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Standard Operating Procedure 
Laboratory Specific
Peroxide Forming Chemicals - PFC’s
 
Please fill out the form completely.  Print a copy and insert into your

 Laboratory Safety Manual and Chemical Hygiene Plan.

Refer to instructions for assistance.
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Purpose
Chemicals that are susceptible to peroxide formation are ones that typically react with air, moisture or impurities and produce a change in their chemical composition in normal storage.  Certain organic solvents are susceptible to peroxide formation and can become extremely sensitive to thermal or mechanical shock and may explode violently. Peroxides are formed through a spontaneous reaction with oxygen. Simply opening the container can initiate peroxide formation, while light and heat can act to accelerate the process. Unless these materials are properly handled they can pose a serious safety hazard to users and also become dangerous for the EH&S staff during waste pick-up.  

Manufacturers may add an inhibitor to peroxide forming chemicals to counter peroxide formation.  For many peroxide-forming solvents, butylated hydroxyl toluene (BHT) is commonly added.  BHT scavenges oxygen in the solvent and prevents it from reacting with the solvent to form peroxides.  Over time, BHT or other inhibitors in the solvent can become exhausted allowing peroxides to form.  Distilling the solvent can completely remove the BHT or inhibitors and make the solvent immediately susceptible to peroxide formation.

Physical & Chemical Properties/Definition of Chemical Group
Class 1:  These chemicals form peroxides after prolonged storage.  These chemicals should be tested for the formation of peroxides on a periodic basis.

Examples:  Divinyl Acetylene, Divinyl Ether, Isopropyl Ether, Sodium or Potassium Amide, Vinylidene Chloride (1,1-dichloroethylene), Potassium metal

Class 2:  Chemicals that form explosive levels of peroxides when concentrated through distillation, evaporation or exposure to air after opening.

Examples:  Cyclohexene, Cyclopentene, Decalin, Diacetylene (gas), Dicyclopentadiene, Diethyl ether (ether), Dioxane, Ethylene glycol dimethyl ether (glyme), Ethylene glycol ether acetates, Furan, Methyl Isobutyl Ketone (MIBK), Methyl Acetylene (gas), Methyl Cyclopentane, Tetrahydrofuran (THF), Tetralin (tetrahydronaphthalene), Vinyl ethers.

Class 3:  Chemicals which are a hazard due to peroxide initiation of polymerization.  When stored in a liquid state, the peroxide forming potential increases significantly.

Examples:  Acrylic acid, Acrylonitrile, Butadiene, Chlorobutadiene, Chloroprene, Chlorotrifluoroethylene (gas), Methyl Methacrylate, Styrene, Tetrafluoroethylene (gas), Vinyl Acetate,  Vinyl Acetylene (gas), Vinyl Chloride (gas), Vinyl Pyridine, Vinylidene chloride.

Potential Hazards/Toxicity

Potential Health Effects
Eye:
Contact with eyes may cause severe irritation, redness, pain and possible eye burns.  Prolonged exposure to high concentrations of vapor may cause eye damage.  Contact may cause ulceration of the conjunctiva and cornea.  Damage may be permanent.

Skin:
May cause skin irritation.  Prolonged and/or repeated contact may cause dermatitis.  May be absorbed through skin.

Ingestion:
Harmful if swallowed. May cause gastro-intestinal irritation along with nausea, vomiting and diarrhea.  Ingestion of 1 or 2 ounces of ethyl ether may be fatal.

Inhalation:
Inhalation of high concentrations may cause central nervous system effects.  Causes respiratory tract irritation.  Continued exposure may lead to nausea, headache, dizziness, unconsciousness, coma and death.

Routes of Exposure 

May enter the body through all routes of exposure.

Chronic Effects
Prolonged or repeated eye contact may cause conjunctivitis.  Prolonged or repeated skin contact may cause defatting and dermatitis. May cause liver and kidney damage.

Repeated exposures may be habit forming.  Prolonged exposures may result in headache, drowsiness, excitation, and psychic disturbances.  Teratogenic effects are possible.

Aggravation of Pre-existing Conditions

Persons with pre-existing skin disorders or eye problems or impaired liver, kidney or respiratory function may be more susceptible to the effects of this substance.  Alcoholic beverage consumption can enhance the toxic effects of this substance.
Personal Protective Equipment (PPE)

· Nitrile disposable gloves.  Change gloves frequently and when contaminated, punctured, or torn. Wash hands immediately after removing gloves.

· Use chemical safety goggles and/or a full face shield where splashing may occur.

· A laboratory coat should be worn when working with this chemical. Impervious protective clothing, including boots, gloves, long pants, lab coat, apron or coveralls, as appropriate, to prevent skin contact.

· Closed-toe shoes are required at all times when working in the laboratory. Shoes should be conductive and non-sparking.

· Facilities storing or utilizing this material must be equipped with an eyewash facility and a safety shower.

Engineering Controls

· Work in a chemical fume hood is generally required because it can control the emissions of the contaminant at its source, preventing dispersion of it into the general work area.

· Use adequate ventilation to keep airborne concentrations low.
First Aid Procedures

Eye Contact:
Immediately flush eyes with plenty of water for at least 15 minutes, lifting lower and upper eyelids occasionally.  Get medical attention immediately.

Skin Contact:
Wipe off excess material from skin, then immediately flush skin with plenty of soap and water for at least 15 minutes.  Remove contaminated clothing and shoes.  Get medical attention immediately.

Ingestion:
Do not induce vomiting.  If victim is conscious and alert, give large quantities (2-4 cups) of milk or water.  Never give anything by mouth to an unconscious person.  Get medical attention immediately.  Wash mouth out with water.

Inhalation:
Remove from exposure and move to fresh air.  If breathing is difficult, give oxygen.  If not breathing, give artificial respiration.  Get medical attention immediately.

Special Handling and Storage Requirements

· Minimize the quantity of peroxides or peroxide forming chemicals (PFCs) in the lab.

· Try to avoid over ordering of PFCs that will not be used within the allotted time.

· Know the properties and hazards of all chemicals you are using through adequate research and study, including reading the label and MSDS.

· Carefully review all cautionary material supplied by the manufacturer prior to use.

· Store all peroxide forming chemicals in tightly closed, air-impermeable, light-resistant containers, away from heat, light, direct sunlight, static electricity, sources of ignition, oxidizers and oxidizing agents. Segregate these compounds from other classes of chemicals that could create a serious hazard to life or property should an accident occur (i.e. acids, bases, oxidizers, etc.)

· Label each container with the Date Received, and Date Opened.

· Make sure caps are replaced promptly after use.  Store in the original manufacturer’s container whenever possible.  Protect containers from shock, friction, and do not shake.

· Immediately rinse empty containers that once held peroxide-forming solvents.  Do not allow residues to evaporate.  Do not attempt to open or rinse a container of unknown age and history; report these containers to EHS office immediately.

· Never return unused quantities back to the container (contamination).

· Wear proper personal protective equipment, including safety eyewear and face shields.

· Clean up all spills immediately.

· Avoid evaporation or distillation, since distillation defeats the stabilizer added to the solvents.

· If solids or crystals are observed or visibly present on or in the container or lid, or if the chemical shows discoloration, string-like formation, or liquid stratification, DO NOT OPEN OR MOVE THE CONTAINER.  Contact EH&S at extension x2-5528 immediately.

· Routinely test for the formation of peroxides using one of the approved methods.

· Dispose of ethyl ether, and other volatile peroxide forming compounds within 12 months.

· Complete hazardous waste tags for expired, degraded, or unwanted peroxide forming chemicals and take them to the next designated hazardous waste pick-up.

Spill and Accident Procedure 

· Do not attempt cleanup if you feel unsure of your ability to do so or if you perceive the risk to be greater than normal laboratory operators.  Call EH&S office at extension x2-5528 for assistance.

· Isolate the area to prevent the spread of contamination (e.g. close doors to affected area, post warning signs, alert others in immediately vicinity to evacuate or not enter area).  Ventilate area of leak or spill.

· Remove all sources of ignition.

· Absorb material with inert material, then place in suitable container.  Do not use combustible materials, such as saw dust.

· Use water spray to dilute spill to a non-flammable mixture. 

· Wear appropriate personal protection.

· Do not flush down the drain.  Do not let this chemical enter the environment.

· Report all incidents to the EHS office at extension x2-5528

**Report all spills (minor and/or major) to the EHS office.

Spill and Accident Procedure 

Chemical Spill Dial x2-5528
Spill – Help contaminated or injured persons.  Evacuate the spill area.  Avoid breathing vapors.  Eliminate sources of ignition if the chemical is flammable.  If possible, confine the spill to a small area using a spill kit or absorbent material. Keep others from entering contaminated area (e.g., use caution tape, barriers, etc.).  

Small (<1 L) – If you have training, you may assist in the clean-up effort.  Use appropriate personal protective equipment and clean-up material for chemical spilled.  Double bag spill waste in clear plastic bags, label and take to the next chemical waste pick-up.  

Large (>1 L) – Dial 911 (or 951-827-5222 from campus cell phone), and EH&S at x2-5528 for assistance. 

Chemical Spill on Body or Clothes – Remove clothing and rinse body thoroughly in emergency shower for at least 15 minutes.  Seek medical attention. Notify supervisor and EH&S at x2-5528 immediately. 

Chemical Splash Into Eyes – Immediately rinse eyeball and inner surface of eyelid with water for 15 minutes by forcibly holding the eye open.  Seek medical attention. Notify supervisor and EH&S at x2-5528 immediately.

Emergency Procedures
Please note that all laboratory personnel must review the Injuries and Medical Treatment Flipchart that is posted in each laboratory prior to starting work, since the location of medical treatment is dependent on the employment status of the individual as well as the source of funding.    
If the injury is life threatening, call 911 (or 951-827-5222 from a campus cell phone) for transport to: 
Riverside Community Hospital Emergency Services
(951) 788-3000

 (The emergency entrance is located on 14th Street, west of Magnolia St.) 

1. Inform your supervisor and/or department administration.

2. Report all work-related injuries within 48 hours using the Incident Report Form available at http://hr.ucr.edu, or contact Workers’ Compensation (951)827-2636 workerscomp@ucr.edu
3. Report fatalities or major injuries requiring hospitalization for more than 24 hours within 8 hours to Cal/OSHA and EH&S following the directions on the “Report severe Injuries and Fatalities” page of the Injuries and Medical Treatment flipchart.
Additional Reporting requirements for Chemistry and Biochemistry:

a. Notify the Cal/OSHA enforcement unit and the Cal/OSHA Bureau of Investigation listed at the telephone number and e-mail below 

i. Call: Debra Gold (510) 286-7013
ii. E-mail: dgold@dir.ca.gov 

b. Contact UCPD (911) or (951) 827-5222 (from a cell phone) to help secure the scene. Also tell them to contact UCR EH&S.

Decontamination/Waste Disposal Procedure

Drain disposal of chemicals is strictly prohibited. Empty containers of PFC’s can still pose a significant hazard. The containers should be triple rinsed and the first rinsate (first rinse liquid) collected for disposal as hazardous waste immediately after the last amount is removed. After triple rinsing, if the container is deemed to be free of residue, the label must be crossed out or defaced and the container can be discarded into the regular trash. Recycle glass only. 

NOTE: Peroxide Forming Chemicals (PFCs) such as Ethers/tetrahydrofuran should be disposed of within one year from the date of opening or/ within the expiration date which is usually one year. PFC’s which have crossed the expiration date form shock sensitive crystals and might act as an explosive. Dispose of all the expired PFC’s by taking them to the next scheduled EH&S waste pick-up with a recharge of $100 per expired Peroxide Forming Container. Never guess the opening date on PFC containers.  

NOTE: If the PFC containers are too old (say more than 2 years from the date of opening or expiration date), do not handle such containers by yourself. Call x25528 for pick-up from the lab. 

General Hazardous Waste Disposal Guidelines

· Label Waste

· Affix an on-line  hazardous waste tag on all waste containers using the Online Tag Program http://otp.ucop.edu/ as soon as the first drop of waste is added to the container

· Store Waste 

· Store hazardous waste in closed containers, in secondary containment and in a designated location

· Double-bag dry waste using transparent bags 

· Waste must be under the control of the person generating & disposing of it

· Dispose of Waste

· Dispose of regularly generated chemical waste within 90 days 

· Call EH&S at x2-5528 for questions 

· Empty Containers

· Dispose as hazardous waste if it once held extremely hazardous waste (irrespective of the container size) 

· Consult waste pick-up schedule 

· Prepare for transport to pick-up location

· Check on-line waste tag

· Write date of pick-up on the waste tag

· Use secondary containment

· Wear eye protection & closed toe shoes; bring gloves

Material Safety Data Sheet (MSDS) Location

Online SDS can be found at http://www.ehs.ucr.edu/services/msds.html.

Hardcopy AND electronic copy MSDS from the same manufacturer must be available for all PFC’s.

Detailed Protocol
All lab workers who will be using a peroxide forming chemical must review this SOP and sign the associated training sheet.  Lab workers must have specific training on the proper handling of and understand the hazards.

Lab workers using a peroxide forming chemical must demonstrate competence to the Principal Investigator or designee by being able to 1) identify the hazards and list any particularly hazardous handling techniques (use of a schlenck line, rotary evaporator, cannula transfer, extremes of pressure or temperature, etc.), 2) list the foreseeable emergency situations, 3) describe the proper response to the emergency situations, and 4) know the control measures to minimize the risks. 

The research laboratory requires variation in reaction conditions to develop and optimize new chemical or biological transformations. The researcher must seek literature precedent for reaction conditions that have reasonable similarities to new chemistry that is planned with a peroxide forming chemical described in this SOP. The researcher must also consult the PI or designated, experienced research coworker for approval to proceed with chemical or biological transformations that have little literature or local research group precedent. PI approval must also be obtained for significant scale-up of new chemistry or biological transformations.

When working in the lab, a laboratory worker must: 

1)  not work alone 

2)  be cognizant of all of the SDS and safety information presented in this document

3)  follow all related SOPs in the laboratory SOP bank (PPE, syringe techniques, waste disposal, etc. as appropriately modified by any specific information in the SDS information presented in this document)

4) employ < 1 L of peroxide forming chemical in any given reaction (larger quantities REQUIRE the approval of PI or designee)

5)  discuss ALL issues or concerns regarding a peroxide forming chemical prior to its use at the group meeting.

If there is an unusual or unexpected occurrence when using this material(s), the occurrence must be documented and discussed with the Principal Investigator or Lab Supervisor and others who might be using a peroxide forming chemical.  Unusual or unexpected occurrences might include a fire, explosion, sudden rise or drop in temperature, increased rate of gas evolution, color change, phase change, or separation into layers.

____________________________________________________________________

Principal Investigator or Lab Supervisor SOP Approval
Print name: Dr. Robert C. Haddon 

Signature: __________________________


Approval Date: _______________________
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