Standard Operating Procedure

Location: _____________   Principal Investigator: __________________________   Date: ______________


Section 1.
Process, Hazardous Chemical, or Hazard Class – Cryogenic Liquids.


Section 2.
Describe Process, Hazardous Chemical, or Hazard Class.

Cryogenic liquids have boiling points less than -100°F (-73°C).  The most-commonly used gases that are transported, handled, and stored as liquids at cryogenic temperatures are: oxygen, nitrogen, argon, hydrogen, helium, and liquefied natural gas. Three rare atmospheric gases, neon, krypton, and xenon, may also be stored in the cryogenic temperature range (from -238°F (-150°C) to absolute zero) and used in a liquid state.  Cryogenic slush mixtures of dry ice and isopropyl alcohol are also frequently used in cold traps.  
At the temperature extremes produced by cryogenic liquids and their boil-off gases, properties of materials such as strength, thermal conductivity, ductility, and electrical resistance are significantly altered, which may result in otherwise uncommon attributes such as superfluidity, superconductivity, or embrittlement. Cryogenic liquids thus have many applications, including: storage and transport of liquefied gases, food preservation, cryosurgery, rocket fuels, and superconducting electromagnets for particle acceleration.  They are also used in research to condense volatiles from a gas or vapor stream.
Section 3.
Potential Hazards
The primary hazards associated with cryogenic liquids are: fire/explosion, asphyxiation, sudden release of pressure, frostbite/cryogenic burns/hypothermia, and structural embrittlement.  
Fire/Explosion: Oxygen has a higher boiler point (-183°C) than cryogenic liquids such as nitrogen (-195°C), hydrogen (-252.7), and helium (-269°C).  As a result of this disparity, oxygen can be inadvertently condensed out of the atmosphere during the use of these lower-boiling cryogenic liquids, resulting in the creation of highly hazardous oxygen enriched atmosphere that can greatly increase the risk of fire or explosion. Additionally, if a cryogenic liquid is subjected to a large amount of heat input, a flash vaporization can occur, resulting in a boiling liquid expanding vapor explosion (BLEVE).  Liquid oxygen condensation in vacuum traps or from ice plug formation or lack of functioning vent valves in storage Dewars can also pose a serious explosion hazard.
Asphyxiation: Cryogenic liquids have large liquid-to-gas expansion ratios that pose a severe asphyxiation hazard due to their ability to displace oxygen.  For example, an accidental release or overflow of liquid nitrogen (expansion ratio of 694:1 at 20°C) will rapidly boil into a gas state, creating an asphyxiation hazard as victims inhale air with little to no oxygen content, causing immediate collapse into a layer of dense, cold, nitrogen enriched air.  Direct inhalation of gas during the boil-off process can also result in asphyxiation.  Note: Inhalation of air that has been cooled to cryogenic temperatures will also result in immediate lung damage.  The storage of cryogenic liquids in small laboratories, poorly ventilated areas, or other confined spaces greatly amplifies the risk in the event of a release.   

Example: The volume of an 8’ x 10’ room with a 10’ ceiling is 800 cubic feet.  Assuming this space is furnished with common lab furniture and contains typical laboratory equipment, it contains approximately 760 cubic feet of breathable air with 21% oxygen content.  With an expansion ratio of 694:1, a spill of 3½ gallons (13.25 L) of liquid nitrogen will quickly result in enough cryogenic boil-off gas to create an oxygen deficient atmosphere severe enough to cause unconsciousness (approximately 12% O2). 

Sudden Release of Pressure: Sealed containers or closed off piping systems that contain cryogenic liquids can rupture when the cryogenic liquids are allowed to warm to room temperature.  The rupture results as the warming cryogenic liquids change to the gas state and expand, producing enormous pressure within the container or piping system.
Frostbite/Cryogenic Burns/Hypothermia: Cryogenic liquids, boil-off gases, and any surfaces they have cooled can cause tissue damage to exposed skin or eyes in the form of either frostbite or cryogenic burns. Larger-scale releases of cryogenic liquids that boil-off can quickly reduce the temperature in a small or confined space, creating an immediate hypothermia risk.  
Structural Embrittlement: The extreme cold temperatures of cryogenic liquids and boil-off gases can adversely affect the properties of some materials through a phenomenon known as structural embrittlement.  Materials that are normally structurally sound, such as carbon steel, zinc, plastic, and rubber, can become brittle and fail due to thermal stress fracturing when subjected to cryogenic temperatures.  Dissimilar metals that have different coefficients of expansion can also suffer stress fractures when exposed to the extreme cold of cryogens.  Rapid, unanticipated structural failure can pose a severe physical hazard.  
Section 4.
Personal Protective Equipment
The extreme cold and unique properties of cryogenic liquids make strict observance of the use of proper personal protective equipment (PPE) an absolute necessity.  Failure to use proper PPE while working with cryogens will result in severe injury or death.  Note: Notify EH&S (561-297-3129) prior to working with toxic (e.g. liquefied carbon monoxide) or flammable (e.g. liquefied methane) cryogenic liquids.     

Eye/Face Protection: Chemical goggles and a face shield must be worn while dispensing cryogenic liquids.  Never wear contact lenses while working with cryogenic liquids.
Hand Protection: Hands must be protected with insulated gloves that are impervious to the liquid and fit loose enough to be quickly removed in case the liquid becomes entrapped close to the skin.   
Lab Coats/Aprons: A lab coat that can be easily removed must be worn over a long sleeve shirt and long pants without cuffs.  The use of an apron made of non-woven material, such as leather, is also strongly recommended as a secondary form of protection when working with any more than just a few milliliters of cryogenic liquid.  Short sleeved shirts and shorts offer no protection and must not be worn.  
Foot Protection: Closed toed shoes that are impervious to liquid spills must be worn.  Sandals or sneakers/gym shoes offer no protection and must not be worn. 

Respiratory Protection: When carefully used in limited quantities, respiratory protection is not generally required when working with non-toxic cryogenic liquids.  
Section 5.
Engineering Controls
Cryogenic liquids must only be used in well-ventilated areas.  Large laboratory spaces, designed to have 6-12 air changes per hour, are generally acceptable.  Users of cryogenic liquids must always consider the size of the room,  amount of cryogenic liquid they are using, and be mindful of the ability cryogens have to create an oxygen-deficient atmosphere (refer to Section 3 of this SOP).  In some circumstances, an oxygen monitor may be needed as an additional engineering control.  If you require additional assistance please contact EH&S (561-297-3129) prior to working with cryogenic liquids.   
Section 6.
Special Handling and Storage Requirements

The extreme cold of cryogenic liquids, coupled with their ability to displace oxygen, create potentially explosive conditions, and splash readily due to their expansion ratios and rapid boil-off, requires users to take special precautions to avoid injury or death. The vapor that boils off from a cryogenic liquid can pose the same hazards as the liquid itself and also merits a high level of precaution.   

Handling: The following general guidelines must be followed when working with cryogenic liquids:

· Always wear proper PPE while working with cryogenic liquids. 
· Do not handle cryogenic liquids in confined spaces or areas that lack adequate ventilation. 
· Only handle cryogenic liquids and operate experimental apparatus if properly trained.

· Always work with another properly-trained person in attendance or in close proximity.
· Handle containers gently; rough handling can cause serious damage to the container. 
· Limit the amount of cryogenic liquids handled in non-pressurized open containers in laboratory spaces that are not equipped with an oxygen monitor.
· Whenever working with small capacity Dewars, pour cryogens in a fume hood with the sash in position at the correct height to minimize the potential of inhaling boil-off gas.

· Always use tongs to slowly insert objects into cryogenic liquids for cooling.

· Do not use hollow rods or tubes as dipsticks, since liquid could be released from the top of the tube; instead, use solid dipsticks capable of withstanding cryogenic temperatures.
· Never touch items that have been immersed in cryogenic liquid until they have warmed to a safe contact temperature.  

· Never wear watches, rings, bracelets or other jewelry, since they will freeze to exposed skin if splashed by a cryogenic liquid. 
· Purge air out of transfer lines and experimental apparatus before transferring cryogenic liquids.

· Insert transfer lines slowly to minimize boil-off and the resultant pressure increase.

· Transfer cryogenic liquids slowly at low pressure to minimize splashing and boil-off.

· Use proper transfer equipment such as a phase separator or special filling funnel (the top of the funnel should be partly covered to reduce splashing).

· If the liquid cannot be poured, use a cryogenic liquid withdrawal device for the transfer.
· When filling a container, always leave adequate head space to allow for thermal expansion. 

· When hand-carrying small (5L or less) cryogenic liquid containers, ensure the container is your only load, watch for people who may inadvertently bump into you, and ensure the container is carried with both hands or by the container handle, and kept as far away from your face as comfortably and safely possible. 
· Do not use cryogenic liquids in any area where oxygen or hydrogen is stored, handled or used
· Know first aid and emergency procedures prior to handling cryogenic liquids.
Storing: The following guidelines must be followed for cryogenic liquid storage:

· Use containers specifically designed for low-temperature liquids, such as a Dewar. Note: Liquid Dewar flasks are non-pressurized, vacuum-jacketed vessels, similar to a Thermos bottle. Dewars are designed with either loose-fitting caps or pressure relief valves, that prevent air and moisture from entering, yet allows excess pressure to vent.
· Always keep cryogenic liquid containers clean and free of fuels, oils, greases, and other organic materials.  These materials will react violently with cryogens.
· Cover Dewars when the liquid is not being transferred, but do not tightly plug, as warming cryogens will expand and increase the pressure inside the container, which could result in explosion or vessel rupture. 
· Keep Dewars upright and secured in place.  Take precautions to not bump or drop them. Note: Dropping the container can cause partial or complete loss of vacuum.

· Position Dewars so that pressure relief valves and rupture disks vent paths are directed away from personnel, critical equipment or work areas.
· The fill and vent ports of the Dewar should be kept closed at all times to minimize the formation of ice which may plug the pressure relief devices. 
· Ensure Dewars are properly labeled with the identity of the cryogen. 
· Do not mix different cryogenic liquids in the same Dewar. 
· Dewar flasks, which are used for relatively small amounts of cryogenic material, should have a dust cap over the outlet to prevent atmospheric moisture from condensing and plugging the neck of the tube.
· Keep unused containers clean and dry. Moisture, chemicals, and strong cleaning agents may promote corrosion which should be removed promptly. 
· Use water or mild detergent for cleaning, and dry the surface thoroughly. Do not use strong alkaline or acid cleaners that could damage the finish and corrode the metal shell.
· Do not store cryogenic liquids in confined spaces, such as closets or storage rooms, in small labs that are not equipped with an oxygen monitor, or in other areas that lack adequate ventilation.

Transporting (General): While transporting cryogenic liquids, appropriate PPE is required to be worn at all times. In most cases, Dewars that have wheels can be safely moved through labs.  If the Dewar lacks its own wheels and is greater than 5L in size, it must be secured to an appropriate dolly or cart and transported to the area of use.  In either case, care must be taken to ensure the route traveled by the Dewar is obstacle-free.  

Large mobile Dewars should be equipped with a breaking mechanism since they will weigh a considerable amount when full.  Never use your feet to stop a rolling mobile Dewar as this can pose a serious crushing hazard.  Also take care not to pinch arms, hands, and fingers between the vessel and walls or door frames. 
Transporting (via Elevator): Extra care must be taken when moving cryogenic liquid containers between floors on an elevator.  Since the elevator is a confined space with inadequate air flow, the container must be placed on the elevator alone.  All elevator doors from the starting floor to the floor of final destination must be manned to prevent entry by anyone between floors.  The sender should remain outside the elevator, push the button for the desired floor and let the doors close.  Another person should be ready on the receiving floor to take the container off the elevator.  Never transport a pressurized container of cryogenic liquid in an elevator with a person in the car.
Section 7.
Spill and Accident Procedures

In the event of a spill of toxic or flammable cryogenic liquids, evacuate the lab space, closing doors behind you, move to a safe area and immediately call 911.  The following procedures should be followed for non-toxic cryogenic liquid spills and accidents:

Small Spills (<5 L): Small spills will boil-off to the gas state in a few seconds.  As long as these spills occur in a well-ventilated area and no one has been splashed or inhaled boil-off gas, these spills pose little threat.  Small spills should be reported to EH&S so a review of the lab’s standard operating procedures can be conducted.

Large Spills (>5 L): Spills of only a few liters of cryogenic liquid can pose a significant hazard, depending on the ventilation and size of the space where they occur.  In the event of a large spill, immediately evacuate the area and contact EH&S.  In the event that the spill has resulted in an injury, immediately call 911, then notify EH&S. If someone has lost consciousness, do not attempt a rescue on your own. As in the case of a small spill, a review of the lab’s standard operating procedures will be conducted following a large spill.
First Aid:  If cryogenic liquids splash in the face or eyes, boil-off gas is directly inhaled, there is discoloration or blistering of large areas of skin, or if the victim shows symptoms of oxygen deficiency such as disorientation or unconsciousness, immediately call 911.

In the event of minor skin contact, flush the area under warm water and seek further medical assistance if required.  Note: If clothing is stuck to the skin, do not attempt to remove the clothing.  Rinse under warm water until the item and skin are no longer stuck together to avoid causing additional skin damage.   

Refer to the (Material) Safety Data Sheet for additional information specific to the cryogenic liquid in use, and provide this information to attending paramedics or first responders.  
Section 8.
Decontamination Procedures
Since cryogenic liquids boil-off to the gas state, decontamination of equipment is not generally required.   
Section 9.
Waste Disposal Procedures

Never dump cryogenic liquids down drains.  Even small amounts can cause structural damage to sinks and pipes and pose significant rupture and/or explosion hazard.
Coordinate with the cryogenic liquid vendors for the return of unwanted Dewars.  Contact EH&S (561-297-3129) for further assistance.
Section 10.
Material Safety Data Sheet Locations

Material Safety Data Sheets are kept in a binder labeled MSDS in room ____ or may be found on the web at either www.siri.org or www.fau.edu/ehs
Section 11.
Principal Investigator/Lab Manager Approval:



Signature: _____________________________________



Date: _________________________________________
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