
For the best experience, open this PDF portfolio in
 
Acrobat X or Adobe Reader X, or later.
 

Get Adobe Reader Now! 

http://www.adobe.com/go/reader




Bloodborne Pathogens (BBP)
Contact Chapman University EH&S


with any questions on university-specific practices











Objectives


Applicable regulations


Common BBP/OPIM


Control Measures


PPE 


Emergency Response







Bloodborne Pathogen Standard


The Occupational Health and Safety Administration (OSHA) 
developed the Bloodborne Pathogen (BBP) Standard  to 
protect workers from human BBP exposures


The BBP Standard covers all occupational exposures to 
blood or other potentially infectious materials and serves to 
provide methods to protect workers from exposure to BBPs


Regulatory Citation:  29 CFR 1910.1030







BBP Modes of Transmission


Sexual contact


Sharing needles


Form mothers to babies
at / before birth


Contact with broken skin or parenteral


- Rashes, cuts, punctures, abrasions,
acne, sores, abrasions


Contact with mucous membranes (splashes)


- Eyes, nose, mouth







Sources of Transmission







Other Potential Infectious Materials (OPIM)


Semen


Vaginal secretions


Cerebrospinal fluid


Synovial fluid


Pleural fluid


Pericardial fluid


Amniotic fluid


Saliva in dental 
procedures


Any other body fluid 
contaminated with 
blood







Other Potential Infectious Materials (OPIM)


Any unfixed cells, tissue or organs (other 
than skin) from a human or primate 


HIV-containing cell or tissue cultures, organ 
cultures


HIV- or HBV-containing culture medium or 
solutions


Blood, organs or other tissues from 
experimental animals infected with HIV or 
HBV







Other Potential Infectious Materials (OPIM)


If visibly contaminated with blood, practice Universal 
Precautions. The following are not expected to be 
infectious unless visibly contaminated with blood:


Urine


Sweat


Feces


Sputum 


Vomit


Tears 


Nasal Secretions







OPIM and Universal Precautions


OSHA Bloodborne Pathogen Standard requires 
Universal Precautions to be used when coming into 
contact with human blood, OPIM, and human body 
fluids that are visibly contaminated with blood.  


- Example: Vomit that has visible streaks of blood


Keep in mind: It is always  a good practice to wear 
gloves when handling substances of human origin. 







Definition – Bloodborne Pathogens


Bloodborne Pathogens are pathogenic 
microorganisms that are present in human 
blood & can cause disease in humans


These pathogens include, but are not 
limited to:


- Human Immunodeficiency Virus (HIV)


- Hepatitis C Virus (HCV)


- Hepatitis C Virus (HCV)


Workers exposed to these pathogens are at 
risk for serious illness or death







Control Measures


Biological Safety


Universal Precautions


Work Practices


Engineering Controls


Sharps Safety


Administrative Controls


Personal Protective Equipment







Biological Safety


Biological safety is the control of the 
exposure to prevent or minimize 
health effects to the employee


This is accomplished through:


- Engineering Controls


- Administrative Controls


- Personal Protective Equipment


- Good Work Practices







Preventing Exposure to BBPs 


One way to prevent exposure to 
bloodborne pathogens is through 
the practice of universal precautions


Universal precautions are an 
approach to infection control in 
which all human blood & certain 
human body fluids are treated as if 
known to be potentially infectious 
for HIV, HBV, and other bloodborne 
pathogens







Perspective on Universal Precautions


“We treat all blood in our laboratory as if it 
could kill us if we weren’t careful.  We follow 
the same practices for handling blood 
whether or not the sample is from a patient 
with a bloodborne disease – say, HIV or 
Hepatitis B – or from a normal uninfected 
donor.  Labs that don’t take the same 
precautions with all blood are just wrong.”


- Phillip J. Browning, M.D., Associate 
Professor of Medicine, Vanderbilt 
University







Recognizing Exposure Potential


To evaluate the effectiveness of engineering controls, 
work practices & personal protective equipment, you 
need to assess the risk of the task being performed


Look for the potential for exposure  in the task being 
performed:


- Potential for needle stick?
Example: tail vein injections of tumor cells into rodents


- Potential for splash?
Example: vortexing human cell lines







Appropriate Work Practices


Routine use of barriers (such as gloves 
and/or goggles) when anticipating 
contact with blood or body fluids 


Remembering to wash hands & other 
skin surfaces immediately after contact 
with blood or body fluids


Careful handling & disposing of sharp 
instruments during and after use







Appropriate Work Practices (continued…)


Performing human cell culture in a 
Biological Safety Cabinet


Discarding used needles in an approved 
sharps container without recapping the 
needle


Performing procedures involving blood 
or OPIM in a manner which minimizes 
splashes and generation of aerosols







Work Practices – Hand Washing 


Hand washing facilities must be readily 
available for employee use


Hands must be washed after removing 
gloves & after any exposure incident


Waterless hand sanitizer may be utilized if 
hand washing facilities are not available 
but hands should be washed with soap & 
water as soon as feasible







Work Practices – Hand Washing (Continued…)


When washing your hands be sure to:


Use warm water that is a 
comfortable temperature


Use liquid soap


Use friction by rubbing your hands 
together


Rinse downward


Dry thoroughly







Work Practice Controls


Engineering Controls:
The equipment and devices that are used to 
minimize or eliminate employee exposure 
to bloodborne pathogens


Personal Protective Equipment:
Any exposure risk remaining after the 
institution of engineering & work practice 
controls shall be mitigated via the use of 
personal protective equipment (PPE)







Std. Microbiological Practices, Research Labs


Good Practices


- Restricted access


- Good hygiene


- Use mechanical pipetting devices


- Minimize splashes and aerosol


- Appropriate decontamination


- Appropriate signage







Std. Microbiological Practices, Research Labs (Continued…)


Bad Practices


- Eating, Drinking Smoking


- Application of Cosmetics


- Handling of Contact Lenses


- Mouth Pipetting







Std. Microbiological Practices, Research Labs (Continued…)


Workers must not consume food and drink in 
areas where work involving exposure or 
potential exposure to blood or other 
potentially infectious materials


Food and beverages can become 
contaminated by work surfaces or by process 
that generate splashes, splatters, and aerosols


Eating and drinking is only permitted in 
designated areas







Administrative Controls – Signs


Biohazard Signs must be posted at the 
entrance of each HIV/HBV research 
laboratory


Each sign must include:


- Special requirements to enter the area


- Name and telephone number of lab director 
or other responsible individual







Administrative Controls - Labels


Biohazard Labels must be affixed 
to the container in a manner that 
prevents removal


Biohazard labels must be 
predominantly red or orange red 
with a prominent biohazard 
symbol


Red bags or red containers can 
also be used in lieu of biohazard 
labels







Administrative Controls – Waste  Disposal


What is wrong with these pictures?







Administrative Controls – Waste  Disposal (Continued…)


Always discard into proper waste 
streams


Inappropriate waste disposal can 
injure waste removal personnel







Administrative Controls – Waste  Disposal (Continued…)


Human Blood, Human Body Fluids, and 
Other Potentially Infectious Materials 
must be disposed of through one of the 
following treatment methods:


- Steam sterilization 


- Chemical disinfection 


- Disposal by an approved infectious 
waste treatment and disposal facility 
(e.g Stericycle) 







Administrative Controls – Waste  Disposal (Continued…)


Human Cell and Tissue Culture Waste
- Disposable tissue culture supplies and solid 


waste


- Collect in an orange or clear autoclave bag 
labeled with biohazard symbol


- Autoclave and dispose in regular trash


- Examples: Serological Pipets, Pipet Tips, 
Petri Dishes







Administrative Controls – Waste  Disposal (Continued…)


Glassware
- Broken Glassware – dispose of broken 


glass into the Glass Box


- Contaminated Glassware – (e.g. pastuer 
pipettes used in human cell culture) 
dispose into sharps container


Liquid Waste
- Autoclave (steam sterilization) or treat 


with bleach (1:10 dilution) prior to 
disposal in sanitary sewer







Personal Protective Equipment (PPE)


All employees should have access to PPE that is task 
appropriate & the correct size


PPE may include, but is not limited to: 


- Gloves, Gowns, Lab Coats, Face Shields and Goggles


Employee training on PPE should include:


- Location, Proper use and Proper Disposal


- Decontamination Procedures for Reusable Equipment


- Selection of Proper PPE for the Task







PPE Picture When to Wear Examples


Eye
Protection


• Worn when there is a potential for 
splashes/splatters of liquid


• Safety 
Glasses


• Goggles 
• Face Shields


Gloves
• Worn to protect hands
• May be single use or reusable


• Vinyl
• Latex
• Nitrile


Protective 
Clothing


• Worn to protect skin & clothing from hazards • Lab Coat
• Lab Apron


Respiratory 
Protection


• Worn to prevent inhalation of airborne 
microorganisms, dust, mists, & chemical 
fumes


• Prior to wearing employees must obtain:
medical clearance & training, then fit test


• This must occur annually


• N95 
• Full Face







PPE – Working with Blood/OPIM


Always wear protective gloves to prevent 
them from becoming soiled with blood or 
OPIM.


Wear laboratory coat or gown, eye 
protection, and a surgical mask when 
conducting procedures that may cause 
splattering.


When pipetting, you should always use a 
mechanical pipetting device. Never mouth 
pipet.







PPE – Working with Blood/OPIM (Continued…)


Use a Biological Safety Cabinet to contain 
procedures that generate aerosols (i.e. 
vortexing samples).


Wash your hands as soon as the procedure 
is complete and always before leaving the 
laboratory







Contaminated Laundry – Handling Recommendations


Reusable lab coats should never be taken 
home to be laundered


Lab coats worn during the manipulation 
of blood or OPIM should be bagged & 
appropriately labeled with the universal 
biohazard symbol prior to pick-up or 
drop-off for laundry service


Attempts should be made to limit contact 
with contaminated laundry







How to Clean Up Simple Spills


Wear appropriate PPE


Prevent/control spreading with 
absorbent materials


Collect residues


Decontaminate area / equipment


Complete incident report 







Biological / Blood Spills


Disinfect human blood or OPIM spills with a freshly 
prepared one-in-ten dilution of household bleach.


Be aware that bleach degrades overtime due contact 
with organic material and sunlight.


Clean all work surfaces with 70% isopropyl alcohol 
when procedures are complete.







Biological / Blood Spills (Continued…)


Remember that if you are exposed to blood that you 
must wash the exposed area or wound with soap and 
water.  Then, you must proceed directly to medical 
attention.


All incidents must be reported to your supervisor and 
others by following the procedures outlined by your 
institution.







Inhalation Pathogen Spill Guidelines


Applicable when handling cell culture that contains 
pathogens transmitted through inhalation or aerosol


Hold your breath and leave the laboratory 
immediately


Alert everyone else in the lab (i.e. post a warning sign 
that can be used as a signal to others )


Close the door and do not re-enter the space


Post a warning sign on the outside of the door


Contact your institution’s designated Emergency 
Response Personnel







Emergency Response Procedures


Immediately utilize eyewash, shower, soap, 
water and/or other incident protocol


Seek medical attention through employee 
health services or the emergency room


Report incident to your supervisor


Follow up with healthcare professional to 
receive a written opinion and instructions 
for additional testing requirements.








Chemical Safety
Contact Chapman University EH&S


with any questions on university-specific practices











Overview


Chemical hazard classes


Communication of hazards


Routes of exposure


Hierarchy of controls


Special laboratory hazards







Hazard Classes


Hazardous chemicals will display one 
or more of the following 
characteristics:


- Flammable


- Reactive


- Toxic


They may also present unique danger







Flammability / Explosive Risk


Some chemicals present a fire or explosion 
hazard.


These materials may be present in your lab in 
the form of a solid, liquid, or gas.


Sources of ignition must be controlled or 
eliminated when working with flammable or 
explosive materials.


Appropriate PPE can reduce injury in the event 
of a fire.







Flammability / Explosive Risk


Lab personnel should receive fire 
safety training.


Training should include information 
on:


- Communication (9-1-1)


- Egress and evacuation


- Use of fire extinguishers







Reactivity


Some chemicals react violently when 
exposed to other materials.


“Other materials” might include lab 
chemicals, but may also include wood, 
plastic, or metal furnishings.


Some chemicals react on contact with 
air and/or water.


Energy is released rapidly and often 
unexpectedly.







Reactivity (Continued…)


Oxidizers are an important type of 
reactive material.


Oxidizers are frequently corrosive.


It is important to separate oxidizers 
from organics.


Special reactive materials are 
discussed later.







Toxicity


Toxic substances cause injury to the body 
when we are exposed to them.


The severity of injury or illness is 
dependent on a number of factors, but 
the most important factor is the dose.


Dose is proportional to the amount of 
chemical in the environment and the 
duration of exposure.







Toxicity (Continued…)


The toxic effects of many 
chemicals are not well 
characterized.


Carcinogens frequently do not 
have a “safe” level of 
exposure. 







Communication of Hazards


Lab managers must ensure hazards are 
communicated to their personnel.


Employees have a “right to know” the 
hazards in their work place.


Communication takes many forms:


- Formal classroom training


- Hands-on training inside the lab


- Continuous informal conversations


- MSDS’s, signage, and labels







Communication of Hazards (Continued…)


A Chemical Hygiene Plan (CHP) 
needs to be in place in all labs.


Emergency procedures are part of 
the CHP.


MSDSs must be readily available to 
all personnel.


Every container must have a label.







Toxicology and Route of Exposure


Toxic substances may enter the body 
through one of the following routes:


- Inhalation


- Ingestion


- Skin absorption


- Punctures


Not all chemicals are toxic by all 
routes of exposure.







Inhalation Hazards


Inhalation (breathing) hazards consist of 
gases, vapors, and aerosols.


Cylinders of toxic gas should be stored in 
ventilated gas cabinets.


Even “inert” gases can displace oxygen 
and cause asphyxiation.


Vapors start as liquids but readily 
evaporate and act like gases.







Inhalation Hazards (Continued…)


Aerosols are small particles that can be 
generated from chemical or mechanical 
processes.


Regardless of the form, fume hoods are the 
best way to control exposures to inhalation 
hazards.


Respirators should be used only when other 
means of control are not sufficient.







Ingestion


Ingestion can occur when 
contaminated hands touch the 
mouth.


It is important to wear gloves in the 
lab and wash your hands after 
handling chemicals.


It is important not to eat or drink in 
the lab.







Skin Absorption


Certain chemicals may be absorbed 
through your skin.


Gloves and protective clothing are 
needed to prevent contact with 
these chemicals.


Skin irritation can also be caused by 
contact with chemicals.







Punctures


Sharps can puncture the skin.


Broken glassware, pipettes, and 
syringes are examples of sharps


Contaminated sharps can deliver a 
chemical into the body.


Use sharps containers to reduce 
exposure







Hierarchy of Controls


No matter the material, there should be controls 
to reduce the hazard to workers.


These controls should be implemented based on 
their effectiveness and their feasibility.


There is usually a trade-off between effectiveness 
and feasibility.


When grouped in order of decreasing 
effectiveness, this list is known as the “hierarchy 
of controls”.







Hierarchy of Controls (Continued…)


Ranked from most effective to least 
effective, these measures are 
generally accepted as the hierarchy:


- Elimination


- Substitution


- Engineering controls


- Administrative controls


- Personal protective equipment







Hierarchy of Controls (Continued…)


Elimination completely removes 
a hazard, but may also eliminate 
the work.


Substitution involves using a 
less hazardous material.


Either method is most likely to 
be successful if considered 
during design.







Hierarchy of Controls (Continued…)


Engineering controls usually involve 
changing the physical environment in which 
the hazard is located.


Placing a hazardous process in a fume hood 
is a common engineering control.


Enclosing the process or using other forms 
of local ventilation are other examples of 
engineering controls.







Hierarchy of Controls (Continued…)


Personal Protective Equipment (PPE) 
does nothing to reduce the hazard.


Employees must know how to use 
PPE effectively.


We must count on employees to use 
the PPE as directed.


In the long-term, PPE is less cost 
effective.







Hierarchy of Controls (Continued…)


Administrative controls usually 
involve employee rotation and are 
not appropriate in most cases.


Personal protective equipment (PPE) 
is usually the easiest control to 
implement, but is also the least 
effective.







Special Hazards


Some chemicals should be considered 
“special hazards” in the laboratory.


These include OSHA’s list of “particularly 
hazardous chemicals”


- Select carcinogens


- Reproductive agents


- Materials exhibiting high degree of acute 
toxicity


Labs using these materials may be required to 
follow specific OSHA guidelines.







Special Hazards (Continued…)


In addition to materials that are highly toxic, 
some materials present special physical hazards.


- Pyrophoric agents ignite on contact with air


- Water reactives may explode on contact with 
water or humidity


- Peroxides and azides can be very unstable.


- Cryogens can damage tissues and represent both 
an asphyxiation and explosion hazard








Chemical Storage
Contact Chapman University EH&S


with any questions on university-specific practices











Objectives


Separating incompatible materials


Special hazards


Flammable storage cabinets


Corrosives cabinets


Special versus general storage


Securing gas cylinders


Controlling quantities







Why Safe Storage is Important…


Reduces the risk of:


- Accident


- Spill


- Exposure


- Fire


Provides effective chemical 
management:


- Use older items first


- Deplete existing stock before 
ordering more


- Identify expired materials or 
damaged containers and 
labels







Separate Incompatible Materials


Acids from bases


Oxidizers from flammables


Reactives from water and air, as 
appropriate


NEVER store materials 
alphabetically, except within hazard 
categories







Separate Incompatible Materials (Continued…)


Manufacturers often have helpful 
color coding, to aid in segregation of 
hazard categories, e.g.:


- Inorganic acids


- Inorganic bases


- Flammables


- Oxidizers


- Reactives







Special Hazards


There are additional 
requirements for certain 
specific hazards


- High toxic items


- Particularly Hazardous 
Substances


- DEA chemicals


- Pyrophorics


Specifications for each 
special hazard may be 
found on Safety Data 
Sheets, including:


- Separate storage


- Protection from 
incompatible conditions


- Special security 
measures







Flammable Cabinets


To be used for all but minimum 
quantities of flammable materials


Consider venting of the cabinet for 
higher hazard items or odiferous 
ones


Remember: Acetic acid is flammable 
and belongs in a flammable cabinet, 
not a corrosive one







Corrosive Cabinets


If you will not have 
separate cabinets for 
acids and bases (due to 
costs or space 
limitations), separate 
these materials by 
secondary containment 
within the cabinet







Special storage


Materials requiring 
refrigeration should be in 
flammable-safe units 
designed for chemicals and 
marked solely for that use.


Consider back up power if 
electricity loss may create a 
hazardous situation.







General Storage


Never store materials above eye 
level


Put heavier containers on lower 
shelves, though NEVER on the floor


Turn labels outward


Be sure labels are readable


Watch expiration dates







General Storage (Continued…)


Mark date of receipt or opening on 
the label, as appropriate


Identify a place for all materials—
this will help maintain order and 
safety


Store only small quantities of 
currently-used items in the fume 
hood







Gas Cylinder Storage


Issues of incompatibility 
are present here as well, 
most notably flammables 
and oxidizers


This two items must be 
stored at least 20 feet 
apart or be separated by a 
fire wall


All tanks should be 
secured to a solid surface 
when in use and storage


Segregate empty tanks 
from full tanks


With large, self-venting 
tanks, consider the room 
size, to prevent 
asphyxiation during 
venting of gases







Chemical Quantity Limits


There are building code restrictions 
applicable to laboratories in most 
jurisdictions


Check with local authorities to 
determine the applicable code


Look at storerooms especially, as 
exceeding maximum quantities is  
common







Chemical Quantity Limits (Continued…)


Chemical limits are established for:


- Different hazard classes


- Whether the building or area has 
sprinklers


- Whether there are flammable 
cabinets present


- Elevation of lab above or below 
ground level


- Occupancy status of the room








Emergency Response in Labs 
Contact Chapman University EH&S


with any questions on university-specific practices











Topics Addressed in this Module


Overview to Emergency Response


Response to Medical Emergencies


Response to Fire Emergencies


Response to Hazardous Materials 
Emergencies


Response to Other Emergencies







Overview to Emergency Response 







Emergency Response in Labs 


Careful planning for emergencies is part of 
setting up a safe and productive lab.


Understanding the hazards involved is key to 
safe work. 


If you are unsure of possible hazards or if you 
need assistance preparing for emergencies, 
contact your institution’s designated 
safety/emergency representative. 







Emergencies in labs


As part of a safe lab, it is imperative that all 
individuals are well prepared for emergencies. 


At a minimum, personnel should be made aware 
of the location and proper use of:


- Emergency telephone numbers


- Eyewash stations and emergency showers


- Spill kits


- Emergency exits, evacuation routes and meeting 
places


- Fire extinguishers and alarm pull stations 







Firstly


It is critical that you report ALL 
accidents and injuries to your 
supervisor.


It is also critical that the supervisor 
then follows the reporting 
procedure proscribed by your 
institution.







Secondly


Get to know the Environmental 
Health and Safety staff at your 
institution; they will be a great 
resource to assist you in planning for 
emergencies in your laboratory.







Medical Emergencies







Slide Medical Emergencies Title


Things to do IN ADVANCE!


- Identify first aid resources


- Identify EMTs, in-house or municipality resources


- Identify ambulance transport options


- Contact your Environmental Health and Safety 
staff for assistance:


• For high hazard items, identify specific 
responses in your Standard Operating 
Procedure (SOPs)







More Advanced Planning:


Identify the emergency phone number for 
institution to use:


- Internal Police?


- Local 911?


- Something else?


Ensure that information regarding 
laboratory emergency situations is 
prominently posted.


Run drills of likely situations with lab 
employees (spills, eye exposures, etc.).







Emergency Response


General guidelines:


- Remain calm


- Initiate lifesaving measures if you are able 
and trained


- Call for emergency help


- Do not move the injured or affected person 
unless there is danger of further harm


- Clear the area of extraneous personnel


- Do not put yourself at risk for any response







First Aid


It is important to check with your 
institution’s legal department to identify 
who is permitted to perform first aid 
procedures.


Some institutions only permit trained 
personnel to perform first aid.


Determine the type of first aid kit permitted 
in labs, in consideration of the same legal 
reasons.







Chemical Exposures


Emergency eyewashes and showers should be 
present and available wherever hazardous 
(and especially corrosive) chemicals are 
present.


These units should be available to an injured 
person within a 10 second walk and never 
separated by a door or stairwell.


Eyewashes and showers should be routinely 
tested to ensure clean supply water.







Chemical Exposures


Blocking access to both eyewashes 
and safety showers is a common 
problem.


Routinely check to ensure your units 
are not blocked.







Punctures and Needle-sticks


They can occur with any agent:


- Chemical


- Biological


- Radiological


- No hazardous material present


You must report all needle stick 
injuries to your supervisor—this is 
an OSHA requirement!







Fire Emergencies







Fire – Key Points


Remember that fires in labs have the potential to 
spread rapidly, depending on the fuel source (e.g., 
flammable liquids)


Lab chemicals involved in a fire can rapidly 
produce toxic gas and smoke


- SOPs for high hazard research activities are 
essential and should outline emergency steps (e.g., 
working with pyrophorics, hydrofluoric acid, etc).


In case of any fire in a lab, it is essential to never 
put yourself in danger to extinguish fire or aid 
others 







Fire – Types of Fire 


There are several classes of fire potentially found in 
labs:


- Ordinary combustibles (paper)


- Flammable liquids (solvents and other fuels)


- Energized electrical equipment (equipment plugged   
into an energy source)


- Energized electrical equipment (equipment plugged   
into an energy source)


Each class of fire requires a different approach to 
emergency planning  and potential extinguishment. 







Fire – Sources of Ignition


There are many potential ways in 
which a fire may start in a lab:


- Electricity


- Open flame


- Mechanical


- Chemical reactions


- Static electricity 







Fire Prevention: Emergency Planning


Keeping sources of ignition away from 
potential fuel sources is critical:


- Use appropriate chemical storage cabinets and 
never store  or use flammable liquids near 
open flame or other ignition sources


- Be mindful of where combustible materials  
are stored. Housekeeping should be a top 
priority to minimize fire potential







Fire Prevention: Emergency Planning (Continued…)


Keeping sources of ignition away from 
potential fuel sources is critical:


- Ensure electrical and mechanical 
equipment is in good working condition 
at all times 


- Perform internal lab inspections, part of 
which should include emergency 
planning steps 







Fire Extinguishers 


Lab staff should review their respective 
institutional policies, including selection, use 
and hands-on training of fire extinguishers 


If made available for use, by policy, ensure that 
fire extinguishers are:


- The proper type for the materials used in the lab


- Accessible


- Inspected regularly







Fire – Small, Slow-Spreading, Trash-Can Size 


If it can be done safely, try to secure the fuel source 
or de-energize equipment, if applicable (valve, gas 
line, electrical breaker, etc.)


Use a fire extinguisher (only if your university 
provides training and allows use) or smother the 
fire


- Always keep a clear path to the exit access


Alert people in the lab and call emergency response


Notify your supervisor and follow reporting 
requirements 







Fire - Small (Continued…)


If the fire continues to burn after initial 
attempts to extinguish:


- If possible, close the sash if fire is in a 
chemical fume hood


- Evacuate the lab & shut the door


- Activate the fire alarm & leave the building 
using exit stairs 


- Meet in a designated location to account for 
everyone


- Notify emergency responders on scene and 
provide any relevant information







Fire – Major Fire


Fires that spread rapidly are potentially 
very dangerous, may rapidly produce 
flames and large quantities of toxic gases 
and smoke. 


Never attempt to fight a major fire 
(generally characterized as larger than a 
trash can in size or requiring more than 1 
fire extinguisher).







Fire - Major


Steps to take in a major fire:


- If possible and can be done safely, close 
the sash if fire is in a chemical fume hood


- Evacuate the lab & shut the door


- Activate the fire alarm & leave the building 
using the exit stairs


- Meet in a designated location to account 
for everyone


- Notify emergency responders on scene 
and provide any relevant information 







Clothing on Fire


If a lab member’s clothes are on fire, 
quick response is essential:


- Get them to an emergency shower 
immediately 


- If no shower is available, have the 
person, “Stop, Drop and Roll”


- Call for emergency assistance and 
provide aid 







Pyrophorics in a Lab


Pyrophoric materials require special emergency 
planning procedures due to their increased 
hazard:


- This includes written SOPs


- PPE specifically selected for use 


No one should work alone with these materials


Follow steps in previous slide for response if 
pyrophoric material comes into contact with 
clothing 







Hazardous Materials Spills


Chemical, Biological, Radiological







Spills 


There are several types of spills that potentially 
require emergency response:


- Chemical


- Biological


- Radiological 







Spills (Continued…) 


As with all emergencies, spills in the lab require 
planning and practice:


- Prevention is key – use secondary containment! 


- Ensure spill kits are adequately stocked


- Provide training for proper use of spill kit 
materials







Spills – Observation Before Action


For all spills, observation before 
action is essential:


- Clear all persons from the area of 
the spill


- Check for personal exposure- treat 
as necessary


- Determine the severity of the 
incident to determine if it is minor 
or major and respond to the type of 
spill accordingly







Chemical Spills – Response kits


Each lab should have a complete spill response  kit:


- Should contain Personal Protective Equipment (PPE), 
neutralizers and absorbent materials (enough to deal 
with a spill from the largest containers in the lab)


- Absorbents must be compatible with the chemicals in 
use in the lab


- If mercury is in use, a mercury spill kit is also essential 


- Should be located in an accessible area


- Should be checked regularly to ensure fully stocked 







Chemical Spills – PPE in Spill Kits


Must be adequate for materials in use in the lab


Must be appropriate for gross contamination
(expected during many chemical spills):


- Splash goggles, not just safety glasses


- Lab coat with sleeves rolled down (or Tyvek suits, 
if necessary)


- Protective (long) gloves, as appropriate for the 
material being handled 


- Note: respirators should only be used by trained 
personnel 







Chemical Spill - Initial Response


Assist contaminated or injured persons.


- Get them to an emergency 
shower/eyewash station and flush for 
15 minutes


Evacuate the area.


Avoid breathing vapors.


Eliminate sources of ignition (for 
solvents).







Chemical Spill - Initial Response (Continued…)


Upright the bottle to prevent further 
spillage, if possible .


Confine the spill to a small area 
using absorbents.


Prevent others from entering area.


Notify emergency responders or 
designated safety representative for 
assistance. 







Mercury Spills


If mercury is used in a research lab, a 
mercury spill kit must be available in the 
immediate work area.


Only attempt to handle incidental, non-
emergency elemental mercury spills. 
Anything else should be considered major 
and handled by emergency response 
personnel .







Biological Spills


Please refer to your institution’s Biological Safety 
Manual (BSM) and guidelines for specific instructions.


Spills/releases of biological agents must be planned 
for in advance, as cleanup will depend on the specific 
agent(s) in question, amount involved, and location:


- Read and understand your lab specific SOP’s


- Know the signs and symptoms of exposure


- Identify nearest eyewash station(s)


- Understand the difference between a minor and major 
spill/release  (per your BSM)







Biological Spills


In general, uncontrolled spills or concentrated 
spills of higher hazard biological material(s) 
should be handled professionally:


- Clear area and contact emergency responders. 
Do not attempt cleanup 


- Decontaminate clothing and exposed skin


- Seek medical  care and follow-up, if exposed


- Contact your Biosafety Officer for follow-up 







Radiological Spills


General radiation spill cleanup will depend 
on the specific material in question. Always 
refer to the institution’s Radiation Safety 
Manual and guidelines. 


For spills involving radioactive material, it is 
important to differentiate between a minor 
and major spill.


Regardless of the size of a spill, your 
institution’s Radiation Safety Officer should 
be contacted immediately.







Summary - For all emergencies


Plan ahead and practice.


Communicate your  emergency 
plans with all lab members.


Ensure emergency contact 
information is current & available.


Establish meeting places, in case 
evacuation is necessary.







Summary - For all emergencies (Continued…)


Understand and follow your 
emergency reporting system.


Learn how to use and respond to 
the warning system(s) in your 
building and campus.


Ensure access aisles and evacuation 
routes are kept clear at all times. 








Fume Hoods
Contact Chapman University EH&S


with any questions on university-specific practices







Objectives


Overview of fume hoods


Types of fume hoods


Fume hood design definitions


Fume hood operating performance and testing


Sound work practices


Other types of fume hoods







Fume Hood Overview


Long ago, alchemists conducted experiments in the 
fireplace hearth to avoid being overcome by heat, 
smoke and foul smelling vapors. 


Today, we use a state-of-the-art fume hood which 
comes in traditional and low flow varieties. 


The traditional types include the conventional, 
bypass and auxiliary air hoods which differ in how 
the air enters the hood with a face velocity 
between 80 to 100 feet per minute (fpm).







Fume Hood Overview (continued)


The primary purpose of laboratory fume hoods is to 
keep toxic or irritating vapors out of the general 
laboratory working area.


A secondary purpose is to serve as a shield between 
the worker and the equipment being used when 
there is the possibility of an explosive reaction, or to 
protect the specimen.


Fume hoods are comprised of the hood itself and a 
sash, which is the front panel of the fume hood that 
can be opened and closed to maximize access and 
minimize airflow.







Specialty Type of Fume Hoods


Two commonly sought out specialty types include 
Radioisotope and Perchloric hoods.


- Radioisotope hood systems are ideally made from 
welded stainless steel to ensure against absorption 
of radioactive materials. In order to comply with 
most licensing requirements, radioisotope hoods 
require a face velocity of 125 fpm.


- Perchloric acid hoods have wash-down capabilities 
to prevent the buildup of explosive perchlorate salts 
within the exhaust systems. 







Types of Fume Hoods


Conventional Hoods
Represent the original and most simple of the hood 
design styles. With a conventional hood, the volume of 
air exhausted is constant, regardless of sash height. Thus 
the face velocity increases as the sash is lowered. 


Bypass Hoods
Have an added engineering feature and are considered a 
step up from conventional hoods. An air bypass 
incorporated above the sash provides an additional source 
of room air when the sash is closed.







Types of Fume Hoods (continued)


Auxiliary Air Hoods
Have attached, dedicated ducts to supply outside air to 
the face of the bypass hood. The main advantage of an 
auxiliary air hood is the energy savings realized by 
reducing the amount of heated or air conditioned room 
air exhausted by the hood. 


Variable Air Volume (VAV) Hoods 
VAVs are the most sophisticated hood types, requiring 
technically proficient design, installation and 
maintenance. The primary characteristic of VAV hoods is 
their ability to maintain a constant face velocity as sash 
height changes.







Types of Fume Hoods (continued)


Ductless Fume Hoods
A conventional hood design, but are self contained to 
recirculate air back into the lab after filtration occurs. 
These hoods use either High Efficiency Particulate Air 
(HEPA) filters or Activated Carbon Filtration (ACF) 
technology to remove contaminants from the hood air.  
Their use is limited to nuisance vapors and dusts that do 
not present a fire or toxicity  hazard.


High-performance Chemical Fume Hoods
Also known as low-flow chemical fume hoods, were 
designed to operate with a lower intake face velocity for 
use with chemicals or radiological agents.







Hood Considerations


All the above fume hood designs and systems have 
their particular shortcomings, but the traditional 
hoods with a higher face velocity can be somewhat 
forgiving if the sash is above design height for a 
limited time. 


The low flow hoods are not so forgiving even with 
the most recent improvements and fail 
containment because they are more vulnerable to 
traffic, placement, number of hoods and sash 
position.







Specialty and Local Lab Exhaust


A walk-in hood is a hood which sits directly on the 
floor and is characterized by a very tall and deep 
chamber that can accommodate large pieces of 
equipment. Walk-in hoods may be designed as 
conventional, bypass, auxiliary air, or variable air 
volume. 


Fume exhaust duct connections, commonly called 
snorkels, elephant trunks or flex ducts, are 
designed to be somewhat mobile allowing the user 
to place it over the area needing ventilation. 







Specialty Lab Exhaust


Canopy hoods are horizontal enclosures having an 
open central duct suspended above a work bench or 
other area. 


- Canopy hoods are most often used to exhaust areas 
that are too large to be enclosed within a fume hood. 


- The major disadvantage with the canopy hood is that 
heat, odor and contaminants can be drawn directly 
past the user's breathing zone. 


- The capture zone for a canopy hood is only a few 
inches below the opening and is best used for 
capturing water vapor or heated air. 







Specialty Lab Exhaust (continued)


Glove boxes are used when the toxicity, radioactivity 
level, or oxygen reactivity of the substances under 
study pose too great a hazard for use within a fume 
hood. 


- The major advantage of the glove box is 
protection for the worker and the product.







Fume Hood Design Definitions


Flammable and corrosive cabinets typically 
comprise the bottom supporting structure of the 
fume hood. 


- They can be vented or non-vented enclosures used 
primarily for storage of flammable or corrosive 
materials. 


- If vented, the flammable storage cabinet is 
connected to the hood exhaust. 


- It is highly recommended that these storage cabinets 
be vented either through the hood or through their 


own dedicated exhaust. 







Fume Hood Sashes


Sash is the term used to describe the movable glass 
panel that covers the face area of a fume hood. 
Sashes can be vertical, horizontal, or a combination 
of the two.







Fume Hood Alarms


Many of the newer VAV hoods are installed with 
alarms, sensors, controls, and gauges. 


Hoods usually go into alarm mode either because 
the sash has been raised to a height at which the 
hood can no longer exhaust a sufficient amount of 
air, the building air exhaust system is not working 
properly, or there has been a power outage.


When a hood alarms, no chemical work should be 
performed until the exhaust volume is increased. 
Additionally, lab workers should not attempt to 
stop or disable hood alarms.







Positioning the Fume Hood


The location of the fume hood affects its efficiency. 


- When a person walks by a fume hood, turbulence can 
be created causing contaminants to be drawn outside 
the hood. Also, if the air diffuser is located directly 
above the fume hood, air turbulence may be created 
causing contaminants to escape into the room. 


- The air flow into the room has an effect on the fume 
hood. All doors should be closed to maintain the 
negative pressure of the lab with respect to the 
corridor. This ensures that any contaminants in the lab 
will be exhausted through the fume hood and not 
escape into the hallway. 







Positioning the Fume Hood


Face velocity is a measurement of the average 
velocity at which air is drawn through the face to the 
hood exhaust. The acceptable range of the average 
face velocity is 60-100 feet per minute (fpm). 


If non-carcinogenic materials are being used, the 
acceptable face velocity for minimally hazardous 
materials is 60 fpm. The ideal average face velocity is 
100 fpm for most operations. 


If using a carcinogen, reproductive toxin, or acutely 
toxic material it is recommended that the face 
velocity range from 60 to 125 fpm. 







MORE IS NOT ALWAYS BETTER.


At velocities greater than 125 fpm, studies have 
demonstrated that the creation of turbulence 
causes contaminants to flow out of the hood and 
into the user's breathing zone.







Periodic Fume Hood Testing


Routine performance testing shall be conducted at 
least annually or whenever a significant change has 
been made to the operational characteristics of the 
hood system.


A hood that is found to be operating with an average 
velocity more than 10% below the designated 
average velocity shall be labeled as out of service or 
restricted and corrective actions shall be taken to 
increase the flow.







OUT OF SERVICE NOTICE.


When taken out of service it shall be posted with a 
restricted out-of-service notice.  The restricted 
use notice shall state the requisite precautions 
concerning the type of materials permitted or 
prohibited for use in the hood.







Fume Hood Tracer Gas Testing


The benchmark velocity is established by ANSI/ASHRAE 
110 Fume Hood Testing Requirements.  


- All new fume hood installations require AI (as installed) 
testing and old and new hoods require AU (as used) 
testing.  


These requirements also standards for permanent air 
flow monitors and proper air sill installation when 
hazardous materials are used inside the hood. 


- A decrease in the average velocity below 90% the 
benchmark velocity and face velocity increases in 
excesses exceeding 20% of the benchmark shall be 
corrected prior to continued use.







Keep Safe Practices


KEEP:


- The hood surface free of 
stored chemicals and 
paper towels/Kimwipes®.


- Instruments 2” above the 
hood surface to allow air 
flow under the 
instrument.


- Work 6” behind the sash 
and do not let items 
block sash closure


- Items from blocking the 
back baffles. 


- The sash AS LOW AS 
POSSIBLE AND ALWAYS 
BETWEEN YOU AND 
YOUR EXPERIMENT when 
working in the hood.


- The sash closed when 
not working in front of 
the hood.







Proper Workplace Practices


Work slowly and remove your arms slowly to reduce 
the creation of eddy currents that may disrupt  the 
containment ability of the hood.


Never use a fume hood as a canopy hood to draw 
away heat.  This will create air flow disruptions.


Never over pack a fume hood; Air must be able to 
flow around objects.


Never use the fume hood to store chemicals.  This 
precludes the hood from being used.  If you must use 
a fume hood for chemical storage, label it is storage 
only with a sign to tell others not to use it for work.







Proper Workplace Practices (continued)


Never stick your face or body head into a fume hood.


Work at least 6 inches back from the face of the 
hood. A stripe on the bench surface is a good 
reminder.


Always use splash goggles and wear a full face shield 
if there is possibility of an explosion or eruption.







Discussion Point – Low vs. Standard Flow


Once VAV hoods were developed, engineers started to look for ways to further decrease the 
amount of air used by fumehoods.  This was further fueled by the growing green movement.  
As a result, a sub class of VAV hoods was developed that took advantages of computer 
modeling to engineer more efficiently coupled fume hoods that required less air for the 
same containment capability.  The physics of air capture is such that while these fumehoods
were better able to capture vapors, they were more sensitive to cross drafts in a rooms.  
Thus a person walking by a fume hood or shutting a door in a room, or a misplaced air 
diffusor, or about a thousand other possible sources of turbulence impacts the ability of a 
low flow hood to contain vapors.  Never the less there are appropriate uses forthese fume 
hoods.


The flow rate of a fumehood directly impacts the expense necessary to run a fumehood.  
When many fumehoods are placed into a space, the cost of exhausting air and conditioning 
makeup air can be considerable.  Thus over time ways have been sought to minimize the cost 
associated with running fumehoods.  While no total agreement is established, 100FPM has 
become the basic face velocity flow rate considered appropriate for a fumehood to contain 
the work inside the fumehood when using flow rather than tracer gas as an evaluating factor.  
This face velocity is called the standard velocity.







Discussion Point – Low vs. Standard Flow


Work in the 1990s lead to the development of the HOPEC style fumehood which has a deeper 
body than the standard fumehood.  This plus improvements in computer modeling allowed the 
design of the so called “low Flow Hood”  This hood was designed to reduce the required air for 
containment from 100FPM to as low as 40FPM while still maintaining containment of the work 
inside the cabinet.  A flow rate of 60FPM has become an unofficial standard for low flow hoods.  
Below 60 FPM cross drafts negatively impact low flow hoods.  These hoods are meant to be 
evaluated using tracer gas and smoke rather than face velocity.


The deployment of low flow hoods is best when the number of fumehoods to be installed in a 
space exceed the amount of make up air normally required for the laboratory itself.  If the 
amount of air that must be discharged from a fumehood does not meet or exceed the amount 
that must exhausted from a space through the normal room exhaust, it will not save any air to 
use a low flow hood.  Hence the more expensive hood will offer no additional value and may 
offer poorer performance and require design compromises in terms of the placement of 
equipment in the laboratory.







Biological Safety Cabinets (BSCs)


In varying degrees, a laminar flow biological safety 
cabinet is designed to provide three basic types of 
protection:


- Personnel protection from harmful agents inside the 
cabinet. 


- Product protection to avoid contamination of the 
work, experiment, or process.


- Environmental protection from contaminants 
contained within the cabinet. 







Biological Safety Cabinets (BSCs)


In varying degrees, a laminar flow biological safety 
cabinet is designed to provide three basic types of 
protection:


- Personnel protection from harmful agents inside the 
cabinet. 


- Product protection to avoid contamination of the 
work, experiment, or process.


- Environmental protection from contaminants 
contained within the cabinet. 







BSC Classifications


Classification Application


Class I Personnel and environmental protection only


Class II Product, personnel and environmental protection


Class III
Sealed cabinet offering environmental and personnel 
protection only







Class II – Type A BSCs
New NSF 


Classification, 
Adopted 2002


Previous NSF Classification General Description


A1 Class II, Type A


• 70% air recirculated; 30% exhausted from 
a common plenum to the room;


• 75 LFPM intake;
• may have biologically contaminated 


positive pressure plenum


A2 Class II, Type A/B3


• 70% air recirculated; 30% exhausted from 
a common plenum to the room;


• 100 LFPM intake;
• biologically contaminated plenum under 


negative pressure or surrounded by 
negative pressure







Class II – Type B BSCs
New NSF 


Classification, 
Adopted 


2002


Previous NSF 
Classification


General Description


B1
Class II, Type 


B1


• 40% air recirculated; 60% exhausted from cabinet;
• exhaust air pulled through dedicated exhaust duct into facility 


exhaust system;
• 100 LFPM intake
• all biologically contaminated plenums are negative to the room or 


surrounded by negative pressure plenums


B2
Class, 


II Type B2


• 0% air recirculated; 100% exhausted from cabinet
• exhaust air pulled through dedicated exhaust duct into facility 


exhaust system;
• 100 LFPM intake
• all contaminated ducts are under negative pressure or surrounded 


by directly exhausted negative pressure ducts or plenums







BSC Protection


Class II 
Protection


From Particulates From Vapors and Gases


Type A1
Type A2


personnel, work 
area (products) and 
environment


• if exhausted to room: none; not for use with vapors and 
gases


• if exhausted to facility exhaust system, protects personnel 
• if exhausted to a treated facility exhaust system protects 


personnel, the work area and the environment


Type B1
personnel, work 
area (products) and 
environment


• offers more protection to personnel and the work area the 
closer the vapor source is located toward rear of work area; 


• (offers protection to the environment if exhausted to 
treated system)


Type B2
personnel, work 
area (products) and 
environment


• offers protection to personnel; 
• (offers protection to environment if exhausted to treated 


system)







Laminar Clean Flow Bench


The laminar flow clean bench is a work bench or 
similar enclosure which has its own filtered air 
supply. 


In recent years, the use of the clean bench, laminar 
flow cabinet or laminar flow hood has spread from 
research and manufacturing to other fields such as 
aerospace, bioscience, pharmaceutical production 
and food processing.  Today, laminar flow clean 
benches are used in a variety of applications 
throughout medical research laboratories, hospitals, 
manufacturing facilities and other research and 
production environments.







Clean Bench Function


The clean bench provides product protection by 
ensuring that the work in the bench is exposed 
only to HEPA-filtered air.


The clean bench is recommended for work with 
non-hazardous materials where clean, particle-free 
air quality is required.


It does not provide protection to personnel or to 
the ambient environment.


It is not designed to contain aerosols generated by 
the procedure; the user is exposed to these 
aerosols.







Laminar Flow Clean Bench Operation







Clean Bench Function


The clean bench provides product protection by 
ensuring that the work in the bench is exposed 
only to HEPA-filtered air.


The clean bench is recommended for work with 
non-hazardous materials where clean, particle-free 
air quality is required.


It does not provide protection to personnel or to 
the ambient environment.


It is not designed to contain aerosols generated by 
the procedure; the user is exposed to these 
aerosols.







Air Cleanliness Classifications


Air Cleanliness Classes, Federal Standard No. 209E


Class 100
Particle count not to exceed a total of 100 particles per cubic 
foot of a size 0.5 micron and larger.


Class 10,000
Particle count not to exceed a total of 10,000 particles per 
cubic foot of a size 0.5 micron and larger, or 65 particles per 
cubic foot of a size 5.0 micron and larger.


Class 100,000
Particle count not to exceed a total of 100,000 particles per 
cubic foot of a size 0.5 micron and larger, or 700 particles per 
cubic foot of a size 5.0 micron and larger.







Discussion Point:  BSCs vs. Fume Hoods


A fume hood is designed to remove chemical vapors, fumes, mists, or particles from the 
workplace and to safely dilute them with enough air so that upon discharge from the 
building they do not present a hazard to the environment.  Some fume hoods may employ 
wash down systems, filtration systems, particle trapping electrostatic systems, or other 
means of scrubbing the air stream prior to discharge.  This works well for non living 
materials.  Biological materials grow and reproduce so that while the concentration of a 
biological material such as a bacteria or virus may be reduced in log concentration by air 
dilution, it may only take a single viron or bacteria to infect a plant, animal, or human outside 
of the work area.  As such, a special type of fume hood called the Bio-Safety Cabinet is used 
that can trap and contain biological organisms and prevent them from reaching the worker 
and the environment.  Some BSC residing in special facilities such as BSL3/4 ABSL3/4, or 
AGBSL-3/4 may even employ a flame system that burns the air before discharge from a 
building.  The types of BSC cabinets are described on the next few slides.  A point to 
remember is that sometimes chemicals must be used in BSC.  In these situations a fully 
vented BSC must be used.












Risk Assessment:
Working Safely in Labs
Contact Chapman University EH&S


with any questions on university-specific practices











Objectives


Define risk assessment


Perform a risk assessment


Evaluate data and determine 
acceptable risk







Working Safely – Risk Assessment


To work safely with chemicals, you have to 
identify the hazards and how to control 
them.


Any experiment involving chemicals 
requires prior planning:


- Helps to determine potential risks


- Aids in selecting safe working practices


This process is called Risk Assessment.







Lab Risk Assessment


A Lab Risk Assessment is nothing 
more than a careful examination of 
what in your lab or operation could 
cause harm to:


- People in the immediate area


- To the facility


- To the environment







What you need to know to get started:


Knowledge of the materials being used and 
their properties


Understanding the principles and 
requirements of the safety programs and 
procedures already in place


Knowledge of the safety features of your 
facility (administrative and engineering 
controls, etc.)







What you need to know to get started: (Continued…)


Knowledge of the medical 
surveillance and medical response 
procedures for each job


Knowledge of institutional 
requirements (including federal, state 
and local laws)







Knowledge of Materials


Possible routes of exposure specific for 
the materials being used, to include:


- Ingestion, injection, inhalation, 
absorption


Chemical hazards:


- Carcinogen, teratogen, poison


Physical hazards:


- Explosive, flammable, corrosive







Knowledge of Materials (Continued…)


Hazard Controls required for the 
materials being used:


- Engineering, Administrative, PPE


Exposure Limits


- Permissible Exposure Limits, Threshold 
Limit Values







Risk Assessment: 5 Steps







Step 1 – Identify Materials in Use


Look for hazards in the process; In this 
case, identifying the chemicals to be used


Consult references/sources for safety 
information, including:


- Safety Data Sheet/Material Safety Data 
Sheets


- Prudent Practices


- Manufacturer


- Safety Professionals







Step 2 - Assess Hazards and Potential Harm


Decide what harm exists from each hazard, 
both from the chemicals and from the 
conditions of their use


Evaluate the properties of the materials 
themselves and under the conditions of use


- Do the hazards change in different states or 
conditions?


Evaluate possible routes of exposure under 
these conditions







Step 3 – Evaluate Risk 


This step is generally the most involved


Evaluate the risk, the existing 
precautions and existing safety 
requirements:


- Acknowledge ‘zero risk’ is not possible


- Many times existing programs or 
requirements will adequately address 
safety concerns, but these should be 
verified


How do we evaluate risk?







Consider the Worst Case Scenario


What is the severity of the worst possible 
situation?


- Death or permanent disability 
(catastrophic)


- Long term illness or serious injury (major)


- Medical attention or time lost from work 
(moderate)


- First aid needed (minor)







Consider the Worst Case Scenario (Continued…)


How likely is it to happen?


- Rare


- Unlikely


- Possible


- Likely


- Almost certain











Identify ‘Acceptable Risk’


Define ‘acceptable risk’ – different things to 
different people/groups


‘Acceptable risk’ is an amount of risk that is 
accepted for an expected ‘reward’


GOAL: Reduce Risk, Maximize Benefit


- Eliminate unnecessary exposure


Striving to reach ALARA - As Low As 
Reasonably Achievable







For Existing Procedures, Ask…


Can you eliminate the hazard?


Can you substitute something less 
hazardous?


Can you change the way the task is done?


Do you have or can you get Engineering 
Controls?


Will you have to use PPE?  Do you have it 
available?  Are you requiring it?







Existing Hazard Requirements 


Consider all existing requirements:


- Lab Safety Plan


- University Safety Plans


- Local Laws, Codes, Standards


- State Laws, Codes, Standards


- Federal Laws, Codes, Standards


Involve local safety professionals for 
thorough review.







Additional Hazardous Influences


Room ventilation 


Availability of containment 
equipment or PPE


Severity of exposure consequences


Nature of exposure


Availability of medical intervention 
strategies







Consider Persons at Special Risk


Inexperienced workers


Visitors


Minors


Women who are pregnant or breastfeeding


Certain medical conditions 


People with mobility issues


People with hearing or vision problems







Step 4 – Document Findings


Include signs and symptoms of exposure 
to materials


Create emergency plans for the material 
hazards and train personnel on how to 
respond


Use this to write Standard Operating 
Procedures 


The RA and the SOP will provide the 
content for lab specific training of 
personnel







Step 5 - Review and Revise


Review and Revise any time experiments, 
chemicals, or procedures change


Review and Revise when personnel change


Review and Revise when regulations or codes 
change


Review and Revise when new hazards are 
discovered about chemicals, equipment or 
processes


Review and Revise annually







Example Risk Assessment


Basic titration experiment – titrate NaOH
and HCl to completion.







(1) Identify Materials


6M HCl diluted to 0.1M


6M NaOH diluted to 0.1M







(2) Assess Hazards and Potential Harm


NaOH (Sodium Hydroxide)


- Corrosive


- Noncombustible Solid, but when in contact with 
water, may generate sufficient heat to ignite 
combustible materials


- Strong Base


HCl (Hydrochloric Acid)


- Corrosive


- Strong Acid


Both require gloves, eye protection, ventilation







(3) Evaluate Risk


Identify places in the experiment 
where there could be splashes, 
spills, inhalation:


- Mixing, dilution solutions


- Preparing the buret


- Carrying solutions around the room


- Titration


Gloves, safety glasses, lab coat and 
secondary containment should 
address these concerns







(4) Document Findings


This can be a separate write up or a 
completed form, showing which 
hazards were identified and how 
they were addressed







(5) Review and Revise


Basic procedure for titration may 
need to be updated to address 
different solutions or different 
concentrations.







Summary


Risk Assessments are required for all 
processes, to determine what, if any, 
hazards are present and how to 
control them.







Summary (Continued…)


Risk Assessment is a five step process:


- Identify materials in use


- Assess the hazard and possible harm


- Evaluate the risk versus benefit from the 
hazard or harm in its worst case


- Document the assessment, the needed 
controls, and the evaluation


- Review and revise regularly and when 
things change








Laboratory Hazards


Contact Chapman University EH&S
with any questions on university-specific practices







Hazard vs. Risk


• Hazard – an inherent (built-in) property of a 
material


• Risk – the extent to which that material can 
cause harm


• One can reduce and/or remove risks 
associated with a hazardous material, but you 
can not remove the underlying hazard itself


– Unless you get rid of the hazardous material







I. Definition of a “Hazard”


• As assigned by OSHA Standard 1910.1200


• A hazardous chemical is one which is a 
physical or health hazard


• Physical Hazards are one of two major classes 
of hazardous materials covered by OSHA.  
– The other major hazard class is Health Hazards  


– Various types of physical hazards and 


– What you need to know to use these materials 
safely and effectively. 



http://www.free-training.com/osha/hazcom/Phaz/Def45.htm





Hazards


• Physical Hazards - substance for which there is 
valid evidence that it is combustible, 
compressed, explosive, flammable, oxidizer, 
pyrophoric, unstable or water (moisture) 
reactive.


• Non-chemical related physicals hazards are 
factors within the environment that can harm 
the body without necessarily touching it. 
– Noise is an example of a physical hazard.







Physical Hazards 


• Other Examples of non-chemical physical 
hazards:


– Heat and Cold


– Radiation


– Noise


– Ergonomics


– Vibration







II. Categories of Physical Hazards 


• Fire 


• Explosion


• Chemical Reactivity







Fire & Explosion Hazard


• For hydrogen, oxygen, methane, acetylene
• Hydrogen – when vaporized and ignited, releases 30 times 


the energy of an equal weight of TNT


• Liquid oxygen makes combustible materials 
burn much more quickly and violently


• Liquid inert gases, such as liquid nitrogen or 
helium, are capable of condensing oxygen 
from the atmosphere and causing oxygen 
enrichment in unsuspected areas.







Fire & Explosion Hazard


• Improper labeling, handling or storage of 
certain material can pose contribute to the a 
risk of fire or explosion


• Every workplace should have an evacuation 
plan for getting people out of a building in 
case of fire and an alarm or alert system to 
quickly inform employees of an emergency


• Every worker should be trained on what to do 
in case of an emergency







Explosives
• A substance or mixture of substances that, when initiated by 


heat, light, friction, impact, or detonation undergoes a rapid 
chemical reaction, giving off large volumes of hot gases and 
are typically accompanied by fires


• Explosives may detonate – create a high pressure wave


• Explosives may deflagrate – rapid decomposition of explosive 
with little to no high pressure wave


• Many of these compounds become more sensitive as they age 
or dry out


• May be regulated by the U.S. Bureau of Alcohol, Tobacco, 
Firearms & Explosives (ATF)







Explosives


• Examples:


– Hydrogen and Chlorine will react violently in the 
presence of light


– Acetylides,  Azides, Organic Nitrates, 
Nitrocompounds and Peroxides are all shock 
sensitive


– Picric acid and Picryl Chloride should be kept 
damp







Explosives
• Criteria


* Unstable explosives are thermally unstable and/or too sensitive 
for normal handling, transport and use.
** This comprises substances, mixtures and articles which are 
manufactured with a view to producing a practical, explosive or 
pyrotechnic effect.


Category Criteria


Unstable* explosives 
or explosives of 
Division 1.1 to 1.6


For explosives of Divisions 1.1 to 1.6, following are the core set 
of tests that need to be performed:
Explosibility:  according to UN Test Series 2. Intentional    
explosives** are not subject to UN Test series 2.
Sensitiveness:  according to UN Test Series 3
Thermal stability:  according to UN Test 3(c)
Further test are necessary to allocate the correct Division.







Explosives


* Applies to substances, mixtures and articles subject to some regulatory purposes (e.g. 
transport).


Unstable 
Explosive


Division 
1.1


Division 
1.2


Division 
1.3


Division 
1.4


Division 
1.5


Division 
1.6


Symbol Exploding 
bomb


Exploding 
bomb


Exploding 
bomb


Exploding 
bomb


Exploding 
bomb; or 1.4 
on range 
background
*


1.5 on 
orange 
backgroun
d*


1.6 on 
orange
backgroun
d*


Signal 
word


Danger Danger Danger Danger Warning Danger No signal 
word


Hazard 
statement


Unstable 
Explosive


Explosive; 
mass 
explosion 
hazard


Explosive; 
severe 
projection
hazard


Explosive; 
fire, blast 
or 
projection 
hazard.


Fire or 
projection 
hazard


May mass 
explode in 
fire


No hazard 
statement







Reactive Chemicals
• Include those which are:


– Inherently unstable and susceptible to rapid 
decomposition


– Capable of reacting alone or with other substances in 
an uncontrolled manner, liberating heat, toxic gas or 
leading to an explosion


• The hazards of reactive chemicals must be 
understood and they should be handled carefully
– Some chemicals can create violent explosions with 


only milligram quantities







III. Fire Hazards


• Combustible liquid


• Flammable liquid


• Flammable aerosol


• Flammable gas


• Flammable solid


• Oxidizer Pyrophoric







Combustible Liquid


• OSHA defines as,


– “any liquid having a flash point > 100oF, but below 
200oF, except any mixture having components 
with flashpoints of 200oF, or higher, the total 
volume of which make up 99% or more of the 
total volume of the mixture.”







Flammable Liquid


• OSHA defines as,


– “A liquid having a flash point of not more than 
93oC”


– Flammable liquids are classified in one of four 
categories for this class according to the following 
table:







Flammable liquids


Category Criteria


1 Flash point <23oC and initial boiling point <35oC


2 Flash point <23oC and initial boiling point >35oC


3 Flash point >23oC and <60oC


4 Flash point >60oC and <93oC







Flammable Liquids


Elements of a label:


Category 1 Category 2 Category 3 Category 4


Symbol Flame Flame Flame No Symbol


Signal 
Word


Danger Danger Warning Warning 


Hazard 
Statement


Extremely 
flammable 
liquid and 
vapor


Highly
flammable 
liquid and 
vapor


Flammable 
liquid and
vapor


Combustible
liquid







Flammable Aerosol
OSHA defines as, 


– “aerosol dispensers containing a gas compressed, liquefied 
or dissolved under pressure, with or without a liquid, paste 
or powder, and fitted with a release device.” 


– Allows contents to be ejected as solid or liquid particles 
suspension in gas, as a foam, paste or powder or in a liquid 
or gaseous state


– Aerosols can be considered for classification as flammable 
if they contain any component which is classified as 
flammable, i.e.:
• Flammable liquids
• Flammable gases
• Flammable solids
• Examples: smoke, smog, and tear gas







Flammable Aerosols


• Classified in one of two categories on the basis 
of its components:


– Chemical heat of combustion


– Results of the foam test (for foam aerosols)


– Ignition distance test


– Enclosed space test







Flammable aerosols


• Label elements


Category 1 Category 2


Symbol Flame Flame


Signal word Danger Warning


Hazard statement Extremely flammable
aerosol


Flammable aerosol







Flammable Gases


• OSHA defines as,


– “a gas having a flammable range with air at 20oC 
and a standard pressure of 101.3 kPa.”







Flammable gas


Criteria:


Category Criteria


1 Gases, which at 20oC and a standard pressure of 101.3 kPa:
(a) Are ignitable when in a mixture of 13% or less by volume in air; or
(b) Have a flammable range with air of at least 12 percentage points 
regardless of the lower flammable limit


2 Gases, other than those of Category 1, which, at 20oC and a standard 
pressure of 101.3 kPa, have a flammable range while mixed in air







Flammable gas


Elements of a Label:


Category 1 Category 2


Symbol Flame No Symbol


Signal word Danger Warning


Hazard statement Extremely flammable gas Flammable gas







Flammable solids


• Defines as,


– “a solid which is readily combustible, or may cause 
or contribute to fire through friction.”


– Readily combustible solids are powdered, 
granular, or pasty substances which are dangerous 
if they can be easily ignited by brief contact with 
an ignition source, such as a burning match, and if 
the flame spreads rapidly.







Flammable Solids


Examples include:
a. Solids which may cause a fire through friction, such as 


matches


b. Pyrophoric materials, those that can ignite with no 
external ignition source within five minutes after coming in 
contact with air


c. Self-heating materials, those that exhibit spontaneous 
ignition or heat themselves to a temperature of 200oC 
during a 24-hr test period [Spontaneous Combustion]


d. Dangerous when wet material, those that react with water 
to become spontaneously flammable or to give off 
flammable gas or toxic gas at a rate greater than 1 liter per 
kilogram of the material, per hour







Flammable solids


Classified in one of two categories based on the 
following criteria:


Category Criteria


1 Burning rate test:
Substances or mixtures other than metal powders:


a) wetted zone does not stop fire; and
b) burning time < 45s or burning rate > 2.2 mm/s


Metal powders: burning time < 5 min


2 Burning rate test:
Substances or mixtures other than metal powders:


a) wetted zone stops the fire for at least 4 min; and
b) burning time < 45s or burning rate > 2.2 mm/s


Metal powders: burning time > 5 min and < 10 min







Flammable solids


Elements of a Label:


Category 1 Category 2


Symbol Flame Flame


Signal word Danger Warning 


Hazard statement Flammable solid Flammable solid







Oxidizer Pyrophoric


• Literally means “fire-loving”
• These materials can spontaneously ignite in air
• Many are also water reactive, reacting vigorously with 


water or high humidity, often igniting upon contact
• Typically manipulated in an inert (unreactive) atmosphere 


of nitrogen or argon using specialized glassware
• Examples:


– Organometallic reagents such as Alkyllithiums, Alkylzincs, 
Alkylmagnesiums (Grignards) and some finely divided Metal 
Powders


– Specific examples include Diborane, Diethylzinc, tert-
Butyllithium, and Diphosphine







IV. Explosion Hazards 


Compressed gas explosive







Compressed Gas Explosive


Three major groups of compressed gases stored in cylinders: Liquefied, non-liquefied 
and dissolved gases -pressure is commonly given in units of kPa (kilopascals) 
• Liquefied Gases 


– Gases which can become liquids at normal temperatures when they are inside cylinders under 
pressure. 


– They exist inside the cylinder in a liquid-vapor balance or equilibrium. 


• Non-Liquefied Gases
– Also known as compressed, pressurized or permanent gases. 
– Do not become liquid when compressed at normal temperatures, even at very high pressures.
– Examples: oxygen, nitrogen, helium, and argon


• Dissolved Gases
– Acetylene is the only common dissolved gas. 
– Very chemically unstable. Can explode at atmospheric pressure but stored in cylinders at high 


pressures (up to 250 psig at 21oC)
– Acetylene cylinders are fully packed with inert, porous filler (acetone or suitable solvent) in 


which the gas can dissolve. Acetylene in solution is stable.







Compressed Gas Explosives


• Hazards present from accidentally broken or 
leaking valve or from a safety device
– Even at low pressure, gas can flow rapidly from an 


open or leaking cylinder


• Some compressed gases are corrosive
– Can burn and destroy body tissues on contact.
– Some can attack and corrode metals


• Some can be toxic cause various adverse health 
effects 
– Based on the specific gas, concentration, length of 


exposure and route of exposure







Compressed gas explosives


• Slight temperature/pressure increase, or mechanical shock, 
can produce unstable chemical reactions
– Polymerization or Decomposition 
– May result in fire or explosion
– Examples: 1,3-butadiene, Methyl Acetylene, Vinyl Chloride, 


Tetrafluoroethylene and Vinyl Fluoride


• Oxidizing  gases can react rapidly and violently with 
combustible materials  such as 


1. finely-divided metals 
2. organic (carbon-containing) substances or 
3. other oxidizable substances and fire or explosion can result
– Fires in atmospheres enriched with oxidizing gases are very hard 


to extinguish and can spread rapidly







Compressed gas explosives
Criteria as determined below:


Group Criteria


Compressed gas A gas which when packaged under pressure is entirely gaseous at -
50oC; including all gases with a critical temperature < -50oC


Liquefied gas A gas which when packaged under pressure, is partially liquid at 
temperatures above -50oC. A distinction is made between:
a) High pressure liquefied gas: a gas with a critical temperature 


between -50oC and +65oC; and
b) Low pressure liquefied gas: a gas with a critical        


temperature above +65oC


Refrigerated
liquefied gas


A gas which when packaged is made partially liquid because of its 
low temperature.


Dissolved gas A gas which when packages under pressure is dissolved in a liquid 
phase solvent







Compressed gas explosives


Elements of a label:
Compressed 
gas


Liquefied gas Refrigerated 
liquefied gas


Dissolved gas


Symbol Gas cylinder Gas cylinder Gas cylinder Gas cylinder


Signal word Warning Warning Warning Warning


Hazard 
statement


Contains gas 
under 
pressure; may 
explode if 
heated


Contains gas 
under 
pressure; may 
explode if 
heated


Contains 
refrigerated gas; 
may cause 
cryogenic burns 
or injury


Contains gas 
under pressure; 
may explode if 
heated







V. Reactive Hazards 


• Organic peroxide


• Unstable (reactive)


• Water-reactive 







Organic Peroxides


• Organic peroxides are both fuels and oxidizers in 
one


• Organic peroxides are extremely sensitive to 
shock, heat, friction, strong oxidizers and 
reducing agents


• Some materials form peroxides when exposed to 
air or light 
– On example - Ethers


– Date these containers when new and dispose within 
six months







Organic peroxides


• Liquid or solid organic substances which contain 
the bivalent -0-0- structure, may be considered 
derivatives of hydrogen peroxide


• Thermally unstable, may undergo exothermic 
self-accelerating decomposition


• May have one or more of the following 
properties:
– Be liable to explosive decomposition
– Burn rapidly
– Be sensitive to impact or friction
– React dangerously with other substances







Organic peroxides 


Elements of the label:


**should be considered for properties belonging to other hazard 
classes.


Type A Type B Type C & D Type E & F Type G**


Symbol Exploding 
bomb


Exploding 
bomb and 
flame


Flame Flame *There are no 
label


Signal word Danger Danger Danger Warning elements 
allocated to


Hazard 
statement


Heating 
may cause 
an 
explosion


Heating may 
cause a fire 
or explosion


Heating may 
cause a fire


Heating may 
cause a fire


this hazard 
category.*







Unstable (Reactive) Materials 


• These chemical are unstable and may decompose 
spontaneously


• Decomposition may be from contact from air, water, or 
other chemicals


• May ignite spontaneously when exposed to oxygen or 
moisture in the air (while < 130 degrees)


• These must be stored under water, mineral oil, or an inert, 
dry atmosphere depending on the substance


• Examples:
– Diazomethane, Butadiene, Polymerization Reactions, Highly 


Nitrated Compounds
– Phosphorous, Titanium Dichloride, Tributylaluminum, Lithium 


Hydride







Water Reactive 


• Water reactive chemicals react violently with 
water


• Many produce hydrogen gas that can ignite when 
mixed with air


• Others give off large amounts of heat when 
mixed with water


• Contact with the skin can cause severe thermal 
and alkali burns


• Examples
– Alkali Metals, Organometallic Compounds, some 


Hydrides, Strong Acids and Bases







MSDS Relevance
• Material safety data sheets provide the necessary 


information to understand and deal with 
potential hazards associated with a particular 
substance


• Read carefully before using a hazardous material 
for the first time or any time you are unsure 
about the hazards or necessary precautions


• Help to reduce the risks associated with the 
materials in your workplace


• MSDS’s are only required for materials that are 
hazardous








Personal Protective Equipment (PPE)
Contact Chapman University EH&S


with any questions on university-specific practices











Objectives


Overview and definition of PPE


Safety data sheets


Types of PPE


Appropriate selection and use







Personal Protective Equipment (PPE)


One line of defense for lab workers is personal 
protective equipment (PPE). 


Proper selection of PPE is crucial since one type of 
PPE will not work with all types of hazards.







Overview


Personal protective equipment can take many 
different forms.  


Personal protective equipment typically consists 
of safety glasses, goggles, lab coats, long pants, 
a long-sleeved shirt, closed-toe shoes, and 
gloves.


Personal protective equipment presents a 
barrier between you and the hazardous 
substance or situation you may have to work 
with in a laboratory. 







Safety Data Sheet


The SDS (Safety Data Sheet) for a particular 
hazardous material will cite general PPE 
requirements. 


Information on PPE compatibility with certain 
chemicals and/or breakthrough times may be 
found, in some cases, at the manufacturer’s 
website.


Always check that the PPE is in good condition 
before wearing it. Look for damage, wear/tear 
and compromised areas before donning.







Eye Protection


Safety glasses with side eye shields, splash 
goggles, and full-face shields offer varying 
degrees of protection against splattering 
chemicals and airborne objects. 


Eye and face protection is required to be 
American National Standards Institute (ANSI) 
approved.







Goggles vs. Face Shield


Wear safety glasses with side eye shields when 
there is a splash hazard with a small quantity of 
a hazardous chemical. Examples include, when 
opening or closing a bottle or popping open a 
microfuge tube.


Wear goggles when you are handling a chemical 
that is highly caustic or in a larger volume, 
perhaps a liter or more.


Wear face shield when you are handling a very 
large volume of a hazardous chemical or when 
you need to protect your face and your eyes. 







Hand Protection


Proper protective gloves should be worn whenever 
working with chemicals.


No gloves material is impermeable to all chemicals, 
therefore, the most effective practice in using 
protective gloves is to change them frequently and 
whenever they are contaminated.


Inspect your gloves each time you put them on and 
look closely for holes.


Different types of gloves are required for different 
hazards. Always make sure you are using the proper 
protection for the hazard.







Choose the Correct Gloves


Special gloves that provide a higher degree of 
resistance should be used when contact with 
hazardous chemicals is unavoidable, however, contact 
time should be limited.


Ask for guidance from your safety program when 
selecting a glove type for handling chemicals that 
could cause adverse health effects through skin 
absorption.


Always wash your hand thoroughly with soap and 
water before changing into fresh gloves, and after 
working with any hazardous substances.











Skin and Body Protection


Skin and body protection should include:


- Laboratory coats


- Long Pants


- Loose-Long-sleeved shirt


- Closed-toe shoes


- Aprons (when handling acid)


- Chemical resistant sleeves 


- Tyvek suits 


- Coveralls











Reference Information


For more resources in regards to glove 
selections for a specific chemical hazard, 
please review the CDC's - Protective 
Clothing guidance document.



http://www.cdc.gov/niosh/topics/protclothing/






Radiation Safety
Contact Chapman University EH&S


with any questions on university-specific practices











Objectives


Administrative Review


Radioactive Waste


Radiation Incidents


Contamination Surveys & Postings


Radiation Source Security


ALARA







Administrative Review


Use  and possession of radioactive materials 
or radiation producing devices
is governed by the Nuclear Regulatory Agency 
and Agreement States.


To determine if your state is an Agreement 
State or Non-Agreement State, visit
the Directory of Agreement State and Non-
Agreement State Directors and State Liaison 
Officers.







Administrative Review (Continued…)


Specific regulations and policies are 
published in order to guide radiation 
programs.


Visit the NRC Regulations Title 10, 
Code of Federal Regulations for 
complete federal rules. 







Administrative Review (Continued…)


This training is meant to offer an 
overview of radiation safety in 
research facilities.


It is not meant to replace site-specific, 
research-specific training offered by 
individual institutions.







NRC License
NRC's regulatory process has five main components:


- Developing regulations and guidance for our applicants and 
licensees 


- Licensing or certifying applicants to use nuclear materials or 
operate nuclear facilities or decommissioning that permits 
license termination 


- Overseeing licensee operations and facilities to ensure that 
licensees comply with safety requirements 







NRC License (Continued…)


NRC's regulatory process has five main 
components:


- Evaluating operational experience at licensed 
facilities or involving licensed activities 


- Conducting research, holding hearings to address 
the concerns of parties affected by agency decisions, 
and obtaining independent reviews to support our 
regulatory decisions







NRC Regulatory Process Overview







Agreement State Licensing


Agreement States, have entered into 
agreements with NRC that give them 
the authority to license and inspect 
byproduct, source, or special 
nuclear materials used or possessed 
within their borders. 







Agreement State Licensing (Continued…)


Any applicant, other than a Federal 
agency or Federally recognized 
Indian tribe, who wishes to possess 
or use licensed material in one of 
these Agreement States should 
contact the responsible officials in 
that State for guidance on preparing 
an application. These applications 
should be filed with State officials, 
not with NRC.







Isotope Ordering


Radioactive material purchasing is 
governed by the institution’s license 
for the use of radioactive materials.


Procurement of all radioactive 
materials requires different levels of 
authorization and accountability, 
based on each institution’s license 
and safety programs. 







Isotope Ordering (Continued…)


Institutions establish programs to 
review uses, storage and disposal of 
radioactive materials.  Often, 
specific researchers, laboratories, or 
departments may only be 
authorized obtain and use 
radioisotopes specifically listed in 
his/her currently approved protocol 
authorization.







Isotope Ordering (Continued…)


Place the package is a secure location and 
open only after proper safety and 
contamination inspections have been 
completed (swipe tests, meter survey, 
inventory control mechanism). 


This safety inspection documentation should 
be maintained for compliance purposes and 
available for review from outside regulatory 
agencies.







Isotope Shipping


Shipments of radioactive materials must 
meet the proper shipping and handling 
specifications under U.S. Department of 
Transportation or IATA. Next line


All shippers shall have a current Shipping 
Certification prior to shipping radioactive 
materials (Example: FedEx has a web-
accessible Hazardous Material Shipping 
Guide)







Isotope Shipping (Continued…)


Proper shipping of these materials often 
requires special considerations.  For shipping 
information, consult the DOT Radioactive 
Material Regulations Review.







Radioactive Waste







Radioactive Waste


All radioactive wastes from research 
laboratories shall be disposed of with efforts to 
minimize the hazards to personnel, property or 
community


Each researcher must ensure, prior to the 
procurement of any radioactive materials, that 
a satisfactory waste disposal method exists and 
proper receptacles are in place 







5 Categories of Radioactive Waste


(1) Solids


- Absorbent padding


- Protective coverings and Plastic/rubber gloves


- Tubing


- Glassware


- Plastic, Paper and Metal, 


All items above have become contaminated 
during research protocols and contain little to no 
liquid by volume.







5 Categories of Radioactive Waste (Continued…)


(2) Liquids


- Solutions, buffers and rinses, that have become 
contaminated during research activities.


- Liquid radioactive waste consists of aqueous or 
organic materials which must be segregated.


- These wastes should also be segregated 
according to your institution’s safety guidelines.


- Best practices indicate no radioactive waste is to 
be disposed via the sanitary sewer or sink







5 Categories of Radioactive Waste (Continued…)


(3) Liquid Scintillation Waste


- Segregated from other  liquids


(4) Biological/Animal Carcass


- Biologically active or remains of
animals which have been subjected to radioactive 
material protocols.


- These include animal carcasses, pathological 
waste, microbiological waste, etc.


- These wastes may be frozen.







5 Categories of Radioactive Waste (Continued…)


(5) Sharps/Broken Glass


- Sharp objects or broken glass that have become 
contaminated during research protocols.


- These may include needles, razor blades, Pasteur 
pipettes, broken glass, etc.


Waste containers must be properly labeled to 
identify the contents.


Waste containers must be shielded to keep dose 
rates below 2 millirem per hour.







Radiation-Related Emergencies







The following may constitute an incident or emergency:


Loss or theft of any radioactive material or 
radiation-producing device


Personnel contamination that cannot be 
removed after two gentle washes with warm 
water and mild soap


Removable contamination in unrestricted 
areas such as hallways, offices and vehicles 
which exceed the regulatory limits







The following may constitute an incident or emergency: (Continued…)


Intake of radioactive material by inhalation, 
ingestion, skin absorption, or injection through 
the skin or wound


Accidental or unmeasured releases of 
radioactive material to the environment


Potentially high radiation exposure to an 
employee or member of the general public







Emergency Action Plans


Radioactive material spills in a 
laboratory setting can be classified 
as minor or major incidents.


Major incidents are those, which 
may cause an external dose in 
excess of 5 rem to the entire body. 







Emergency Action Plans (Continued…)


Lab personnel should prepare for incidents by establishing 
an emergency action plan which includes the following 
elements:


- Preparation of a spill kit with supplies suitable for 
decontamination efforts(i.e., paper towels, cleaning agents, 
disposable gloves, etc.) 


- An understanding of how personal injuries will be handled, 
the location of first aid supplies and how to contact the 
proper personnel for emergency medical aid. Life-saving or 
first aid measures should ALWAYS take precedence over 
radiation hazards and decontamination efforts.







Emergency Action Plans (Continued…)


- A knowledge of how to assess the severity of the incident 
and what the  proper reporting procedures are for notifying 
emergency response personnel. Call a local emergency 
assistance agency if needed.


- An understanding of how to secure the lab area, perform 
simple decontamination procedures correctly and complete 
written documentation of the survey results. 


It may be necessary to post all lab entrances with a 
warning sign in contamination situations.







Radiation-Related Emergencies


When a radioactive material spill occurs, 
proceed with  caution and notify safety officials, 
if required by your institution, with the following 
information:


- Laboratory location of the spill (building, room 
number)


- Identity of the caller


- Extent and severity of personnel injuries, if any


- Radionuclide(s) involved







Radiation-Related Emergencies (Continued…)


- Amount of radioactive material 
involved (in μCi or mCi) 


- The chemical and physical form of 
the material (for airborne releases 
ALWAYS remove all personnel 
from the lab and have them 
assemble in a common area for 
contamination assessment)







Decontamination Procedures


To clean up a contamination, proceed with caution 
and do the following:


- Wear proper PPE and dosimeter prior to 
decontamination.


- Using absorbent material, clean the spill from the 
outside perimeter of a spill area toward its center, to 
minimize the contamination.  Dispose of all cleaning 
materials in the proper radioactive waste receptacle 
and note the spilled amount of the associate log of use 
form.







Decontamination Procedures (Continued…)


- Once the spill is removed, perform swipe tests of the 
area to
ensure all contamination is removed. Keep a copy of 
the results for inspection review.


- If radioactive contamination remains after all 
decontamination procedures are completed, notify 
your safety professionals for further assistance.







Radiation Postings and Surveys







Radiation Postings


Any accessible area in which radiation levels 
could result in an individual receiving a dose in 
excess of 5 millirem in 1 hour at 30 centimeters 
from the source requires signage indicating 
“Caution Radiation Area”.


Radiation workers should also ensure that all 
laboratory equipment and glassware within the 
laboratory is properly labeled to indicate the 
presence of radiation sources. 







Radiation Postings (Continued…)


“No radioactive material beyond this point” or 
“No food or drink allowed in refrigerator” signs 
all serve an informational purpose for staff and 
students. 


Radiation safety regulations require the posting 
of a “Notice to Employees” sign (or similar to) in 
laboratory settings where radioactive materials 
or radiation-producing devices are used. 







Radiation Surveys


Any laboratory storing or using unsealed sources of 
radioisotopes is required to perform direct surveys with 
a portable survey meter and indirect contamination 
surveys known as swipe tests for removable 
contamination. 


A general survey of the entire lab is required if 
radioactive materials are used in experimental work.  
Prudent practices would include surveying storage-only 
areas of a laboratory as well.







Radiation Surveys- Frequency


Prudent practices justify completion of swipe tests 
immediately following radioisotope use. Safety 
offices establish swipe frequencies based on their 
institution and state’s standards.


Required lab contamination surveys that are missed 
for a particular frequency cannot be “caught up” in a 
following interval.







Radiation Surveys – Action levels


As a rule of practice, swipe survey results exceeding 
500 dpm indicate contamination that must be 
reduced below this level.


Direct contamination survey instrument results 
exceeding 3 times the background level must be 
decontaminated below this level.


Any decontamination activities should be 
documented and maintained in the Radiation Safety 
Manual for review during regulatory inspections or 
site visits.







Radiation Security







Radiation Source Security


The security of radioactive materials 
and radiation-producing devices is 
an extremely important issue.


All users of radiation sources are 
required by regulations to take 
active measures that prevent access 
by unauthorized persons to these 
materials.







Radiation Source Security


The practical application of source security involves:


- Locking all entrances to a laboratory whenever 
authorized workers are  absent - otherwise the 
radiation sources must be secured in a locked storage 
area within the lab.


- Inquire about the identity of any unknown persons 
who may enter the laboratory or loiter nearby the 
entrance.







Radiation Source Security (Continued…)


- Only authorized personnel are allowed access to these 
areas with the borrowing of identity cards or “piggy 
backing” being strictly prohibited.







Radiation Source Security (Continued…)


Fingerprints and background checks may 
be necessary to have unescorted access 
to high security areas.


Security site inspections are completed 
on an annual basis for storage areas and 
other identified locations; security in 
labs should be challenged during each 
inspection by Safety representatives.







Exposure and ALARA







Exposure and ALARA


Radiation Safety regulations require the 
use of reasonable procedures and 
engineering controls to achieve minimal 
occupational doses for radiation workers 
and the general public.  


This policy is known as ALARA, which 
stands for As Low As Reasonably 
Achievable.







Exposure and ALARA (Continued…)


An effective ALARA program is only possible when 
all persons involved make a commitment to safety. 
This includes the Radiation Safety Office staff, the 
Radiation Safety Committee, research faculty and 
all radiation workers. 


A practical implementation of the ALARA concept 
involves several aspects, including, but not limited 
to:


- using personal protective equipment


- employing good work practices and contamination 
control measures







Exposure and ALARA (Continued…)


- wearing dosimetry


- using effective shielding and fume hoods


- using radiation survey instrumentation


- observing proper waste disposal procedures


- maintaining written documentation of all survey 
results 


- observing proper lab security measures







Exposure Limits


Radiation Safety personnel should monitor radiation 
worker’s occupational exposure in regards to the Annual 
Occupational Dose Limits and ALARA Action Levels for 
Adult Radiation Workers.


Should a radiation worker reach the ALARA Action level, 
an investigation ensues. ALARA levels should be set by 
each institution, for what is most appropriate for that 
radiation work environment.







Exposure Limits


Applicable Dose Limit Annual Limit (millirem)


Whole Body Dose Equivalent 5,000


Extremity Dose Equivalent 50,000


Eye (Lens) Dose Equivalent (LDE) 15,000







ALARA Action level


Radiation workers who have the 
potential to receive greater than 
10% of their annual limit of 5,000 
millirem dose (i.e., 500 millirem) for 
the whole body may be assigned 
dosimetry.  


Note that 500 millirem is also the 
ALARA action level for whole body 
dose.







ALARA & Pregnant Workers


A sound ALARA program also addresses declared 
pregnant workers.  An individual working with or near 
radiation  sources can voluntarily declare her pregnancy, 
in writing, to safety representatives.


This confidential declaration grants the right to monitor 
the exposure to the worker and fetus during gestation 
through the use of dosimeters and bioassays.  Radiation 
Safety representatives should be available offers an 
information session for an employee declaring a 
pregnancy in order to answer any questions regarding the 
use of dosimetry.







ALARA Policy for Pregnant Workers


The dose limit for a declared 
pregnant worker is 500 millirem for 
the entire pregnancy; fetal 
dosimetry should be provided on a 
monthly monitoring frequency.


Declared Pregnant Workers are 
requested to participate in the 
bioassay program if they are in an 
area using unsealed sources of 
radioactive material.







ALARA Policy for Pregnant Workers (Continued…)


Workers should submit, in writing, a 
declaration directly to the Safety 
representatives to make an official 
pregnancy declaration.


A safety team member should 
schedule a brief meeting to answer 
any questions.







Exposure and Dose Minimization


Decrease work TIME in the vicinity 
of the radiation source.


Increase DISTANCE between 
personnel and radiation sources.


Use proper SHIELDING to ensure 
that the dose rate reading does not 
exceed 2 millirem per hour in an 
unrestricted area.


Reduce the total activity used in an 
experimental protocol.







Exposure and Dose Minimization (Continued…)


Use gloves and protective 
equipment when working with 
unsealed     radionuclides.


Do not consume food or beverages 
within a laboratory area.


Use fume hoods for volatile 
radioactive compounds.


Use proper contamination control 
techniques.







Radiation and Minors


Workers less than 18 years of age are restricted 
to 10% of the annual  Occupational limits for 
adult workers.


Registration and review of minor’s working in 
areas that house or use radioactive materials or 
x-ray producing devices must be completed and 
submitted for review, to obtain approval 
BEFORE any minor begins work with a radiation 
source.







Radiation and Minors (Continued…)


Visiting minors cannot work 
independently with radiation 
sources.


Visiting unapproved minors are not 
allowed to enter lab facilities.







Resources


Nuclear Regulatory Agency


Conference of Radiation Control 
Program Directors


Environmental Protection Agency, 
Radiation Protection


International Atomic Energy Agency


US Department of Transportation





