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*Attach description of process that involves the use of peroxide-forming chemicals.*

1.0  Hazards Associated with Peroxide-Forming Chemicals:
Peroxide-forming chemicals are carbon-based chemicals capable of forming potentially explosive peroxide “O-O” bonds.  Peroxide forming chemicals undergo an auto oxidation reaction after being exposed to atmospheric oxygen to form organic peroxides.  These chemicals are shock sensitive and have the potential to explode.  Many peroxide forming chemicals are also flammable. Some examples of laboratory chemicals that are capable of forming explosive levels of peroxides are the following:  diethyl ether, methyl isobutyl ketone, 2-propanol, tetrahydrofuran, dioxanes, and acetaldehyde.
1.  Chemicals that form explosive levels of peroxides without a concentration step such as evaporation or distillation are listed in Section 4.  These chemicals can be hazardous since peroxides can form even without opening the containers.  Therefore, only small amounts should be ordered and used as soon as possible.  After opening, they should not be kept for over 3 months unless tested for peroxides.  The peroxide testing must be documented on the UMass Lowell Peroxide-Forming Chemicals Label.  When possible, store these chemicals under a nitrogen blanket.
2. Chemicals that form explosive levels of peroxides upon concentration are listed in Section 4.  These chemicals typically accumulate hazardous levels of peroxides when evaporated, distilled, contaminated, or have their peroxide inhibiting compounds compromised.  After opening, they should not be kept for over 12 months unless tested for peroxides.  The peroxide testing must be documented on the UMass Lowell Peroxide-Forming Chemicals Label.
3. Chemicals that may auto-polymerize as a result of peroxide accumulation are listed in Section 4.  These chemicals can undergo hazardous polymerization reactions that are initiated by peroxides that have accumulated in solution.  They are typically stored with polymerization inhibitors to prevent these dangerous reactions.  Inhibitors do become compromised over time however, and thus after opening, these chemicals should not be kept for over 12 months unless tested for peroxides.  The peroxide testing must be documented on the UMass Lowell Peroxide-Forming Chemicals Label.  Do not store inhibited chemicals in this category under an inert atmosphere because some of the inhibitors require a small amount of oxygen to work.
When old peroxide chemicals are identified (no barcode, date upon receipt, or unknown history), do not handle and call EHS at extension 42618 for disposal. Some of the chemicals could be too dangerous even to move. A quick look at the containers is helpful in revealing dangerous situations.  (You may use a flashlight as a light source to peer through bottles). If crystals, solid masses, cloudiness, string-like formations, layers, or discoloration are observed, then there are likely very high levels of peroxides and everybody in the lab should be warned not to handle the chemicals. Warning signs should be posted. DO NOT attempt to force open a rusted or stuck cap on a container. DO NOT scrape or scrub glassware or containers with oily or crusty residues that have been used with peroxide-forming compounds. 

2.0  Controls:
2.1  Engineering Controls:
· Identify and use safer chemical alternatives such as chemicals that do not form peroxide crystals.
· Utilize a fume hood, glove box or snorkel when the peroxide-forming chemical is an inhalation hazard.  
2.2  Administrative Controls:
· Do not work alone in the lab.  Implement the buddy system.
· [bookmark: _Hlk214884722]Take the online EHS lab safety training annually located at this link - https://www.uml.edu/eem/ehs/lab-safety/.
· Follow instructions for registering your training after you receive your quiz grade which is step 4 in the instructions.  Without registering your training, you will not receive an email with your EHS lab safety training certificate attached.  You will also not appear in the EHS records for taking this online training so it is very important to follow step 4.
· Attend laboratory-specific training on handling peroxide-forming chemicals.
· Document this training in section 8 of the Chemical Hygiene Plan Notebook.
· Review this SOP and applicable safety data sheets as part of your laboratory-specific training on handling peroxide-forming chemicals.
· Date peroxide-forming chemicals upon receipt and opening on the UMass Lowell Peroxide-Forming Chemicals Label.
· Label areas that contain peroxides so that the hazard is evident.  (Keep open flames and other sources of heat away from the designated storage location.)
· Do not use solutions of peroxides in volatile solvents under conditions in which the solvent might be vaporized because this will increase the peroxide concentration in the solution.
· Inspect containers quarterly to ensure the peroxide former has not expired.
· Conduct monthly peroxide tests once material has reached the expiration date.  (Testing strips are available at www.grainger.com.)
· Purchase only enough material needed to complete an experiment within the chemical’s safe shelf life.
· Do not use metal spatulas to handle peroxides because contamination by metals can lead to explosive decomposition.  Use ceramic, Teflon, or wooden spatulas if it is known that the material is not shock-sensitive.
· Do not use magnetic stirring bars since they can unintentionally introduce iron, which can initiate an explosive reaction or peroxides.
· Store peroxide-forming chemicals in their original manufacturer’s container whenever possible.  (This is very important in the case of diethyl ether because the iron in the steel containers that the material is shipped in acts as a peroxide inhibitor.)
· Order peroxide-forming chemicals with inhibitor added (if it does not interfere with the use of the chemical).
· Place safety shields in front of distillation columns, reaction vessels, and other apparatuses when fire or explosion may occur.
2.3  Personal Protective Equipment:
· Safety glasses
· Safety goggles if splash hazard to the eyes
· Faceshield if splash hazard to the face
· Laboratory Coat
· Appropriate gloves (Refer to a glove compatibility chart and/or contact Kathi Lyon at extension 42746.)
· NOTE:  Gloves must be selected on the basis of their chemical resistance to the material(s) being handled, their suitability for the procedures being conducted as well as temperature extremes.  Improper selection may result in permeation of the chemical through the glove and possible personal exposure to the chemical.
· Closed Toe Shoes and Pants


3.0  Procedure:
1.  Since peroxides tend to form in materials as a function of age, containers should be dated and labeled with the UMass Lowell Peroxide-Forming Chemical Label immediately upon receipt of the organic peroxide forming chemical.  Each container should also be dated when first opened and tested monthly for peroxides once the material reaches its expiration date.
2. During the monthly test, if a peroxide concentration is detected, please contact EEM-EHS for proper disposal.  
a. Note: Grainger instructions indicate that their test strips will detect hydroperoxides and most other peroxides, but some polyperoxides may be poorly detected. Thus use of test strips are not always 100% effective at identifying dangerous levels of peroxides.
b. Peroxide testing strips have a limited shelf life. Refrigeration is not recommended once the container has been opened because water condensing on the strips reduces their effectiveness. The strips should be stored in as dry an environment as possible.
3. Before distilling any peroxide-forming chemicals, the chemicals must be tested for peroxide content.  DO NOT DISTILL if there are any measurable peroxides.  When distilling peroxide forming chemicals, volume reductions should not exceed 80%.  The remaining 20% of the chemical should remain in the distillation column to prevent the apparatus from drying out.  Distilling peroxides to dryness guarantees explosions.  During distillation, the solution must only be stirred mechanically or with inert gas; air or other oxygen-containing mixtures can cause peroxide formation.  Peroxide forming materials without peroxide inhibitors should not be distilled.
4. If a peroxide-forming chemical or container is of unknown age, please check so see if there is a UMass Lowell barcode on the container.  If there is a barcode, please call EHS at extension 42618 to request a date upon receipt for the specific barcode on the container.  
a. DO NOT test for peroxides if the container is of unknown age or history.  Contact EHS at extension 42618 for assistance.
5. If crystals or solid masses are visibly present on or in the container or lid, or if the chemical shows discoloration, string-like formations, or liquid stratification, do not open the container.  Call EHS at extension 42618 for immediate assistance.
4.0  Classification of Peroxide Forming Materials:
Class A:  Peroxide Hazard on Storage – Without Concentration
These chemicals can form peroxides that are difficult to detect and eliminate.  Label these items with a date of receipt and date of opening.  Dispose of these items 3 months after opening or 12 months if unopened.  You may also conduct monthly peroxide tests after the 3-month expiration dates and record the dates and results of the peroxide tests in the Chemical Hygiene Plan Notebook.

Class B:  Hazard Due to Peroxide Concentration
These chemicals can undergo explosive polymerization initiated by dissolved oxygen.  Label these items with a date of receipt and date of opening and dispose of these items 6 months after opening or 12 months if unopened.  You may also conduct monthly peroxide tests after the 6-month expiration date and record the dates and results of the peroxide tests in the Chemical Hygiene Plan Notebook.

Class C:  Auto Polymerize as a Result of Peroxide Accumulation
These chemicals may explode when relatively small quantities of peroxides are formed.  These items normally have an inhibitor (scavenger) added to the substance by the manufacturer in order to prevent peroxides from forming.  This inhibitor can be removed if it interferes with the use of the chemical or the chemical is redistilled in the lab.  If a lab procedure requires the use of an uninhibited item in this Class, please contact EHS at extension 42618.  Label these items with a date of receipt and date of opening and dispose of inhibited items after 12 months and uninhibited items within 24 hours of use.

Common Chemicals That Form Explosive Levels Of Peroxides 

*NOTE:  This list is not inclusive.  Laboratory workers must also consult the safety data sheets and other sources of information for the chemicals used in their work areas to determine their peroxide-forming potential.

Class A:  Peroxide Hazard on Storage – Without Concentration
Butadiene				Chloroprene			Methacrylate
Vinylidene Chloride			Tetrafluoroethylene		Divinyl Acetylene
Isopropyl ether				Potassium amide		Sodium amide
Potassium metal			Divinyl ether

Class B:  Hazard Due to Peroxide Concentration
Acetal					Diethyl Ether			2-Pentanol
Acetaldehyde				Diethylene Glycol		4-penten-1-ol
Benzyl Alcohol				Dimethyl Ether			1-Phenylethanol
Isopropyl Ether				Dioxanes			2-Phenylethanol
Cyclohexanol				Ethylene Glycol Dimethyl Ether	2-Propanol (Isopropanol)
2-Cyclohexen-1-ol			4-Heptanol			Tetrahydrofuran
Cumene				Methyl Acetylene		Tetrahydronaphthalene
Decahydronaphthalene			Methyl Isobutyl Ketone		Vinyl Ethers
Diacetylene				3-Methyl-1-Butanol		Other Secondary Alcohols
Dicyclopentadiene			Methyl Cyclopentane


Class C:  Auto-Polymerize as a Result of Peroxide Accumulation
Acrolein				Chlorotrifluoroethylene		 Vinyl Acetate
Acrylic Acid				Methyl Methacrylate			Vinyl Chloride		
Acrylonitrile				Styrene				Vinyl Pyridine
Butadiene				Tetrafluoroethylene				
Chloroprene				Vinyl Acetylene			

5.0  Storage:
· Keep all peroxide-forming chemicals away from ignition sources such as open flames, hot surfaces, sparks, heat, and direct sunlight.  
· Store materials in tightly closed light-resistant containers to protect them from evaporation or possible contamination.  
· Protect them from shock, friction, and do not shake.  
· Ensure that they are stored away from incompatible materials such as oxidizers.  (See safety data sheet for more incompatibility information.)  
· When possible, store most of them under inert atmosphere (N2 or argon) or under vacuum in order to increase the storage lifetime of these materials.
· Store flammable materials that require reduced temperature storage in a flammable material storage refrigerator.

6.0  Disposal:

· For peroxide-forming chemicals that are within its shelf life or have been tested for peroxides and peroxides are not present – 

· Place the UMass Lowell Hazardous Waste Label on the container and fill out the label.  Full and/or dated containers of hazardous waste are picked up by EHS during the weekly inspection checks for satellite accumulation areas or upon request by submitting a pick-up request online at https://www.uml.edu/eem/ehs/hazardous-materials/hazardous-waste-management/pickups.aspx .

· For peroxide-forming chemicals that have been tested for peroxides (because the materials have reached their expiration dates) and peroxides are present – 

· Contact EHS at extension 42618 or send an email to hazardous_receiving@uml.edu immediately for assistance.  EHS will properly handle, label, and store the hazardous waste until properly disposed.

· Any peroxidizable chemical with visible discoloration, crystallization, multiple layers, or liquid stratification should be treated as potentially explosive.  Call EHS at extension 42618 for immediate assistance.

7.0  Emergency Procedures: 

7.1  Spills
· Evacuate the lab, post a restriction on the lab door and call UMass Lowell Police at extension 44911.  
· Stay close by to answer questions when emergency response personnel arrive.
7.2  First Aid
		For inhalation exposure, follow procedures below:
· Go outside to breathe fresh air.
· If experiencing any symptoms from exposure, seek medical attention.

For skin and eye exposure to peroxide-forming chemicals, follow first aid procedures and seek medical attention:
· Immediately remove any clothing that has been contaminated.  
· Call extension 44911.  (The buddy should call extension 44911 while you are removing contaminated clothing.)
· Flush or soak the skin with water.
· Employees should notify their supervisor of injuries and receive medical attention.
For fire:
· Evacuate the lab, pull the nearest fire alarm pull station and then go to a safe area and call extension 44911.  Follow the fire safety evacuation plan.

[bookmark: _Hlk214884779]NOTE:  All work-related injuries must be reported immediately to Human Resources (HR) by calling extension 43560.  An Accident/Near Miss Incident Form must be filled out.  (This form is available on-line at website.)


*The buddy, supervisor, or Principal Investigator may fill out the Incident/Injury Report Form while the injured employee follows first aid procedures and seeks medical attention.

8.0  Related Document:
	National Research Council, pp. 96-97, Prudent Practices in the Laboratory
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