STANDARD OPERATING PROCEDURE 

Peroxide Forming Organic Solvents

*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:  

This SOP supports the use of peroxide forming organic solvents. Several laboratory solvents can undergo autoxidation under normal storage conditions to form unstable and potentially dangerous peroxide by-products. This process is catalyzed by light and heat and occurs when susceptible materials are exposed to atmospheric oxygen. Molecular structure is the primary factor relating to a material’s potential for hazardous peroxide formation. Organic peroxide crystals may violently detonate when subjected to thermal or mechanical shock, such as opening a container where crystals have formed on the plug or threads of the lid.

Isopropyl ether (see also Section 9: SPECIAL STORAGE AND HANDLING PROCEDURES) may form explosive levels of peroxides without concentration. Severe peroxide hazard exists after prolonged storage, especially after exposure to air. Test for peroxide formation before using or discard after 3 months. 

The following solvents present hazards for organic peroxide formation upon concentration. Test for peroxide formation before distillation or evaporation. Test for peroxide formation or discard after 1 year. 

	Acetal
	Acetaldehyde
	Benzyl alcohol

	2-Butanol
	Chlorofluoroethylene
	Cyclohexene

	2-Cyclohexen-1-ol
	Cyclopentene
	Decahydronaphthalene

	Diacetylene
	Dicyclopentadiene
	Diglyme

	Diethyl ether
	Dioxanes
	Ethylene glycol ether acetates

	Furan
	4-Heptanol
	2-Hexanol

	Isopropylbenzene
	Methyl acetylene
	3-Methyl-1-butanol

	Methyl-isobutyl ketone
	4-Methyl-2-pentanol
	2-Pentanol

	4-Penten-1-ol
	1-Phenylethanol
	Tetrahydrofuran

	Tetrahydronaphthalene
	Vinyl ethers
	Secondary alcohols



Manufacturers may add an inhibitor, such as butylated hydroxy toluene (BHT), to prevent peroxide formation in these chemicals. BHT acts as an oxygen scavenger in the solvent and prevents it from reacting with the solvent to form peroxides. However, over time BHT can be used up and allow peroxides to form. Distillation of a peroxide forming chemical can eliminate BHT from the solvent and make it immediately vulnerable to peroxide formation.

Organic Peroxide: Chemical that contains the double oxygen or peroxy (-o-o-) group. Some are flammable compounds and subject to explosive decomposition. They are available as liquids, pastes, and solids (usually finely divided powders).


	2.  PHYSICAL &
     HEALTH HAZARDS 


	Peroxide forming organic solvents are generally also flammable and thus primarily pose two physical hazards: fire and explosion. They can also pose health risks and be harmful when ingested, absorbed through the skin, or when vapors 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. 
Peroxide forming organic solvents may have additional hazards associated with them, such as flammable and toxic. Add or delete GHS hazard pictograms accordingly.

[image: Pictogram_Exploding Bomb] [image: ] [image: Corrosion] [image: ] [image: ] [image: ]
     
*Always refer to the Safety Data Sheet for the most detailed information*

· Note: If working with flammable peroxide forming organic solvents such as Diethyl ether, reference the flammable liquids SOP.

· Note: If working with carcinogenic peroxide forming organic solvents such as Butadiene, reference the carcinogens SOP


	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 peroxide forming organic solvents 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: Peroxide forming organic solvent 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. Containers shall be dated when received and opened. 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 lab coat at the minimum. Double gloving with nitrile gloves may be appropriate in many situations and is recommended when working with peroxide forming organic solvents with a toxicity hazard through skin absorption. ANSI approved safety glasses may be appropriate for lower hazard peroxide forming organic solvents or when properly working behind a fume hood’s protective sash. 

When working with high hazard peroxide forming organic solvents with an increased risk of splash or spill exposure (e.g. transfers from a larger container), consider siphon transfer for improved control or additional PPE, such as thick-cut butyl rubber or equivalent gloves, face shield, apron and a flame resistant lab coat when working with highly flammable peroxide forming organic solvents.  Wash hands immediately after handling peroxide forming organic solvents and removing gloves.  

· 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.

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

Always work with peroxide forming organic solvents within a properly functioning, face velocity certified laboratory chemical fume hood.

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

If peroxide forming organic solvents are used outside of a chemical fume hood, 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 Peroxide Forming Organic Solvents must be managed as a Dangerous Waste. Peroxide forming organic solvent 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 oxidizing agents, acids, and bases). 

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 peroxide forming organic solvent wastes down the drain or through evaporation. Do not allow any container to evaporate to dryness.  Triple rinse empty containers with water and dispose of the rinsate as waste. Rinsed glassware may then be disposed of as glass waste. Do not open or move containers which appear to have gross contamination of peroxides. For assistance evaluating dangerous waste collection of peroxide forming organic solvents, contact EH&S https://ehs.wsu.edu/contact-information/. 

Insert lab specific information on peroxide forming organic solvent waste collection procedures, location, storage and handling. 


	7. DESIGNATED AREA    
      INFORMATION

	Peroxide forming organic solvents are stored and dispensed in Building, Room.

Confine all work with peroxide forming organic solvents to 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 peroxide forming organic solvent 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. 

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 peroxide forming organic solvent 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 peroxide forming organic solvent is spilled (it can be cleaned up in 10 minutes) and you have been appropriately trained to clean it up, you may do so.  Trained personnel shall wear nitrile or butyl gloves, chemical splash goggles, and a fully-buttoned lab coat.  

Absorb with an inert dry material and 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 peroxide forming chemical spill cleanup procedures and applicable location specific emergency procedures.


	9. SPECIAL STORAGE     
AND HANDLING    
      PROCEDURES
	· Store peroxide forming chemical containers upright in a designated area such as a flammable storage cabinet or storage cabinet under fume hood designed for chemical storage. Storage area should be a secured, cool and well-ventilated area away from direct sunlight, heat, sparks, flame, or other sources of ignition. Storage under nitrogen may be advisable in some cases.

· If storage space allows, designate a single storage area for all peroxide formers to avoid “forgetting” one.

· Store in tightly closed original container until ready for use. Containers should be in good condition and compatible with material. Avoid loose fitting caps and ground glass stoppers.

· Chemical containers should be dated upon receipt and opening and tested periodically for the presence of peroxides. Do not exceed storage time limits. Properly dispose of chemicals that are past their maximum retention times or that are not needed.

· Peroxide forming solvents should be visually inspected for the presence of peroxides. Most organic peroxide forming solvents come in brown (amber) glass bottles. Use a flashlight to light the interior of the bottle and look for these signs that may signify the material is contaminated with peroxides:

1. Hard crystal formations in the form of ice like structures, crystals, solid masses or an obscure cloudy medium signify gross contamination.
2. Wisp like structures floating in a clear liquid suspension signify contamination. 
3. Oily viscous layer signifies contamination.

· Peroxides may be present anywhere in the container, including the bottom of the container, the side of the container, the threaded cap, and the outside of the container.

· Avoid contamination of peroxide forming materials. Do not return dispensed material to stock containers. Do not insert pipettes or other items into stock containers. Do not use rubber stoppers or septa on storage containers. Avoid using metal spatulas and metal stir bars.

· Lab personnel should not open any containers that do not pass peroxide visual inspection, especially if gross contamination is observed, but should contact EH&S for assistance and disposal of chemical (509-335-3041).

· All peroxide forming solvents should be visually checked and tested for the presence of any peroxides prior to drying, distillation or evaporation.

· Purchased uninhibited peroxide formers should be used within manufacturer’s expiration date or used in less than one week if distilled/redistilled by the lab. Always test uninhibited peroxide formers after manufacturer’s expiration date and before and after working with them (e.g. distillation). 

· Test peroxide formers every three months after manufacturer’s expiration date or one year from receipt, whichever comes first.

· Always test peroxide forming solvents before concentrating, such as distilling, rotovapping, recrystallizing, cooling near freezing/melting point. Test solvents in solvent drying systems and stills.

· Never test containers of unknown age or origin. Old bottles may contain concentrated peroxides, or peroxides may have crystallized in the cap threads, which would present a serious hazard when opening the bottle for testing. Contact EH&S for assistance in managing old containers (509-335-3041).

· Test peroxide formers regularly using peroxide test strips from Millipore-Sigma, VWR, or Fisher. Chemicals that test positive for peroxides should be disposed of appropriately as dangerous waste. Contact EH&S for assistance and disposal of chemical (509-335-3041).

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

· Refrigerators or freezers used for the storage of flammable or explosive chemicals shall be designed as “explosion proof”, “intrinsically safe” or “flammable safe”, meaning there are no internal sources of ignition (e.g. internal light, thermostat circuit). Only store peroxide forming chemicals in an explosion proof refrigerator/freezer if recommender by the manufacturer. Low temperatures can cause peroxides to crystallize. 

· Purchase and store smallest quantities needed for experimentation and what can be stored safely in the laboratory. Older material in inventory should be preferentially selected for use before newer material.

· Avoid purchasing uninhibited peroxide forming chemicals whenever possible. Avoid storing inhibited peroxide formers long-term (more than 5 years) as inhibitors are depleted during long-term storage, which can lead to rapid peroxide formation. In addition to BHT, other peroxide forming inhibitors include hydroquinone, diphenylamine, 1-naphthol, stannous chloride, ferrous sulfate, polyhydrophenols, aminophenols, acrylamines, and other phenolic compounds.

Insert additional lab specific information on peroxide forming organic solvent controls.

	STORAGE AND HANDLING PROCEDURES (CONT): Lists of Peroxide Forming Chemicals & Retention Times
	Category I – Explosive peroxides can form under normal storage conditions without concentration – Test or discard after 3 Months.
· Butadiene
· Chlorobutadiene (Chloroprene)
· Divinyl Ether
· Divinyl Acetylene
· Isopropyl Ether
· Tetrafluoroethylene
· Vinylidene Chloride (1,1-Dichloroethylene)
· Potassium Metal (inorganic)
· Potassium Amide (inorganic)
· Sodium Amide (sodamide) (inorganic)

Category II – Explosive peroxides can form through use or storage with concentration (distillation/evaporation) – Test before distillation or evaporation. Test or discard after 12 months.
· Acetal
· Acetaldehyde 
· 2-Butanol
· Cumene (Isopropylbenzene)
· Cyclohexene
· Cyclooctene
· Cyclopentene 
· Diacetylene (Butadiyne)
· Dicyclopentadiene
· Diethylene Glycol Dimethyl Ether (Diglyme)
· Diethyl ether
· Dioxane (p-dioxane)
· Ethylene glycol dimethyl ether (glyme)
· Furan
· Methyl acetylene
· Methyl cyclopentane
· Methyl-isobutyl ketone
· Tetrahydrofuran
· Tetrahydronaphthalene
· Vinyl ethers

Category III – Explosively hazardous due to violent free radical polymerization of the bulk monomer – Test or discard after 12 months.
· Acrylic acid
· Acrylonitrile
· Butadiene
· Chlorobutadiene (Chloroprene)
· Chlorotrifluoroethylene
· Ethyl acrylate
· Methyl methacrylate
· Styrene
· Tetrafluoroethylene
· Vinyl acetate
· Vinyl acetylene
· Vinyl chloride
· Vinyl pyridine



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 Peroxide Forming Organic Solvent 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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