part of detergent 

germicides used for housekeeping purposes. 

Low Low-level disinfection kills most vegetative bacteria except M. tuberculosis, 

some fungi, and inactivates some viruses. 

Source: adapted from Biosafety in Microbiological and Biomedical Laboratories (BMBL), fifth 

edition, Appendix B.  

 

Commercially available disinfectants are registered with the Environmental 

Protection Agency and cleared by the Food and Drug Administration. Lists of registered 

and approved disinfectants are available online: 

 Selected EPA Registered Disinfectants 

 FDA Cleared Sterilants and High-Level Disinfectants 

 

 

http://www.epa.gov/oppad001/chemregindex.htm
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/ReprocessingofSingle-UseDevices/ucm133514
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When choosing a disinfectant, consider the information provided by the 

manufacturer and use the product as directed to ensure effective decontamination. No 

liquid disinfectant is equally useful or effective under all conditions and for all infectious 

agents. In general, the more active a compound is, the more likely it is to have 

undesirable characteristics such as corrosivity and toxicity to humans and animals. 

The OSHA Bloodborne Pathogens Standard requires that work surfaces 

contaminated with BBP material must be cleaned with an “appropriate disinfectant.” 

Appropriate disinfectants include household bleach diluted to concentrations ranging 

from 1% (i.e., 1:100) to 10% (i.e., 1:10) in water and certain other disinfectants registered 

by the EPA or FDA.  

 

Types of Disinfectants 

Chemical disinfectants are available under a wide variety of trade names. In 

general, these can be classified as: halogens (such as bleach and iodophores), alkalis, 

heavy metal salts, quaternary ammonium compounds, phenolic compounds, and alcohols 

(Table 10).  

 

Soaps and Detergents, including quaternary ammonium compounds or quats 

 Soaps and detergents are surfactants (surface active agents) that are organic 

compounds that increase the solubility of lipids in water and increase the ability of water 

solutions to wet lipid surfaces (like the surface of a bacterial cell or an enveloped virus).  

 Soaps are alkaline and may harm bacteria that are sensitive to high pH. However, 

it is believed that soaps and hand washing are effective as disinfectants only because 

pathogens are physically removed from the skin during hand washing and drying. 

Detergents are surfactants that may be charged (cationic and anionic). The 

quaternary ammonium compounds or quats are commonly used and effective cationic 

detergents. They are effective for low-level disinfection and cleaning. They are most 

effective against Gram-positive organisms and lipid containing viruses. They are 

generally non-irritating, non-toxic, inexpensive and stable on storage. 

  

Halogens 

 Chlorine and iodine are the most commonly used halogen disinfectants.  

 Chlorine 

 Diluted household bleach is one of the most common and effective disinfectants 

used in the laboratory. The active ingredient in household bleach is sodium hypochlorite, 

(NaOCl); household bleach contains 5.25% NaOCl (52,000 ppm). Dilutions of 1/00 or 

1% (500 ppm) are effective against most vegetative bacteria and viruses. Sporocidal 

activity is achieved at 5-10% (2500-5000 ppm). Household bleach, then, is an 

inexpensive and broad-spectrum disinfectant when used at a 1/10 dilution (10%). 

 Diluted sodium hypochlorite decays upon storage. After 1 month of storage, the 

concentration of NaOCl may be reduced by 50%.  Diluted bleach should be stored in 

bottles labeled with the date of the dilution and replaced frequently - at least monthly - to 

ensure effectiveness.  

 Bleach is corrosive and should not be used on stainless steel surfaces unless 

washed off immediately. 
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 Bleach (1% or 500 ppm NaOCl) may be routinely used to disinfect work surfaces 

and equipment.   Bleach is also recommended for use during the clean up of spills and to 

disinfect liquid waste before drain disposal. Bleach should be added to the liquid to be 

contaminated until a concentration of 10%, or 5000 ppm NaOCl, is achieved. Bleach 

should remain in contact with the contaminated liquid for at least 20 minutes to allow 

germicidal activity. (Chapter 7) 

 

Iodine 

 Iodophores are disinfectants that contain iodine complexed with a solubilizing 

agent such as a surfactant or povidone (a water soluble polyvinyl polymer). Disinfectants 

containing iodine are anti-microbial at 70-150 ppm total iodine. Iodophores are 

characterized as being rapidly germicidal against a broad spectrum of agents, but not 

spores. They are stable and nontoxic. Because they are not corrosive, iodophores are 

useful in decontamination of equipment, particularly biosafety cabinets. Wescodyne is a 

commercially available iodophore that is commonly used to disinfect biosafety cabinets 

and equipment. Iodophores such as Betadine are useful as antiseptics.  

 

Alcohols 

 Ethyl and isopropyl alcohols at 70% are effective general use disinfectants. 

Concentrations above 70% are generally less effective. Alcohols are effective against a 

broad spectrum of infectious agents but are less effective against non-lipid viruses and 

are not sporocidal. Alcohols are volatile and therefore cannot be used when extended 

contact time is required for decontamination. The OSHA Bloodborne Pathogens Standard 

does not recognize alcohol as an effective decontaminant for surfaces. Alcohols should 

not be used to disinfect biosafety cabinets; the alcohol evaporates too quickly to be 

effective as a disinfectant. 

 

Phenolics 

 Many commercially available household disinfectants contain phenol or phenol 

derivatives (phenolics). These disinfectants are effective against a broad spectrum of 

infectious agents but are not sporocidal and have limited effectiveness against non-lipid 

viruses. They are stable and effective in the presence of organic material. Although 

phenolics are used in some antiseptic products, some can cause irritation on the skin and 

eyes. Some Lysol© brand products contain phenolics. Triclosan© is a phenolic that is 

present in many commercial products such as anti-bacterial hand wash and kitchen 

utensils. It is also used in some products that contain Microban©. 
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Table 10. Commonly Used Chemical Disinfectants 

Procedure/Product Recommended Concentration Effectiveness as a 

Germicide 

Hydrogen peroxide (H2O2) 3-6% High to intermediate 

Chlorine compounds1 500-5000mg/L available chlorine Intermediate 

Alcohols (ethyl, isopropyl)2 70% Intermediate 

Phenolic compounds 0.5-3% Intermediate to low 

Iodophore compounds 0.1-0.2% available iodine Intermediate to low 

Quaternary ammonium 

compounds (detergents) 

 Low 

Source: adapted from Biosafety in Microbiological and Biomedical Laboratories (BMBL), fifth 

edition, Appendix B.  
1Household bleach is an inexpensive and effective disinfectant when used at a 1/10 dilution 

(10%). Diluted bleach should be stored in bottles labeled with the date of the dilution and 

replaced monthly. Bleach is corrosive and should not be used on stainless steel surfaces unless 

washed off immediately. 
2 Alcohols are of limited value because they evaporate rapidly: alcohols should not be used to 

disinfect biosafety cabinets.  

 
Vapors and Gases  
 A variety of vapors and gases possess decontamination properties. Vapors and 

gases are primarily used to decontaminate biological safety cabinets and associated 

systems, bulky or stationary equipment not suited to liquid disinfectants, instruments or 

optics which might be damaged by other decontamination methods, and rooms, buildings 

and air- handling systems. Agents included in this category are glutaraldehyde and 

formaldehyde vapor, ethylene oxide gas, chlorine dioxide and hydrogen peroxide vapor. 

When used in closed systems and under controlled conditions of temperature and 

humidity, excellent disinfection can be obtained. Great care must be taken during use 

because of the hazardous nature of many of these compounds.  

 Formaldehyde vapor is commonly used to achieve disinfection of biosafety 

cabinets; it must be used under very carefully controlled conditions to be effective and to 

prevent exposure to it. Formaldehyde is a potential occupational carcinogen; there are no 

FDA approved liquid disinfectants that contain formaldehyde. 

 

Radiation 

Although ionizing radiation will destroy microorganisms, it is not a practical tool 

for laboratory use. Non-ionizing radiation in the form of ultraviolet radiation (UV, 100-

400 nm) may be used for inactivating viruses, bacteria and fungi. It will destroy airborne 

microorganisms and inactivate microorganisms on exposed surfaces or in the presence of 

unstable materials that cannot be treated by conventional means such as disinfectants or 

heat.  

 Because of the low penetrating power of UV radiation, microorganisms inside 

dust or soil particles will be protected from its action, limiting its usefulness. UV 

radiation is used in air locks, animal holding areas, ventilated cabinets and laboratory 

rooms to reduce levels of airborne microorganisms and maintain good air hygiene.  
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 Because UV radiation can cause burns to the eyes and skin of people exposed for 

even a short period of time, proper shielding should be maintained when it is in use. UV 

lamps that are used for space decontamination should be interlocked with the general 

room or cabinet illumination, so that turning on the lights extinguishes the UV. If UV 

must be used, it should be used when areas are not occupied.  

  UV lamps are not recommended for decontamination unless they are properly 

maintained. Because UV lamp intensity decreases with time, it should be checked with a 

UV meter every 6 months. Frequent cleaning (every few weeks) of the bulb with alcohol 

and water is also required. 

  Decontamination using UV is not recommended for biosafety cabinets because of 

the limitations discussed above and because it is harmful to human tissue. Other means of 

decontamination, such as the use of iodophores, are suggested for biosafety cabinets. 

 

C. Biohazardous Waste Management 

 Biohazardous waste includes all materials contaminated or potentially 

contaminated during the manipulation or cleanup of material generated during research 

and/or teaching activities performed at BSL1 or BSL2, including animal and plant BSL1 

or BSL2. 

 

Handling Biohazardous Waste 

The primary responsibility for identifying and disposing of infectious material 

rests with principal investigators; this responsibility cannot be shifted to inexperienced or 

untrained personnel. Potentially infectious and/or biohazardous waste must be separated 

from general waste at the point of generation (i.e., the point at which the material 

becomes a waste); infectious waste must be placed into appropriate infectious waste 

containers as described below.  

It is the policy at F&M that pipette tips, pipettes, Petri dishes or any other 

scientific lab ware should never be placed into the municipal trash stream. Even if these 

types of lab ware are not contaminated with biohazardous material, they should be 

disposed of in biohazard-labeled bags and processed as biohazardous waste. Gloves, 

whether they are contaminated with biohazardous material or not, should be treated as 

biohazardous waste. Gloves contaminated with chemicals should, obviously, be treated as 

chemical waste.     

Biohazardous waste in bags marked with the biohazard symbol should never be 

placed into the municipal trash, even if the materials have been sterilized by autoclaving. 

All biohazardous waste bags and containers should be placed into /boxes lined with 

biohazard-labeled plastic bags (the bag/box system provided by the medical waste 

disposal vendor) system for incineration and disposal by the medical waste disposal 

vendor.  

 

 

 

 

 

 

 

Commented [PAFٯЀ뿿 Would it be worthwhile to 

have a one- or two-sentence description of the bag/box 

system? 
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Categories of Bohazardous waste 

 Solid waste 

 Cultures and stocks of infectious agents and associated biological 

materials 

 Lab ware including potentially contaminated gloves, plates used to grow 

bacterial or viral cultures, tissue culture dishes, pipettes, pipette tips, and 

devices used to transfer, inoculate and mix cultures  

 Human blood products, tissue samples and other potentially infectious 

materials (OPIM), including human cell lines 

 Waste generated during the growth and use of transgenic plants, including 

the plants, soil and seeds 

 Used sharps: syringes (with or without the attached needle), Pasteur pipettes, 

razor or scalpel blades, microscope slides, cover slips and other broken or 

unbroken glass or sharp- edged pieces of plastic ware that have been in 

contact with potentially biohazardous materials. Plastic pipette tips may be 

treated as sharps also. 

 Pathological waste 

 Carosafe preserved and unpreserved animal carcasses and animal tissues 

(Tissues preserved with formaldehyde must be disposed of as chemical 

waste.) 

 Drosophila  

 Liquid waste 

 Media used to propagate any eukaryotic or prokaryotic cells (including 

human cells, bacteria, and yeast), viruses or vectors. 

 Human blood, blood products 

 

Disposal of Used Sharps    

 Used sharps, including syringes with or without 

needles, razor blades, scalpel blades, all microscope 

slides (even those that have been fixed and stained), 

coverslips, inoculating loops, glass Pasteur pipettes and 

contaminated pieces of broken glass, must be segregated 

into designated sharps containers. Sharps containers may 

also be used, at the discretion of the PI, for the disposal of 

other small pieces of lab ware that are not usually considered “sharps”, but that have the 

potential to puncture the waste bag. This would commonly include items such as plastic 

pipette tips and pieces of sharp-edged plasticware. Do not dispose of other trash, such as 

Kim wipes, microfuge tubes and small bottles, in the designated sharps containers. 

 Sharps containers are available in the storage room, LSP284. Sharps containers 

must be non-breakable, leak proof, impervious to moisture, rigid, tightly lidded, puncture 

resistant, red and marked with the universal biohazard symbol. Sharps containers may be 

used until ⅔ full, at which time they should be closed and placed into a bag/box system 

provided by the medical waste disposal vendor and held for pick-up and incineration.   
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Waxed cardboard containers, such as the Whitney Bench-Top 

Keeper, may also be used to collect some types of lab ware that may 

puncture biohazard bags but are not usually considered as sharps, 

such as plastic pipette tips and microscope slides. These containers 

are not guaranteed to be leak proof and puncture proof and so cannot 

be used for the collection of sharps such as syringes and razor blades. 

As with sharps containers, care should be taken to not overfill these 

containers. The flaps must be able to close correctly to contain the 

waste. Full containers may be placed into biohazardous waste bags 

for disposal. Do not use these containers to dispose of non-sharps such as Kim-wipes, 

paper towels, markers, and plastic microfuge tubes. These items should be placed directly 

into the bag-lined biohazardous waste cans. These containers are available in LSP314. 

 

Disposal of Solid Biohazardous Waste  

 Solid biohazardous wastes, such as sharps containers, culture dishes and flasks, 

Petri dishes, contaminated gloves, pipette tips and pipettes must be disposed of in 

biohazard-labeled waste containers that are lined with biohazard-labeled bags. Although 

plastic pipette tips may be disposed of as sharps, tips may also be disposed of through the 

solid biohazard waste stream. Do not dispose of non-contaminated trash in the biohazard 

waste containers. This waste is collected for incineration and disposal on a per bag fee.  

 If the biohazard bags are not over-filled, plastic pipettes should not puncture the 

bags and may be disposed of this way. Some labs may find it convenient to have a 

separate solid biohazard waste container designated specifically for plastic pipettes. For 

example, pipettes used in BSL2 labs for tissue culture work may be placed in biohazard 

bags in containers specifically designated for pipettes to segregate them from other solid 

tissue culture waste.  

 Biohazard collection containers must be durable, leak-proof, labeled with a 

biohazard label and lined with bags marked with the biohazard symbol. Do not overfill 

the bags or containers; they may be used until they are ⅔ full, at which time they should 

be placed into a bag/box system provided by the medical waste disposal vendor and held 

for pick up and incineration. Biohazardous waste in BSL2 labs should be marked “BSL2” 

and may be decontaminated by autoclaving before being placed into a bag/box system for 

infectious waste provided by the medical waste disposal vendor. Whether or not to 

autoclave waste generated by BSL2 labs is at the discretion of the PI and the technical 

staff. For example, while general BSL2 lab waste need not be routinely autoclaved, waste 

is odorous or particularly hazardous may be autoclaved and then stored for pick up by 

the medical waste disposal vendor. 
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Transgenic Plant waste 

 Transgenic plant waste, including transgenic plants, soil and seeds should be 

segregated rom the municipal trash stream and be placed into clear, unlabeled autoclave 

bags lining a rigid container. After sterilization by autoclaving, this material may be 

disposed of in the municipal trash stream. 

 
Disposal of Liquid Biohazardous Waste 
 Liquid waste, such as tissue culture media, human blood or body fluids, and 

bacterial growth media, may be decontaminated in either of two ways. First, a volume of 

household bleach or other disinfectant, that has been demonstrated to be effective, may 

be added so the final concentration is sufficient to act as a germicide. For bleach, a 

volume of concentrated bleach should be added to achieve a 10% concentration for 

disinfection. After treatment with disinfectant for at least 20 minutes, the treated material 

may be flushed down the sink drain. The empty container may be washed and recycled 

(see Recycling, below), discarded as solid biohazard waste, or autoclaved and washed for 

reuse. 

 Alternatively, biohazardous liquid waste (that does not contain any hazardous 

chemicals) may be decontaminated by autoclaving. After autoclaving, the liquid waste 

can be flushed down the drain. The empty container may be washed and recycled (see 

Recycling, below), discarded as solid biohazard waste, or washed for reuse. 

 There are several conditions under which sterilized tissue culture and 

microbiological media should not be disposed of by flushing down the sink drain. Any 

medium that contains hazardous chemicals, such as azide, should be treated a chemical 

waste after sterilization. In addition, media that contains dyes, such as pH indicators, 

should be treated as chemical waste after sterilization (see the Chemical Waste Disposal 

Guide being developed).  

Unused, non-infectious culture media, which has not been exposed to infectious 

agents, may be flushed down the drain unless it contains hazardous chemicals or dyes; in 

these cases, it should be treated as chemical waste. 
 

Pathological waste and Drosophila  
 Human and animal tissues, animal carcasses, whether or not they have been 

infected with BSL1 or BSL2 agents, and transgenic animals must be stored frozen and 

then, on the scheduled pick-up day, placed into a bag/box system for infectious waste 

provided by the medical waste disposal vendor. 

 Animal carcasses treated with preservatives that are not formaldehyde based, such 

as Carosafe, may be held in a freezer and placed into a bag/box system for infectious 

waste provided by the medical waste disposal vendor on the day of pick up. Animal 

carcasses preserved in formaldehyde-containing preservative must be treated as chemical 

hazard waste and managed by the chemical waste vendor (contact EHS at X4153 or 

dfreeman@fandm.edu). 

 Several methods for the disposal of Drosophila are acceptable. Drosophila may 

be autoclaved and then discarded as municipal waste. Alternatively, fruit flies, bottles and 

food vials may be place in a standard plastic trash bag that lines a biohazard-labeled 

waste container. When full, trash bags containing discarded bottles and vials will be  
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placed in a freezer at 20°C for a minimum of 48 hours. After freezing, trash bags may be 

discarded as regular trash. It is crucial to determine that the fruit flies have been 

euthanized by freezing before disposal. Drosophila may also be placed into 95% 

isopropanol. Before disposal of the alcohol as chemical waste, the fruit flies should be 

filtered out using cheesecloth and discarded as municipal waste. 

 

Storage 

Infectious waste and contaminated material must not be allowed to accumulate in 

labs; when the waste bag or container is 2/3 full, it should be closed and moved to the 

waste storage area in the basement. If storage of contaminated material in the lab is 

necessary, it must be done in a rigid container away from general traffic and labeled 

appropriately 

 

Recycling 

Plastics that have a recycling number1-7, such as plastic tip boxes and reagent bottles, 

that are not considered chemical waste, have been decontaminated (by autoclave) and 

washed may be recycled in the F&M recycling bins located in the hallways. 
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Chapter 10 Research Registration with the IBC  
 

 The Biosafety Officer and the Institutional Biosafety Committee (IBC) have been 

charged with the review, approval, and maintenance of documentation on all research and 

teaching protocols involving infectious agents, recombinant DNA and other potentially 

hazardous biological materials that are or may be used in research and teaching at F&M 

College.  

 All research involving infectious agents, recombinant DNA and other potentially 

hazardous materials must be registered, regardless of the source of funding or mandated 

inspections by the funding agency. Protocols classified as either Biosafety Level 1 

(BSL1) or Biosafety Level 2 (BSL2) must be registered.  

 Experiments involving the following agents and materials must be registered: 

 Recombinant DNA molecules, including plasmid and viral vectors 

 Naturally occurring or engineered microorganisms that may cause disease in 

humans, animals or plants, including those considered low risk to healthy 

humans. Potentially infectious pathogens and that require Biosafety Level 1 

(BSL1) practices and containment are included. 

 Materials potentially containing human pathogens (e.g. unfixed human 

specimens, human blood, blood components, tissues) 

 Human or mammalian (including non-human primate) cell lines, including 

well-established cell lines, human embryonic stem cells, and pluripotent cells 

and their derivatives. 

 Toxins derived from plants, animals or microorganisms that will have adverse 

effects in humans or animals.  

 Select Agents - those agents and toxins that have been determined by the 

federal government to have the potential to pose a severe threat to public health 

and safety and are under special restrictions as defined by the CDC and the 

USDA. 

   The use and de novo generation of transgenic plants and animals (using 

recombinant DNA technology to add foreign DNA or subtract a portion of the 

organism's genome) 

 The use of carcinogens 
 

 All Principle Investigators are required to register their research with the 

Biosafety Officer and the IBC. Research may be registered using either the BSL1 
Biosafety Review form or the BSL2 Biosafety Review form (formerly called the 
Research registration form). These forms are available on the Biosafety website 

(fandm.edu/biosafety). A FAQ document is also available on the website that answers 

many common questions about the requirements for research registration.  

 

Registration, Update and Annual Renewal of BSL1 Research Protocols 

 The BSL1 Biosafety Review form is the “short” form; it should be used to register 

2 types of protocols. First, the Biosafety Review form should be used for research that 

does not involve any infectious agents, recombinant DNA or any other potentially 

biohazardous material. This type of research only needs to be registered one time, unless 

http://www.selectagents.gov/
http://www.selectagents.gov/
http://www.fandm.edu/biosafety
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the research changes so that it does involve infectious agents, rDNA or other potentially 

biohazardous materials. 

 The BSL1 Biosafety Review form should also be used to register protocols 

involving microorganisms and materials, such as E. coli K12, Saccharomyces, and many 

plasmid vectors. This form may be used for any research that is classified as “exempt” by 

the NIH Guidelines (Section IIIF). The principle investigator and the Biosafety Officer 

can make the determination of the exempt status of the work; review and approval by the 

IBC is not required. However, the BSO and the IBC reserve the right to determine that 

review and approval is appropriate, depending on the materials and agents being used. 

This research requires Biosafety Level 1 containment; The BSO will conduct periodic 

reviews of labs designated as BSL1 labs. The form must be updated and filed annually.  

 

Registration, Update and Annual Renewal of BSL2 Research Protocols 

 Research that involves the use of BSL2 practices and containment must be 

registered using the BSL2 Biosafety Review form (also called the Research Registration 

form) - the “long form”. Review and approval of the research registration by the IBC is 

required for BSL2 labs. The BSO will conduct periodic reviews of labs designated as 

BSL2 labs. 

 IBC approval of a research registration covers only the recombinant DNA 

activities and biological materials listed on the document. The research registration must 

be updated to add or remove biohazardous agents or materials whenever protocols are 

added or changes are made to research protocols. The Research Registration 

Revision/Renewal form (available on the Biosafety website) is used for such updates. 

When changes are not considered to be substantial, the Biosafety Officer can approve the 

revisions without IBC review. A new registration for IBC review must be submitted if the 

research project involves a substantial change to the currently approved protocol.  

 Research registrations for BSL2 labs must be renewed annually using the 

Research Registration Revision/Renewal form. An abbreviated form that can be used 

when there are no changes or updates to be reported is also available. 

 A BSL2 research registration can be renewed twice; BSL2 research registrations 

must be resubmitted for IBC review and approval every three (3) years. Submission of 

the revision form or annual update does not change the approval date or postpone the 

resubmission date.  

 

  

  

http://oba.od.nih.gov/rdna/nih_guidelines_oba.html
http://www.fandm.edu/biosafety
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Chapter 11 Biosafety Training Courses 
 

 Compliance with the OSHA Bloodborne Pathogen Standard and the NIH 

Guidelines may require that laboratory personnel receive initial training; some types of 

training also require annual renewal. It is the PI’s responsibility to ensure that lab 

personnel receive the appropriate training for their research. The Biosafety Officer will 

assist with updates and reminders about training and maintain training records. 

 

Biosafety Level 2 Training 

 All researchers and students who are working in Biosafety Level 2 labs must 

receive BSL2 Training. This includes both students who are working in labs for course 

credit and those who are employed as student workers. All personnel working in a BSL2 

lab must undergo BSL2 training, even if their individual work does not involve BSL2 

agents. 

 All researchers and students working with risk group 2 infectious agents, rDNA 

or human tissues, blood, and cells and those working in BSL2 labs must also receive 

hands on training in the specific procedures that will be utilized for their experiments. It 

is the responsibility of the PI to provide this training before work begins. 

The Biosafety Officer will provide BSL2 training opportunities at the start of each 

academic semester, at the beginning of the summer and as needed by request. Training is 

available in scheduled seminar type setting for larger groups, as a one-on-one session (by 

appointment) and as self-study on the Biosafety website (fandm,edu/biosafety). If the 

self-study training is completed, an on-line exam must be taken. Contact the Biosafety 

Officer for additional information about on-line training. 

Biosafety Level 2 training must be completed once and does not have to be 

repeated annually. 

 

 Bloodborne Pathogen Training  

 The Occupational Safety and Health Administration (OSHA) created the 

Occupational Exposure to Bloodborne Pathogens Standard, 29 CFR Part 1910.1030 

(Bloodborne Pathogens Standard) to minimize or eliminate exposure to infectious agents 

that may be present in human blood, tissues or certain body fluids and in other potentially 

infectious material (OPIM) (Table 4). OPIM includes: 

 Human cell or tissue cultures 

 Any unfixed tissue or organ, other than intact skin, from a human being 

 Organ cultures   

 HIV- or HBV- containing culture media or other solutions   

 Blood, organs or other tissues from experimental animals infected with  

      HIV or HBV or other bloodborne pathogens 

 Human body fluids, except urine, feces, saliva or tears unless visibly  

      contaminated with blood 

 

 An employee or an F&M student is considered occupationally exposed if there is 

“reasonably anticipated skin, eye, mucous membrane, or parenteral contact with human 

blood or other potentially infectious materials in the performance of an employee’s 

duties.” An individual is also considered occupationally exposed even if they do not have 
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direct contact with blood or other potentially infectious material, if the employee uses 

equipment that is used to process or store blood, other potentially infectious materials or 

bloodborne pathogens. This requires that everyone working in a lab that uses or stores 

human blood or other potentially infectious material receive Bloodborne Pathogen 

training whether or not a particular individual is working with the potentially infectious 

material. 

  The OSHA standard also requires that individuals with occupational exposure are 

offered the Hepatitis B vaccine at no cost. Student health records maintained at Appel 

Health will be used to confirm the immunization status of students. Immunization status 

of non-student employees will be maintained by the Human Resources office. 

 Employees who choose to refuse the vaccine must sign the Hepatitis B Vaccine 

Declination Form indicating their choice to decline. An individual, who has declined, 

may receive the vaccine at a later date. Students who decline the vaccine may not work in 

labs where materials covered by the OSHA Bloodborne standard (including human cell 

lines) are present until the IBC reviews the reasons for their declination and gives 

approval. Information on the immunization procedure and declination will be available 

during Bloodborne Pathogen training. 

The Biosafety Officer will provide Bloodborne Pathogen training opportunities at 

the start of each academic semester, at the beginning of the summer and as needed by 

request. Training is available in scheduled seminar type setting for larger groups, as a 

one-on-one session (by appointment) and as self-study on the Biosafety website 

(fandm.edu/biosafety). If the training is completed on the website, an on-line exam must 

be taken. Contact the Biosafety Officer for additional information about on-line training. 

OSHA requires that the Bloodborne Pathogen training must be completed 

annually. 

 

Biosafety Level 1 Training 

 Biosfety Level 1 training is also available to students and employees who are 

working in BSL1 research labs or lab courses that involve the use of BSL1 agents. This 

training is not mandatory, but may be required at the discretion of the research advisor or 

lab instructor. 

The Biosafety Officer will provide BSL1 training opportunities at the start of each 

academic semester, at the beginning of the summer and as needed by request. Training is 

generally available in scheduled seminar type settings. You may schedule training for 

laboratory classes at the start of each semester. Contact the Biosafety Officer for 

additional information about BSL1 training. 

Because it is not required, BSL1 training does not have to be repeated annually. 

 

General Chemistry Lab Safety Training 

 Annual General Chemistry Lab Safety training is required of all students who are 

enrolled in courses in the Chemistry and Biology departments. This course includes 

information on spill clean up, personal protective equipment, and general lab safety. The 

General Chemistry Lab Safety training is offered at the beginning of every semester and 

at the beginning of the summer through EHS.  
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Chapter 12 Primary Containment: Biological Safety Cabinets 
 

 While an effective biosafety program begins with strict adherence to good 

microbiological practices, another important component to safe laboratory work is the use 

of primary containment such as the Biological Safety Cabinets (BSC). The design of the 

airflow pattern in a BSC provides a sterile working environment inside the cabinet and 

prevents the escape of materials from the cabinet into the laboratory room and the 

environment. The use of a BSC is recommended at BSL1 and required at BSL2 whenever 

manipulations that generate aerosols, droplets or splashes are being performed and when 

Risk Group 2 or higher infectious organisms are being used.  
 

 A. Types of Biological Safety Cabinets 

 A typical Biological Safety cabinet, of any class, has an opening in the front 

through which the operator can work. This open area is also used to draw in "dirty" room 

air, which is then forced down through a grill at the front of the cabinet where it mixes 

with contaminated air from the work surface (Figures 2 and 3). Contaminated air is then 

drawn into a blower that routes all or part of the air through a high efficiency particulate 

air (HEPA) filter. HEPA filters remove particles as small as 0.12 μm from air with an 

efficiency of at least 99.97%. After the cabinet air has passed through the HEPA filter, it 

is considered contaminant-free. Depending on the type of BSC, the HEPA filtered air can 

either be exhausted into the environment or recirculated into the cabinet. BSCs are not 

chemical fume hoods and HEPA filters will not capture volatile chemicals or gases. 

 There are three categories of BSCs, designated Class I, II, and III.  Class I BSCs 

employ a single HEPA filter to treat air that is to be exhausted (Figure 2). Class II and III 

BSCs use 2 high efficiency particulate air (HEPA) filters arranged so that both exhaust 

air and recirculated air is filtered (Figure 3). These three types of BSC differ in the 

protection they provide to personnel, the environment and the material in the work area 

of the cabinet. 

 

Class I Biosafety Cabinet 

 In a Class I BSC, the pattern of airflow is similar to that of a chemical fume hood. 

Air is drawn into the cabinet through the front opening onto the work area. Contaminated 

air is pulled from the work area into an exhaust plenum and is HEPA filtered before 

being exhausted. There is no recirculation of HEPA filtered air into the cabinet  

(Figure 2).  

A Class I BSC provides protection to personnel because the air being drawn in 

acts as a barrier to potentially contaminated air coming back out to the operator. The 

work surface, however, is flooded with air that has not been filtered; the work 

environment is not sterile. The environment is protected because the cabinet air has been 

HEPA filtered before it is exhausted.  

This type of BSC is appropriate for work that is low risk and requires containment 

but not product protection. Class I BSC are often used to house equipment, such as 

centrifuges, or for procedures that may generate aerosols, such as sonication.  
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Figure 2. Class I Biosafety Cabinet. Because air entering the cabinet is not HEPA 

filtered, the Class I biosafety cabinet will not provide product protection or a sterile work 

environment. The exhaust air from the cabinet is HEPA filtered for environmental 

protection and operators are protected because the airflow in the cabinet prevents air from 

leaving the cabinet. 

 

Class II Biosafety Cabinet 

There are 3 types of Class II BSCs designated Type IIA2 (formerly designated 

Type IIA/B3), Types IIB1 and Type IIB2. All 3 types employ 2 HEPA filters so that both 

exhausted air and air that is recirculated onto the work area are filtered (Figure 3). The 3 

types of Class II BSCs differ in the relative amounts of air that is exhausted and 

recirculated. 

Because most of the BSCs at F&M are Class II Type A2, the operation of this 

type of cabinet will be described here. In a Type A2 BSC, air is drawn into the cabinet 

through the front opening onto the work area. Contaminated air is pulled from the work 

area into an exhaust plenum and is divided so that about 30% of the air is drawn through 

a HEPA filter and is exhausted. The remaining 70% of the unfiltered air is routed back 

down through a second or workspace HEPA filter located directly over the work surface. 

This floods the work surface with clean HEPA-filtered air. The laminar flow of this 

HEPA filtered recirculated air provides a barrier preventing unfiltered room air from 

entering the area of the work surface (Figure 3).  

Because both the exhaust air and the recirculated air are HEPA filtered, the Class 

II biosafety cabinet will provide not only personnel and environment protection, but also 

protects materials in the work area from airborne contaminants. About 95% of all 

biosafety cabinets installed are Class II Type A2 cabinets. Class II BSCs are the most 

common type of BSC used in BSL2 laboratories. Class II BSC are also routinely used at 

BSL1 and BSL3 to provide containment and operator protection. 
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 Figure 3. Class II Biosafety Cabinet. Both the air to be exhausted and the air to be  

 recirculated into the work area is filtered through a HEPA filter providing a clean  

 environment inside the cabinet as well as protecting personnel and the environment. 

 

 

Class III Biosafety cabinet 

 Designed for work with highly infectious agents and hazardous operations under 

BSL4 conditions, the Class III BSC is designed to be airtight. Heavy-duty gloves 

attached to ports in the front of the cabinet allow access to the inside of the cabinet so the 

entire cabinet is under negative pressure. Supply air is drawn into the cabinet through 

HEPA filters. The cabinet exhaust air is filtered by two HEPA filters, installed in series, 

before discharge outside of the facility.  

 

 B. Proper use of a BSC 
 Organization and pre-planning is necessary when one is working with a BSC. All 

materials and equipment should be assembled and placed into the cabinet before work 

begins. Movement of materials and arms into and out of the cabinet should be minimized; 

these movements disrupt the air curtain that is produced by the laminar airflow pattern 

producing turbulence and allowing unfiltered air to enter and leave the cabinet. Activities 

such as personnel walking by and doors opening or closing in the room near the BSC 

should also be minimized. 

 

 These steps should be followed during use of a BSC: 
1. Turn off the UV light, if one is in use. Turn on the blower in the BSC at least 10 minutes 

before work begins. 

2. The BSC airflow (“Magnehelic”) gauge should be checked (reading is equal to 

approximately 0.5 inches) to assure proper operation of the cabinet before placing any 

materials into it.  Readings indicate relative pressure drop across the HEPA filter.  Higher 

readings may indicate filter clogging.  Zero readings may indicate loss of filter integrity.  

In either case, notify Jim Engleman (LSP384, 358-4729) to arrange to have the BSC 

tested. 

3. Gloves and lab coat must be worn at all times when manipulating materials in a BSC. 

These protective items are removed before leaving the BSL2 laboratory area.  Lab coats 

are autoclaved before being laundered.   
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4. All materials should be place in the BSC before work begins. Keep the number of items 

placed within the BSC to a minimum to avoid disrupting the airflow. DO NOT disrupt 

the airflow through the BSC by placing ANY item on the grills. 

5. DO NOT use flames (e.g., Bunsen or alcohol burners) in the BSC as this disrupts the 

airflow in the cabinet increasing the risk of accidental worker exposure.  Heat from 

flames also damages the HEPA filter of the BSC. Alternatives for disinfection of 

instruments within the BSC include the Electric Bunsen Burner and the Bacti-Cinerator. 

The use of pre-sterilized inoculating loops and needles or a glass bead sterilizer avoids 

the need to disinfect instruments inside the BSC 

6. Work should be performed on the center of the work surface of the BSC whenever 

possible.  Work outward (or left to right) progressing from clean to dirty (contaminated) 

materials as illustrated in Figure 4. Infectious materials should not be placed directly 

adjacent to or directly on the intake grills. 

7. Minimize the number of times you move your hands in or out of the BSC.  All 

movements disrupt the airflow and increase the risk of exposure to biohazards. 

8. Liquid waste and disposable items are decontaminated within the BSC with 10% bleach 

for at least 30 minutes.  Solid waste and plastic consumables are contained within a 

primary biohazard bag within the hood.  Following decontamination, liquids are disposed 

down the sink drain, while disposable items such as pipette tips are placed in biohazard 

cans lined with autoclave bags. See Chapter 9 for information on handling biohazardous 

waste. 

9. Keep a bottle of disinfectant (Wescodyne or 70% ethanol) in the BSC for 

decontamination, or in case of a spill. Periodic decontamination of the BSC should be 

performed with a commercially available sporicide. 

10. At the end of experimental work, clean the inside surfaces of the BSC by wiping the back 

and front grills, work surface, accessible walls, and the inside of the window with an 

iodophore disinfectant such as Wescodyne. Although this leaves an orange-brown 

residue, it can be wiped off with 70% ethanol or water. A preliminary cleaning with 

detergent (e.g., diluted 7X Laboratory Detergent) is optional, but may be helpful for 

removing dirt or organic matter.  The use of 70% ethanol to disinfect BSC is not 

recommended because the ethanol will evaporate rapidly with the BSC fan on; you will 

essentially be attempting to disinfect with water (Chapter 9). 

a. Bleach is harmful to stainless steel and should not be used unless it is rinsed off 

with water, followed by 70% ethanol. 

b. Use of ultraviolet (UV) lights as the primary means to disinfect your BSC is 

highly discouraged (Chapter 9).  UV lamps are rapidly covered by dust and dirt 

that hamper the appropriate emission of UV light.  In addition, UV light does not 

kill infectious materials protected by dust, dirt, or organic residue and UV light 

does not penetrate cracks or through the grill work of a BSC.  UV rays from the 

BSC can harm individuals in the lab since they reflect off the stainless steel 

interior of the cabinet. 

11. Paper towels used to wipe down the hood are disposed of as biohazardous trash.   

12. Allow the blower to run for at least 10 minutes following use. 
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Figure 4. “Clean to dirty” protocol for work in a BSC. Cultures on the left can be 

inoculated in the center. A pan for contaminated pipettes and a biohazard waste bag are 

located on the right.  This arrangement would work for a right-handed person; reverse it 

for a left-handed person. 

 

 If your work requires the use of aspiration to remove medium from cultures, the 

vacuum line must be arranged to prevent any BSL2 materials from entering the vacuum 

system. This arrangement, shown in Figure 5, should include a 2 traps and an in-line 

HEPA filter. Both traps should contain a small volume of disinfectant. It is crucial that 

the glass tubing in the traps is short enough that the volume of liquid in the traps never 

rises above the bottom of the glass tubing. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. The proper arrangement of a vacuum line for aspiration of medium in a BSC. 

The suction flask (A) can be attached to a pipette to aspirate liquid. A trap (B) should be 

used and an in-line HEPA filter (C) should be used to protect the vacuum system (D). 
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C. Maintenance and Certification of BSC  

 Proper maintenance of BSCs is essential in order for the cabinets to be effective 

primary containment barriers. To ensure BSL2 containment to protect lab personnel, 

BSCs must be tested at least once per year by certified personnel. The NSF (National 

Sanitation Foundation) Standard 49 identifies the protocol to be used and the 

performance criteria that must be maintained in order for a cabinet to pass certification. 

The Controlled Environment Testing Association (CETA), the organization of 

certification individuals and companies, maintains a list of biological safety cabinet 

certifiers across the United States. Contact Jim Engleman (LSP384, 358-4729) to arrange 

annual certification of your BSC. 
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Chapter 13 Working with Human and Other Mammalian Cells and 

Tissues 
 

Working with cell lines and tissues from humans, non-human primates and other 

mammals presents a unique set of exposure risks for laboratory personnel (Chapter 4 

Section E). Although generally safe, these cells and tissues can carry bloodborne 

pathogens that are infectious for humans. Bloodborne pathogens that may be present in 

human cell lines and tissues include, but are not limited to, Hepatitis B virus, Hepatitis C 

virus, HIV and, quite possibly, pathogens that have yet to be identified. Cells 

immortalized with viral agents such as SV40, cells carrying viral genomic material and 

tumorigenic cell lines also are potential hazards to laboratory personnel. Pathogens that 

infect other mammals, such as non-human primates, also have the potential to cause 

disease in humans.  

 

The Bloodborne Pathogen Standard  
 The Occupational Safety and Health Administration (OSHA) has developed a 

Bloodborne Pathogen standard  29 CFR 1910.1030 that should be applied to all work 

with human and non-human primate blood, tissues or cell lines. The intent of this 

standard is to minimize occupational exposure to bloodborne pathogens. To accomplish 

this, the standard mandates a combination of engineering and work practice controls, 

training, Hepatitis B immunization and other provisions.  

  The Bloodborne Pathogen standard should be applied to all work with human and 

non-human primate blood, tissues or cell lines. This standard requires that all human and 

non-human primate cells and tissues (OPIM) should be treated as if they are 

contaminated with a bloodborne pathogen and handled using Biosafety Level 2 practices 

and containment (Chapter 7). All work with these cells and tissues should be performed 

in a BSC (Chapter 12) and all waste should be treated as biohazardous waste (Chapter 9). 

Personal Protective Equipment appropriate to the task being performed should always be 

used.   

 

Bloodborne Pathogen Training 

 The OSHA standard requires annual Bloodborne Pathogen training for lab 

personnel, including PIs, students and employees. This training should provide 

information on the risks of working with OPIM, safeguards that will reduce or minimize 

exposure to bloodborne pathogens and information on the availability of the Hepatitis B 

immunization. All individuals working in a lab where OPIM including human cells are 

cultured are required to receive training, whether or not their work indirectly involves 

exposure to cells, blood or tissues.  

 

Hepatitis B Immunization 

 The Bloodborne Pathogen standard requires that Hepatitis B immunization is 

made available to all occupationally at-risk employees at no cost to the employee. At 

F&M, Hepatitis B immunization is available through Appel Health Center or Lancaster 

General Hospital. Students and employees who decline immunization are required to file 

the Hepatitis B Vaccine Declination Form (available in the Exposure Control Plan and at 

training sessions). Students who decline the vaccine may not work in labs where 

http://www.osha.gov/pls/oshaweb/owasrch.search_form?p_doc_type=STANDARDS&p_toc_level=1&p_keyvalue=1910
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materials covered by the OSHA Bloodborne standard (including human cell lines) are 

present until the IBC reviews the reasons for their declination and gives approval. 

 

The F&M Exposure Control Plan  
 The policies and guidelines regarding the Bloodborne Pathogen standard may be 

found in the Exposure Control Plan which is available in the Laboratory Safety Plan in 

each lab and at the EHS website: http://www.fandm.edu/EHS. 

 

 

  

http://www.fandm.edu/EHS
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Chapter 14 Biosecurity, Select Agents and Dual Use Research 

 
The threat of bioterrorism involving infectious biological agents and toxins 

presents new challenges in safeguarding the public health and national security. The 

Public Health Security and Bioterrorism Preparedness and Response Act of 2002 requires 

that the United States improve its ability to prevent, prepare for and respond to acts of 

bioterrorism. This Act established requirements intended to increase security in the 

scientific research community with respect to a number of pathogens and toxins that have 

been classified as Select Agents and Toxins. Misuse and distribution of these pathogens 

and toxins could pose a threat to human, animal and plant health. These regulations 

provide enhanced control over the possession, use and transfer of Select Agents and 

Toxins in order to protect them from theft, loss and misuse. In addition, individuals who 

have access to Select Agents and Toxins must undergo a security risk assessment to 

prevent these materials from becoming available to individuals who intend to misuse 

them. 

 

Select Agents and Toxins 

 The Federal Government, through the Department of Health and Human Services and 

the Department of Agriculture, regulates certain biological agents and toxins, collectively 

known as Select Agents and Toxins. The Select Agent regulations (42 CFR 73, 9 CFR 

121, and 7 CFR 331) mandate the registration of facilities possessing, using and 

transferring these agents or toxins.  

 The Select Agent List describes the biological agents and toxins have been 

determined to have the potential to pose a severe threat to human, plant and animal health 

or to animal and plant products (Table 12). The list of select agents and toxins is 

continuously subject to review, revision and modification. Frequently, attenuated strains 

of a select agent or an inactive form of a select toxin may be excluded from the 

requirements of the Select Agent Regulations. The list of Select Agents and excluded 

agents and toxins can be found at: http://www.selectagents.gov.  

 Exclusions from registration based on the amount of toxin that is in a laboratory’s 

possession are in effect; these are summarized in Table 13. If the amounts you possess 

are eligible for exclusion, you must still register the toxin with EHS; registration with the 

Federal government is not required.  

 Investigators must contact EHS to register with the College's Select Agent 

Program and the appropriate Federal agency prior to possession, use or transfer of any 

Select Agent. If you are in doubt whether your agent is on the list you must contact the 

Biosafety Officer for advice.  

 

  

http://www.selectagents.gov/
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Table 12. Select Agents and Toxins 
The following biological agents and toxins have been determined to have the potential to pose a severe 
threat to both human and animal health, to plant health, or to animal and plant products. An attenuated 
strain of a select agent or an inactive form of a select toxin may be excluded from the requirements of the 
Select Agent Regulations. The list of excluded agents and toxins can be found at: 
http://www.selectagents.gov/Select%20Agents%20and%20Toxins%20Exclusions.html 

HHS SELECT AGENTS AND TOXINS 
Abrin   
Botulinum neurotoxins   
Botulinum neurotoxin producing species of 
Clostridium  
Cercopithecine herpesvirus 1 (Herpes B virus)  
Clostridium perfringens epsilon toxin   
Coccidioides posadasii/Coccidioides immitis 
Conotoxins  Coxiella burnetii   
Crimean-Congo haemorrhagic fever virus  
Diacetoxyscirpenol   
Eastern Equine Encephalitis virus   
Ebola virus   
Francisella tularensis 
  Lassa fever virus   
Marburg virus   
Monkeypox virus   

Reconstructed replication competent forms of 
the 1918 pandemic influenza virus containing 
any portion of the coding regions of all eight 
gene segments (Reconstructed 1918 Influenza 
virus) 

Ricin 
Rickettsia prowazekii   
Rickettsia rickettsii   
Saxitoxin   
Shiga-like ribosome inactivating proteins Shigatoxin 
South American Haemorrhagic Fever viruses  

Flexal 
Guanarito  
Junin  
Machupo  
Sabia 

Staphylococcal enterotoxins  T-2 toxin   
Tetrodotoxin   
Tick-borne encephalitis complex (flavi) viruses 

Central European Tick-borne encephalitis 
 Far Eastern Tick-borne encephalitis  
Kyasanur Forest disease   
Omsk Hemorrhagic Fever 
Russian Spring and Summer encephalitis  

Variola major virus (Smallpox virus)   
Variola minor virus (Alastrim)   
Yersinia pestis 
 
OVERLAP SELECT AGENTS AND TOXINS 
Bacillus anthracis 
Brucella abortus 
Brucella melitensis 
Brucella suis 
Burkholderia mallei (formerly Pseudomonas mallei) 

Burkholderia pseudomallei (formerly Pseudomonas  
pseudomallei) 

Hendra virus 
Nipah virus   
Rift Valley fever virus   
Venezuelan Equine Encephalitis virus 
 
USDA VETERINARY SERVICES (VS) SELECT 
AGENTS 
African horse sickness virus   
African swine fever virus   
Akabane virus   
Avian influenza virus (highly pathogenic) 
Bluetongue virus (exotic) 
Bovine spongiform encephalopathy agent  
Camel pox virus   
Classical swine fever virus   
Ehrlichia ruminantium (Heartwater)  
Foot-and-mouth disease virus 
Goat pox virus   
Japanese encephalitis virus  
Lumpy skin disease virus  
Malignant catarrhal fever virus 

(Alcelaphine herpesvirus type 1)   
Menangle virus   
Mycoplasma capricolum subspecies  

Capripneumoniae (contagious caprine 
pleuropneumonia)  

Mycoplasma mycoides subspecies mycoides small 
colony (MmmSC) (contagious bovine       
pleuropneumonia)  

Peste des petits ruminants virus 
Rinderpest virus  
Sheep pox virus 
Swine vesicular disease virus   
Vesicular stomatitis virus (exotic): Indiana subtypes 
        VSV-IN2, VSV-IN3   
Virulent Newcastle disease virus1 
 
USDA PLANT PROTECTION AND QUARANTINE 
(PPQ) SELECT AGENTS   

Peronosclerospora philippinensis      
 (Peronosclerospora sacchari)   
Phoma glycinicola (formerly Pyrenochaeta glycines) 
Ralstonia solanacearum race 3, biovar 2 
Rathayibacter toxicus   
Sclerophthora rayssiae var. zeae   
Synchytrium endobioticum 
  Xanthomonas oryzae   
Xylella fastidiosa (citrus variegated chlorosis strain)

1 
A virulent Newcastle disease virus (avian paramyxovirus serotype 1) has an intracerebral pathogenicity index in day-old 

chicks (Gallus gallus) of 0.7 or greater or has an amino acid sequence at the fusion (F) protein cleavage site that is 
consistent with virulent strains of Newcastle disease virus. A failure to detect a cleavage site that is consistent with virulent 
strains does not confirm the absence of a virulent virus. 
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1Although these amounts are not subject to federal regulations, F&M  

College does require that these select agents be registered with EHS. 

 

 

Dual Use Research 

The goal of life sciences research is often to improve the health, welfare and 

safety of mankind. This type of research may yield information, techniques or technology 

that have the potential to be misused to threaten public health or national security. 

Legitimate research with the potential to be misused in a harmful way is considered to be 

dual use research.  

In March 2012, the federal government issued revised guidelines to be used by 

federal agencies (NIH, USDA, CDC, and Department of Defense) when reviewing 

federally funded research that may qualify as dual use research.  

Research may be considered as dual use research if it: 

 Enhances the harmful consequences of an agent or toxin 

 Disrupts immunity or the effectiveness of immunization 

 Increases the stability, transmissibility or the ability to disseminate the  

agent or toxin 

 Alters the host range or tropism of the agent or toxin 

 Enhances the susceptibility of a host population 

 Generates or reconstitutes an eradicated or extinct agent or toxin 

 

For more information on dual use research including the revised policy, and the 

National Science Advisory Board for Biosecurity (NSAAB), which oversees dual use 

research, visit http://oba.od.nih.gov/biosecurity/biosecurity.html 

 
 

 

  

Table 13. Toxin amounts excluded from Select Agent 
Regulations1 

Toxin Amount 

Abrin 100 mg 

Botulinum neurotoxins 0.5 mg 

Clostridium perfringens epsilon toxin 100 mg 

Conotoxin 100 mg 

Diacetoxyscirpenol (DAS) 1000 mg 

Ricin 100 mg 

Saxitoxin 100 mg 

Shiga-like ribosome inactivating proteins 100 mg 

Shigatoxin 100 mg 

Staphylococcal enterotoxins 5 mg 

T-2 toxin 1000 mg 

Tetrodotoxin 100 mg 

http://oba.od.nih.gov/biosecurity/biosecurity.html
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Chapter 15 Guidelines for Working with Toxins of Biological Origin 

 
 The amounts of most biological toxins routinely used in research pose minimal 

risk to lab personnel and the community. These toxins are generally difficult to transmit 

from person to person. The primary risk is accidental exposure by direct contact with 

mucous membranes of the mouth, nose and eyes. Exposure risk increases during 

manipulations that result in the generation of aerosols that increase the likelihood of 

contamination of mucous membranes. 

  Exposure may also occur by needlesticks, injuries from other sharps (such as 

broken glass or scalpels blades) or other accidental exposure to broken skin. Such 

parenteral exposures are a serious risk to personnel. Depending on the toxin being used 

and the concentration, such an exposure could be catastrophic. Workers should be trained 

specifically in the safe use of sharps and the use of sharps should be avoided whenever 

possible. Used contaminated sharps should be placed immediately into sharps containers 

and decontaminated promptly. 

  Biological toxins can be safely handled using the guidelines that have been 

established for the use of toxic chemicals with the addition of safety and security 

precautions based on the manipulations in each lab. Individuals should receive training in 

the use of toxins, particularly in the specific safety procedures that are appropriate to the 

protocol in use. Training should also include the practical aspects of working with toxins 

such as how to handle solutions of toxin, waste handling, and decontamination 

procedures. Practice runs, where procedures are practiced without toxin, are 

recommended. 

 Research with biological toxins requires a Biosafety Level 2 designation. In 

addition to standard BSL2 precautions (Chapter 7), additional guidelines are listed here: 

 An inventory should be maintained to account for use and disposal of toxins.  

 Toxins should be stored in sealed and labeled containers in secured locations.  

 Toxins should be stored in rooms that have appropriate signage and with 

limited access. 

  Refrigerators and other storage containers should be clearly labeled and 

provide contact information. 

 The use of toxins should be restricted to a limited area of the lab such as a   

 designated lab bench.  

 A Standard Operating Procedure (SOP) should be approved by the IBC and be 

available in the lab. 

 Appropriate PPE should be used, including gloves and lab coats. 

 The generation of aerosols should always be minimized. Any manipulations that 

generate aerosols should be performed in the BSC. The BSC should be 

decontaminated daily or after each use. 

 Sealed, safety centrifuge cups or rotors should be used or centrifugation tubes 

should be opened in a BSC. 

 Toxins should be removed from the BSC only after the primary container is 

decontaminated and place in a secondary container. 

 Particular care needs to be taken with dry form of toxins that are subject to 

electrostatic dispersion. 
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Decontamination of toxins and toxin contaminated material 
 The stability of biological toxins varies depending on temperature, pH, ionic 

strength and whether the toxin is dry or dissolved. Many toxins can be inactivated by 

with autoclaving or heat treatment (Table 14). Other toxins are susceptible to chemical 

inactivation (Table 15) with dilute sodium hydroxide (NaOH) at concentrations of 0.10-

0.25N, and/or sodium hypochlorite (NaOCl) bleach solutions at concentrations of 0.1-

0.5% (w/v). Bleach solutions should be freshly prepared for decontamination. The 

effectiveness of each type of decontamination should be confirmed using a toxin 

biosassay.   

 

 

 

Table 14. Physical Inactivation of Selected Toxins 

Toxin Autoclave Dry heat 

(10 min.) 

Botulinum neurotoxin Yes1 >1000C 3 

Staphylococcal enterotoxin Yes2 >1000C 

Ricin Yes >1000C 

Saxitoxin No >2600C 

Tetrodotoxin No >2600C 

T-2 mycotoxin No >8150C 
  1Steam autoclaving should be at 1210C for 1 hour. For volumes larger than  

      1 L or when endospores may be present, autoclave for 2 hours 

  2 Steam autoclaving should be at 1210C for 1 hour followed by incineration is  

      recommended for the disposal of SE contaminated material. 

  3 Inactivation may not be complete depending upon the extent of toxin refolding  

      after denaturation.  

  Source: Adapted from the University of North Carolina Chapel Hill Biosafety Manual 

 

 

Table 15.   Chemical Inactivation of Selected Toxins 

Toxin NaOCl 

(30 min.) 

NaOH 

(30 min.) 

NaOCl + NaOH 

(30 min.) 

Botulinum neurotoxin >0.1%1 >0.25 N ND 

Staphylococcal enterotoxin >0.5%2 >0.25 N ND 

Ricin >1% ND >0.1%+0.25N3 

Saxitoxin >0.1%3 ND 0.25%+0.25N3 

Tetrodotoxin >0.5%3 ND 0.25%+0.25N3 

T-2 mycotoxin >2.5%3 ND 0.25%+0.25N3 

 1Solutions of NaOCl (0.1%) or NaOH (>0.25 N) for 30 min inactivate BoNT and are 

     recommended for decontaminating work surfaces and spills of C. botulinum or BoNT.  

 2Treatment for 10-15 min 

 3The minimal effective concentration of NaOCl was dependent on toxin and contact time; all  

     LMW toxins tested were inactivated at least 99% by treatment with 2.5% NaOCl. 

 Source: Adapted from the University of North Carolina Chapel Hill Biosafety Manual 
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Exposure Incidents 

 An "exposure incident" is specific contact (eye, mouth, other mucous membrane 

or parenteral e.g. needlestick) with a biological toxin or toxin-contaminated material. An 

employee or student who sustains a known or potential exposure incident must treat the 

affected area immediately by following the appropriate exposure incident response 

described in Chapter 8 and below: 

 Percutaneous Injury e.g. needlestick or injury with other “sharp” 

 Wash the affected area with antiseptic soap and warm water for 15 minutes. 

 

 Mucous membrane exposure: Splash to face 

 Flush affected area in eyewash for 15 minutes. 

 
Reporting an Exposure Incident 

 Anyone who has experienced exposure to a biological toxin should report the 

incident to their PI and the Biosafety Office or EHS immediately after washing the 

exposure site. A Laboratory Incident and Accident Report Form must be completed 

following any laboratory accident or exposure. This form may be found in Chapter 8 

(page 45). The BSO and EHS must be notified (see below). 

 
Medical Assistance 

 Student researchers are urged to call Appel Health (432-0071) for an evaluation 

after they have received proper available first aid at the site of exposure. Factors to 

consider in assessing the need for follow-up include the route and severity of the 

exposure and the type and amount of toxin. In situations when Appel Health is not 

available or if more extensive treatment is required, the employee will be referred to the 

Lancaster General Hospital (555 N. Duke St) or the Lancaster Regional Medical Center 

ER (250 College Ave.). Non-student personnel should be evaluated at Lancaster General 

Hospital (555 N. Duke St) or the Lancaster Regional Medical Center ER (250 College 

Ave.). 

 The post-exposure evaluation and follow-up will be provided at no cost to 

laboratory workers who experience exposure incidents.  

 

Investigation of Laboratory Accidents 

 The Office of Environmental Health and Safety and the Biosafety Officer, in 

cooperation with the principal investigator, will conduct the necessary investigation of a 

laboratory accident. The goal of the investigation is the prevention of similar accidents. 

 Please also report incidents that did not result in an exposure (near miss), 

especially if a sharps devise was involved. Evaluation of near misses can lead to 

alternative work practices and implementation of engineering controls to minimize future 

incidents. 
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Chapter 16. Transportation and Shipping of Hazardous Materials 

 
A. Categories of Hazardous Materials 
 The US Department of Transportation (DOT) and the International Air Transport 

Association (IATA) regulate the shipping and transportation of hazardous materials. The 

definition of hazardous materials includes materials that are known to or reasonably 

expected to contain an infectious agent as well as other dangerous materials, such as dry 

ice.   

Infectious substances: 

 Category A (UN2814 Human pathogens and UN2900 animal pathogens) 
This category includes human or animal pathogens that are cultured or amplified, 

such as cultures, stocks, or slants of infectious materials or genetically modified 

organisms. Also included in this category are diagnostic or clinical specimens 

containing a Risk Group 4 agent or a Select Agent. This category includes materials 

that are considered to be at a high risk for potential harm. This type of material must 

be shipped as: Category A Infectious Substance, Class 6.2 Infectious Agent. 

 

 Category B (UN3373) 

This category includes biological substances, such as diagnostic or clinical specimens 

from humans or animals that are known to harbor a pathogen or have a high 

probability of containing a pathogen. These materials are considered to be a moderate 

risk for potential harm. This type of material must be shipped as: Biological 

Substances, Category B. 

 

 Exempt human or animal specimen (no UN #) 

This category includes biological substances, such as diagnostic samples, that are not 

known to harbor a pathogen or have lower probability of containing a pathogen. 

These are considered to be low risk for potential harm. This type of material should 

be marked: “Exempt Human/Animal Specimen”.  

 

Dry Ice 

 Dry ice, which is commonly used to maintain cool temperatures during the 

shipment of biological samples, is classified as a hazardous material because it poses 

several types of hazards: 

 Explosion hazard: Dry ice releases large volume of gaseous CO2 as it 

sublimates. If the packaging does not allow the release of the gas, it may pose 

an explosion hazard. 

 Suffocation hazard: As dry ice sublimates, the volume of CO2 gas may create 

an oxygen deficient environment. 

 Contact hazard: Exposure to dry ice may cause frostbite on unprotected skin. 

 

http://www.phmsa.dot.gov/staticfiles/PHMSA/DownloadableFiles/Files/Transporting_Infectious_Substances_brochure.pdf
http://www.iata.org/
http://www.iata.org/
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Figure 6. Guidelines for determination of the classification of infectious materials into category A, category B 

and exempt. 

Source: 

http://www.phmsa.dot.gov/staticfiles/PHMSA/DownloadableFiles/Files/Transporting_Infectious_Substances_

brochure.pdf 

 

http://www.phmsa.dot.gov/staticfiles/PHMSA/DownloadableFiles/Files/Transporting_Infectious_Substances_brochure.pdf
http://www.phmsa.dot.gov/staticfiles/PHMSA/DownloadableFiles/Files/Transporting_Infectious_Substances_brochure.pdf
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B. Transportation and shipping of Hazardous Materials 
 Transportation and shipping of biological materials and packages containing dry 

ice requires specific packaging, labeling, and documentation (for more information, visit: 

http://www.phmsa.dot.gov/). Packaging must include leak-proof primary and secondary 

containers, absorbent material and specific types of boxes with appropriate labels 

providing information about the material being shipped (figures 7 and 8).  

Federal regulations require that personnel who are responsible for shipping and 

receiving hazardous materials receive documentable training every 2 years. This training 

is required to be able to properly identify materials according to DOT and IATA 

guidelines and to provide correct labeling and packaging. Contact (EHS, 291- 4153, 

dfreeman@fandm.edu) if you want to ship infectious materials and/or dry ice. Do NOT 

attempt to package and ship these items yourself; there are severe penalties for shipping 

these materials incorrectly. For example, individuals can be fined $250,000 and jailed for 

a year; organizations can be fined $500,000 per incident. 

Figure 7. An example of the packaging requirements for shipment of an infectious, hazardous 

material such as a bacterial slant culture.  
Source: 

http://www.phmsa.dot.gov/staticfiles/PHMSA/DownloadableFiles/Files/Transporting_Infectious_

Substances_brochure.pdf 

 
 

Figure 8. Examples of two of the package labels required for shipping infectious substances, such  

as cultures, (left) and dry ice (right).  Source: 

http://www.phmsa.dot.gov/staticfiles/PHMSA/DownloadableFiles/Files/Transporting_Infectious_

Substances_brochure.pdf 

  

mailto:dfreeman@fandm.edu
http://www.phmsa.dot.gov/staticfiles/PHMSA/DownloadableFiles/Files/Transporting_Infectious_Substances_brochure.pdf
http://www.phmsa.dot.gov/staticfiles/PHMSA/DownloadableFiles/Files/Transporting_Infectious_Substances_brochure.pdf
http://www.phmsa.dot.gov/staticfiles/PHMSA/DownloadableFiles/Files/Transporting_Infectious_Substances_brochure.pdf
http://www.phmsa.dot.gov/staticfiles/PHMSA/DownloadableFiles/Files/Transporting_Infectious_Substances_brochure.pdf
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C. Import and Transfer Permits 

Some biological materials require a permit to be imported or transferred to 

another institution. The importation or interstate transfer of an etiological agent and hosts 

or vectors of human disease require an import permit from the Center for Disease Control 

(CDC). This permit applies to the etiological agents themselves, unsterilized biological 

material (ex: patient samples) containing an etiological agent, and animals that could be a 

host or vector of disease in humans (CDC Etiological Agent Import and Interstate 

Transfers). 

The United States Department of Agriculture (USDA) requires a permit for 

import or interstate transfer of infectious materials affecting livestock and biological 

materials containing animal material. Tissue culture materials and suspensions of cell 

culture grown viruses or other etiological agents containing growth stimulants of bovine 

or other livestock origins are controlled by the USDA due to the potential risk of 

introducing exotic animal diseases into the US (USDA Animal and Animal Product 

Imports and Interstate Transfers). 

 The USDA-APHIS also requires permits for the import and transfer of plants and 

plant products that may contain potential plant pathogens. This program is designed to 

safeguard U.S. agriculture and natural resources from the risks associated with the entry, 

establishment, or spread of plant pests and noxious weeds. Specific permits are necessary 

to import specific plants, plant products, and organisms into the U.S. and across state 

borders (USDA Plant material Imports and Interstate Transfers). 

 The U.S. Fish and Wildlife Service requires an import permit for certain live 

animals. Laws that mandate permits 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 Web site 

should be used to determine whether a wildlife or plant specimen requires a permit and 

how to obtain a permit. 

D.  Export Licenses 
Some pathogens, toxins, and genetically modified organisms require government 

licenses in order to be legally exported. The Department of Commerce and Department of 

State regulate the export of some biological materials, chemicals, and equipment. Do not 

assume that you will not need an export license based on the item’s availability in the US. 

Failure to obtain an export license when one is needed can result in significant fines, loss 

of export privileges, or jail time. 

 

E. Transporting Select Agents 
All movements of Select Agents need to be approved and documented even if it is 

within the Biology Department or the College. Contact EHS if you are considering 

bringing in a Select Agent, shipping one outside of the College, or moving one from one 

location on campus to another. 

 

  

http://www.cdc.gov/od/eaipp/
http://www.cdc.gov/od/eaipp/
http://www.aphis.usda.gov/import_export/animals/animal_import/animal_imports.shtml
http://www.aphis.usda.gov/import_export/animals/animal_import/animal_imports.shtml
http://www.aphis.usda.gov/import_export/plants/plant_imports/index.shtml
http://www.fws.gov/permits
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Appendix I   Resources 

 
FREQUENTLY USED WEB SITES 

     
Environmental Health and Safety at F&M 

http://www.fandm.edu/ehs 

 

Biosafety in Microbiological and Biomedical Research Laboratories (the BMBL) 

from the Centers for Disease Control and Prevention (CDC) 
http://www.cdc.gov/biosafety/publications/bmbl5/ 

 

The NIH Guidelines for Research Involving Recombinant and Synthetic Nucleic 

Acid Molecules (the NIH Guidelines) from the National Institutes of Health (NIH) 

http://oba.od.nih.gov/rdna/nih guidelines_oba.html 

 

 

ADDITIONAL RECOMMENDED WEB SITES: 

 

The American Biological Safety Association (ABSA) 
http://www.absa.org/riskgroups/index.html 

    

CDC Etiologic Agent Import Permit Program   

http://www.cdc.gov/od/eaipp/ 

  

  CDC Office of Health and Safety   
http://www.cdc.gov/od/ohs/  

  

CDC Select Agent Program 

http://www.cdc.gov/od/sap/ 

  

Department of the Army Department of Defense   32CFR  Parts626,627 

  Biological Defense Safety Program 

www.gpo.gov     

 

Environmental Protection Agency –registered disinfectants 

http://www.epa.gov/oppad001/chemregindex.html 

 

Food and Drug Administration – FDA cleared sterilants and disinfectants 

http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/ReprocessingofSingl

e-UseDevices/ucm133514 

 

International Air Transport Association 

http://www.iata.org/ 

 

 

 

http://www.fandm.edu/ehs
http://www.cdc.gov/biosafety/publications/bmbl5/
http://oba.od.nih.gov/rdna/nih_guidelines_oba.html
http://www.absa.org/riskgroups/index.html
http://www.cdc.gov/od/eaipp/
http://www.cdc.gov/od/ohs/
http://www.cdc.gov/od/sap/
http://www.gpo.gov/
http://www.epa.gov/oppad001/chemregindex.htm
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/ReprocessingofSingle-UseDevices/ucm133514
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/ReprocessingofSingle-UseDevices/ucm133514
http://www.iata.org/
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National Animal Disease Center    
U.S. Department of Agriculture 

http://www.ars.usda.gov/Main/site_main.htm?modecode=36253000 

 

NIH Division of Occupational Health and Safety  

http://dohs.ors.od.nih.gov/index.htm 

 

NIH Office of Laboratory Animal Welfare (OLAW) 

http://grants.nih.gov/grants/olaw/olaw.htm 

 

National Science Advisory Board for Biosecurity (NSAAB) – dual use research 

http://oba.od.nih.gov/biosecurity/biosecurity.html 

 

Occupational Safety and Health Administration 

http://www.osha.gov/index.html 

 

Select Agent Regulations (42 CFR 73) or USDA (9 CFR 121) 
http://www.selectagents.gov/select agents and Toxins list.html 

 

The US Dept. of Agriculture and the Animal and Plant Health Inspection Service 
USDA/APHIS  http://www.aphis.usda.gov 

 

USDA-APHIS National Center for Import/Export 

http://www.aphis.usda.gov/vs/import_export.htm 

  

USDA Agriculture Select Agent Program 

http://www.aphis.usda.gov/programs/ag_selectagent/   

 

USDA Plant Select Agents & Plant Protection and Quarantine 

http://www.aphis.usda.gov/programs/ag_selectagent/index.html 

http://www.aphis.usda.gov/ppq/permits   

 

US Fish and Wildlife Service 

http://www.fws.gov/permits/ 

 

US Department of Transportation      

Hazardous Materials Center  Pipeline & Hazardous Materials Center 

 http://hazmat.dot.gov 

   

US DOC Export Administration Program   
Export Administration Regulations (EAR)  

http://www.access.gpo.gov/bis/index.html 

 

World Health Organization Biosafety Program 

http://www.who.int/csr/labepidemiology/projects/biosafetymain/en/http://www.who.

int/csr/resources/publications/csrpublications/en/index2.html 

http://www.ars.usda.gov/Main/site_main.htm?modecode=36253000
http://dohs.ors.od.nih.gov/index.htm
http://grants.nih.gov/grants/olaw/olaw.htm
http://oba.od.nih.gov/biosecurity/biosecurity.html
http://www.osha.gov/index.html
http://www.selectagents.gov/
http://www.selectagents.gov/select%20agents%20and%20Toxins%20list.html
http://www.aphis.usda.gov/
http://www.aphis.usda.gov/vs/import_export.htm
http://www.aphis.usda.gov/programs/ag_selectagent/
http://www.aphis.usda.gov/programs/ag_selectagent/index.html
http://www.aphis.usda.gov/ppq/permits
http://www.fws.gov/permits/
http://hazmat.dot.gov/
http://www.access.gpo.gov/bis/index.html
http://www.who.int/csr/labepidemiology/projects/biosafetymain/en/
http://www.who.int/csr/labepidemiology/projects/biosafetymain/en/
http://www.who.int/csr/resources/publications/csrpublications/en/index2.html
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Appendix II  Acronyms 

 
ABSA    American Biological Safety Association  

ABSL   Animal Biosafety Level 

APHIS   Animal and Plant Health Inspection Service  

BMBL   Biosafety in Microbiological and Biomedical Laboratories  

BoNT   Botulinium neurotoxin  

BSC   Biological Safety Cabinet  

BSL   Biosafety Level  

BSO   Biological Safety Officer  

CDC   Centers for Disease Control and Prevention  

DHHS    Department of Health and Human Services  

DoC   Department of Commerce 

DOT   Department of Transportation 

EHS   Environmental Health and Safety 

EtOH    Ethanol  

FDA    Food and Drug Administration 

HEPA    High Efficiency Particulate Air  

HBV    Hepatitis B Virus  

HCV    Hepatitis C Virus 

HIV    Human Immunodeficiency Virus  

IACUC  Institutional Animal Care and Use Committee  

IATA   International Air Transport Association 

IBC    Institutional Biosafety Committee  

LAI    Laboratory Associated Infections  

NaOCl   Sodium Hypochlorite  

NaOH   Sodium Hydroxide 

NHP    Non-human Primate 

NIH    National Institutes of Health  

NIH Guidelines  NIH Guidelines for Research Involving Recombinant and  

    Synthetic DNA Molecules 

OBA    NIH Office of Biotechnology Activities  

OSHA    Occupational Safety and Health Administration  

OPIM   Other potentially infectious materials 

PI   Principal Investigator 

PPE   Personal Protective Equipment 

RAC    Recombinant DNA Advisory Committee  

rDNA   Recombinant DNA 

SE    Staphylococcal Enterotoxins  

SOP    Standard Operating Procedure  

UV   Ultraviolet  

USAMRIID      U.S. Army Medical Research Institute of Infectious 

Diseases  

USDA    U.S. Department of Agriculture  

WHO    World Health Organization  
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Laboratory Incident and Accident Report Form 

 
This form should be completed whenever there is an accident or exposure incident in a BSL2 lab. 

The form may also be completed in the event of a “near miss” incident; the information may be 

useful in the modification of protocols so that “near miss” incidents and accidents are prevented. 

If a medical evaluation was received, then the Blood and Body Fluid Exposure form found in the 

Exposure Control Plan must also be completed. 

 

Exposure Details 

 
Name of exposed__________________________________________________  

 

Date, time and location of exposure____________________________________ 

 

Explain the circumstances that resulted in the incident or exposure. What job were you doing? 

 

 

 

 

Was the incident or exposure the result of: 

a splash________ 

a needlestick or puncture_______ 

an animal bite _________ 

 

Was a sharp device involved?  

If yes, explain what type of device, what material was in the device and what volume of material 

was involved. 

 

 

 

 

Severity of exposure or injury: 

 Percutaneous:    depth of injury______________________________ 

   was fluid injected?___________________________ 

 

 Skin or mucous membrane exposure: was the skin abraded/chapped or intact? 

 

 Bite: was blood drawn? 

 

 

Did you receive or decline a medical evaluation?  

 

 

 

 

Signature of student/employee _________________________________Date and time_________ 

 

 

Signature of PI or Research advisor_____________________________Date and time_________ 
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Laboratory Incident and Accident Report Form 

 
This form should be completed whenever there is an accident or exposure incident in a BSL2 lab. 

The form may also be completed in the event of a “near miss” incident; the information may be 

useful in the modification of protocols so that “near miss” incidents and accidents are prevented. 

If a medical evaluation was received, then the Blood and Body Fluid Exposure form found in the 

Exposure Control Plan must also be completed. 

 

Exposure Details 

 
Name of exposed__________________________________________________  

 

Date, time and location of exposure____________________________________ 

 

Explain the circumstances that resulted in the incident or exposure. What job were you doing? 

 

 

 

 

Was the incident or exposure the result of: 

a splash________ 

a needlestick or puncture_______ 

an animal bite _________ 

 

Was a sharp device involved?  

If yes, explain what type of device, what material was in the device and what volume of material 

was involved. 

 

 

 

 

Severity of exposure or injury: 

 Percutaneous:    depth of injury______________________________ 

   was fluid injected?___________________________ 

 

 Skin or mucous membrane exposure: was the skin abraded/chapped or intact? 

 

 Bite: was blood drawn? 

 

 

Did you receive or decline a medical evaluation?  

 

 

 

 

Signature of student/employee _________________________________Date and time_________ 

 

 

Signature of PI or Research advisor_____________________________Date and time_________ 
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