STANDARD OPERATING PROCEDURE 

Pyrophoric Chemicals

*Delete items in red after you have added all your lab-specific information. Modify general information as needed.

	1.  LAB INFORMATION

	Building: 

Room(s): 

Department: 

Principal Investigator Name: 

Examples of Pyrophoric Chemicals covered by this SOP: 

	Alkyl and Aryl lithiums
	n-butyllithium
	t-butyllithium

	Lithium amides
	Lithium alkoxides
	Alkyl and aryl magnesium halides

	Methylmagnesium chloride
	Allylmagnesium bromide
	Diethyl zinc

	Trimethylaluminum
	Diiosbutylaluminum hydride
	Nickel carbonyl

	Iron pentacarbonyl
	Dichloromethylsilane
	Lithium Al hydride

	Lithium
	Sodium
	Raney Nickel

	Silane
	Diborane
	Phosphine



This SOP supports the use of pyrophoric chemicals, which are chemicals that will ignite spontaneously in air at or below 130 °F (gases) or within 5 minutes of coming into contact with air (liquids and solids). These chemicals are useful to research and many are essential to catalyze certain reactions or are incorporated into final products. Since they are typically packaged and stored under an inert atmosphere, under oil, or within a solvent, appropriate methods must be utilized to preserve the material during storage and while dispensing.


	2.  PHYSICAL &
     HEALTH HAZARDS 


	Pyrophoric chemicals may react violently with oxygen or moisture in the air to ignite spontaneously or produce flammable, corrosive, or toxic gas and heat. They must have limited to no exposure to the atmosphere. Exposure of these reagents to air could result in spontaneous ignition that could cause burns or other injuries to the person handling the reagent or others in the immediate area. Most pyrophorics may also be classified as water-reactives, however, not all water-reactives are pyrophoric. Pyrophoric solids generally smolder before igniting; pyrophoric liquids generally ignite immediately on exposure to air; pyrophoric gases may form jet fires if escaping from a vessel following a mechanical failure.

Released flammable gas (e.g. hydrogen, methane) may form explosive mixtures with air. These mixtures may be ignited through the heat of reaction or other ignition sources, resulting in fire or explosion which may injure people and destroy property.

These chemicals can also pose additional health risks and be harmful when they are ingested, absorbed through the skin, or are inhaled. They can cause skin irritation and eye damage, potentially leading to blindness. Ingestion can cause severe injury to the digestive tract. Inhalation can irritate and damage the respiratory tract including nose, throat and lungs. Other common hazards include corrosivity, teratogenicity, and organic peroxide formation, along with damage to the liver, kidneys, and central nervous system.

Pyrophoric chemicals may have additional hazards associated with them, such as toxic and corrosive. Add or delete GHS hazard pictograms accordingly.
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*Always refer to the Safety Data Sheet for the most detailed information*

Washington State regulations classify solid, liquid or gaseous chemicals which, by interaction with air, are liable to become spontaneously flammable or to give off flammable gases in dangerous quantities as pyrophoric. Chemicals with this hazard will have the GHS pictogram for flammability on their label and safety data sheet and will generally include the following hazard information. 

	Hazard Statement
	Hazard Category
	Signal Word

	Catches fire spontaneously if exposed to air 
	Category 1
	Danger

	Extremely flammable gas 

	Category 1
	Danger



· Pyrophoric chemicals whose primary or only hazard is water reactive or flammable solid will be covered by separate SOPs for those chemical hazard groups. 


	3.   TRAINER / 
      RESOURCE
      PERSONNEL 
	Principal Investigator must guarantee all laboratory personnel receive training on the content of this SOP.

Principal Investigator Name, Building, Room, Phone Number

Secondary contact Name, Building, Room, Phone Number


	4. LOCATION OF  
      HEALTH & SAFETY      
      INFORMATION

	Safety Data Sheets (SDS) for pyrophoric chemicals must be available at all times to all personnel working in the laboratory. The SDS used in this laboratory are located in Building, Room and/or Electronic Location. 

Labeling: Pyrophoric chemicals containers shall either have original manufacturer’s label affixed or a self-made workplace label identifying the contents and hazards of the chemical at the minimum. Chemical abbreviations and formulae should be avoided unless a legend is present in the lab. Write the date received and the date opened on the container. For information on workplace labels, see https://ehs.wsu.edu/ohs-chemhazardcommunication/ohs-workplacelabels/. 


	5. PROTECTIVE      
      EQUIPMENT
	Wear nitrile rubber gloves, ANSI approved chemical splash goggles, and a fully buttoned flame-resistant lab coat (e.g. Nomex) at the minimum. If working with pyrophorics inside a glove box, a normal lab coat may be worn. Double gloving may be appropriate in many situations and is recommended when working with pyrophoric chemicals with a toxicity hazard through skin absorption. ANSI approved safety glasses may be appropriate for lower hazard pyrophoric chemicals or when properly working in a glove box, behind a fume hood’s protective sash or protective blast shield. 

When working in higher hazard situations with pyrophoric chemicals (e.g. syringe/cannula transfers of pyrophoric liquids), consider using additional PPE, such as a cloth apron, face shield and fire-resistant gloves (e.g. Nomex/Leather pilot gloves) may be appropriate to wear over chemical-resistant gloves such as nitrile. Wash hands immediately after handling pyrophoric chemicals and removing gloves. Do not use plastic that can melt and adhere to your clothing/skin in the event of a fire.

· Note: Always consult with your glove manufacturer’s glove compatibility chart to ensure selected gloves are compatible with specific chemical being used.

Full length pants and close-toed shoes are required to be worn at all times. Cotton-based, non-synthetic clothing should be worn.

Insert lab specific information on personal protective equipment required for use. 

Always work with pyrophoric chemicals within a dry-atmosphere glove box or a properly functioning, face velocity certified laboratory chemical fume hood (e.g. Schlenk technique) with sash lowered as far as possible to offer sufficient protection and containment in the event of a violent reaction, and to provide a barrier between the lab worker and the reaction. 

Many pyrophoric chemicals release flammable, corrosive, or toxic gases. Some solid pyrophoric materials are stored under kerosene (or other flammable solvents), therefore, if not using a glove box, the use of a fume hood is required to prevent the release of flammable vapors in the laboratory.

A blast shield is required when there is risk of explosion, splash hazard or highly exothermic reaction. Blast shielding provides additional protection in case of a violent reaction.

Vacuum work involving pyrophoric chemicals must be conducted in a fume hood or isolated in an acceptable manner. Mechanical vacuum pumps must be protected using cold traps, and where appropriate, filtered to prevent particulate release. The exhaust for vacuum pumps must be vented into an exhaust hood. Vacuum pumps should be rated for use with pyrophoric chemicals.

Ventilated compressed gas cylinder storage cabinets with fire suppression system are required for pyrophoric gases. 

An emergency eyewash and emergency shower must be available within 10 seconds travel time and 50 feet where pyrophoric chemicals are used. 

Insert lab specific information on ventilation controls and equipment used to control exposure.

If pyrophoric chemicals are used outside of a chemical fume hood or glove box, respiratory protection may be required which require affected personnel to be medically cleared, fit tested and enrolled in WSU’s Respiratory Protection Program (RPP).


	6. WASTE DISPOSAL    
PROCEDURES
	[bookmark: _Hlk117064462]Waste Pyrophoric Chemicals must be managed as a Dangerous Waste. Pyrophoric chemical wastes should be collected in a compatible container (e.g. a polyethylene container provided by EH&S). Specialized waste containers and/or lids may be required for comingled wastes where reactions may generate heat or pressure. Waste containers should be stored away from incompatible materials (such as aqueous solutions, flammable liquids, oxidizing agents, acids, and bases). 

Pyrophoric chemicals used in chemical reactions must be carefully and completely quenched as part of the experimental procedure before they are collected for waste disposal. Collect the quenched material in a separate container from other wastes. Do not quench unused reagent in original container. Submit unused and unneeded pyrophoric chemicals “as-is” as Dangerous waste.

A completed Dangerous Waste label must be attached to dangerous waste containers before waste is added.  When the container is full or no longer being used, submit an online Chemical Collection Request Form, and deliver to the Waste Accumulation Area Operator (if applicable) at Building, Room, Phone Number. Dangerous waste information and instructions can be found at the following link: https://ehs.wsu.edu/Chemical-Waste/ 

Do not dispose of pyrophoric chemical wastes down the drain or in the regular waste stream. For assistance evaluating dangerous waste collection of pyrophoric chemicals, contact EH&S https://ehs.wsu.edu/contact-information/. 

Insert lab specific information on pyrophoric chemical waste collection procedures, location, storage and handling. 


	7. DESIGNATED AREA    
      INFORMATION

	Pyrophoric chemicals are stored and dispensed in Building, Room.

Confine all work with pyrophoric chemicals to a dry-atmosphere glove box or a properly functioning certified laboratory chemical fume hood.

The designated storage and use area(s) should be shown on the floor plan in your laboratory’s Chemical Hygiene Plan. 

Insert lab specific information on pyrophoric chemical storage and use locations.


	8. DECONTAMINATION
       PROCEDURES

	Upon Accidental Exposure: 
In case of eye contact, flush eyes with copious amounts of water at an emergency eyewash station for at least 15 minutes and seek medical attention.   

In case of skin contact, flush skin with copious amounts of water for 15 minutes and seek medical attention.  For exposure over a large portion of the body, remove clothing and shoes and rinse thoroughly in an emergency shower for at least 15 minutes.  Seek medical attention. If a dry pyrophoric solid is spilled onto skin, brush off as much as possible (if it is not reacting), then flush with copious amounts of water and seek medical attention. Keep in mind that unreacted materials may reignite until they are washed off.

In case of inhalation, move person to fresh air and seek medical attention.  

In case of ingestion, immediately seek medical attention and follow instructions on SDS.

Upon Accidental Release: 
[bookmark: _Hlk117064705]Large Release:  If a significant amount of pyrophoric chemical is spilled outside the fume hood, immediately evacuate, secure area, notify others in the vicinity, and call 911 if there is an immediate threat of fire or the spill is uncontained. If personnel are exposed and need medical attention, call 911. If the spill is contained, secure the area, evacuate and call EH&S at 509-335-3041.

Small Release: If a small amount of pyrophoric chemical is spilled (it can be cleaned up in 10 minutes) and you have been appropriately trained to clean it up, you may do so. Ask for backup from another trained person. Trained personnel shall wear nitrile gloves, chemical splash goggles, and a fully-buttoned flame-resistant lab coat.  

If material is liquid, absorb with an inert material. Do not use combustible materials like paper towels to clean up a spill, as these may increase the risk of igniting the chemical. If material is solid, sweep up carefully with spark-resistant tools and avoid generating dust. Do NOT use water to clean up spilled material. Place material in an appropriate waste disposal container (resealable bag, etc.) and dispose of as dangerous waste (see Section 6: WASTE DISPOSAL PROCEDURES).  

Additional PPE such as respirators may be necessary depending upon material and concentration. You must be medically cleared, fit tested and enrolled in WSU’s respiratory protection program to wear a respirator. If it is necessary to use a respirator and personnel are not cleared to wear a respirator and not trained to appropriately clean up the spill, the employee should immediately evacuate, secure area, and follow the large release instructions above.

Insert lab specific information on pyrophoric chemical spill cleanup procedures and applicable location specific emergency procedures.


	9. SPECIAL STORAGE     
AND HANDLING    
      PROCEDURES
	· Store pyrophoric chemical containers upright in a designated area designed for chemical storage. Storage of these materials under an atmosphere of inert gas (e.g. argon) or under an appropriate liquid is advisable (inside a dessicator or glove box). Storage area should be a secured, dry, cool and well-ventilated area away from moisture/humidity, direct sunlight, heat, sparks, flame, or other sources of ignition. 

· Do not store pyrophoric chemicals with flammable materials or in a flammable-liquids storage cabinet where other flammable chemicals are stored. 

· Store bottles of liquid pyrophorics inside the original metal shipping can, if available, to provide additional protection and secondary containment.

· Store in tightly closed original container until ready for use. Containers should be in good condition and compatible with material. Always reapply lid to container when not actively handling/dispensing chemical. Never leave a container with a residue of a pyrophoric material open to the atmosphere.

· Never return excess chemicals to the original container. Small amounts of impurities may be introduced into the container which may cause a fire or explosion.

· Store pyrophoric chemicals away from aqueous (water-containing) solutions, or near other sources of water such as sinks, water baths, or recirculating chillers. Do not leave containers near sources of water (e.g. sinks, emergency eyewashes) even momentarily.

· Store segregated from incompatible chemicals such as water and aqueous solutions, flammable liquids and materials, oxidizers, acids, and bases (refer to Section 10 of SDS). If storage space is limited, use secondary containment such as a Nalgene/polypropylene tubs. 

· Avoid using ignition sources (e.g. flame burners, hot plates, electrical equipment with damaged wiring, etc.) in areas where pyrophoric chemicals are being used. 

· Identify and eliminate sources of static electricity discharge in areas where pyrophoric chemicals are being used. Clothing, plastic use, and the transfer of materials between containers are all sources of static electricity. The potential for static electricity increases in low humidity environments (e.g. dry rooms).

· Purchase and store the smallest quantities and lowest concentrations needed for experimentation and what can be stored safely in the laboratory. 

· Purchase the least hazardous chemical that will work for your intended use.

· Dispose of expired pyrophoric chemicals appropriately. Dating chemical containers upon receipt and opening is good practice. Many pyrophoric reagents become unstable or more dangerous with age.

· For metals, purchase the largest mesh size that will work for your intended use. Do not order powders if granules will work.

· Do not work alone when handling pyrophoric chemicals. Inform other lab occupants when working with pyrophoric chemicals.

· Keep work area clean and orderly when working with pyrophoric chemicals. Put away unnecessary chemicals and other materials when working with pyrophoric chemicals. Pyrophoric chemicals that ignite can easily consume other materials around it.

· Conduct a “dry-run” of the experiment as appropriate using low-hazard materials, such as water or solvent, before introducing pyrophorics. Review the location of the emergency shower, eyewash, telephone (dial 911), and fire extinguisher(s).

· Ensure your glassware is DRY before assembly and introducing pyrophorics (e.g. dry glassware in oven). 

· Clamp reagent bottle and receiving bottle to prevent them from moving.

· Thoroughly purge all air from the apparatus with the proper inert gas (e.g. argon)

· Ensure syringe is dry and purged with inert gas before using. Never use a syringe at its maximum volume. Maximum withdrawal should be ½ to 2/3rd of syringe capacity. Syringe plungers can quickly pop out near their maximum volume. 

· Syringe method should only be used for handling ≤20 mL of pyrophoric liquid. To transfer more than 20 mL, use the cannula technique.

· Standard dry powder (ABC) type fire extinguisher is recommended. Many pyrophoric chemicals cannot be extinguished using a carbon dioxide fire extinguisher. Sand or soda ash (powdered lime) can be used to smother a fire involving pyrophoric chemicals. Keep a container of sand near the work area. Ensure a Class D fire extinguisher is available where solid metallic pyrophoric chemicals are used or stored. For metallic pyrophoric chemicals, do not use water, foam, or carbon dioxide as a fire suppressant. 

· Pyrophoric gas releases and associated fires should be extinguished by remotely stopping the gas flow. 

· Pyrophoric chemicals can only be handled in fully-sprinklered buildings.

· Personnel must store pyrophoric chemicals in accordance with the International Fire Code (IFC). Contact EH&S with questions (509-335-3041).

Insert additional lab specific information on pyrophoric chemical controls.



							



10. Certificate of Employee Training
The Principal Investigator must certify that they have provided training to lab personnel on the content of this SOP before work with Pyrophoric Chemicals is performed. 
	PI Name
	PI Signature
	Date

	
	
	



The following individuals attest that they have received training from the Principal Investigator on the content of this SOP.
	Name
	Signature
	Date
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