


[bookmark: _GoBack]Best Management Practices for 
Monitoring Peroxide-Forming Compounds Prior to Disposal
Who does this document apply to?  These procedures were developed to assist businesses that handle peroxide forming chemicals in properly managing these materials to prevent explosion. These procedures must be followed as a condition of accepting peroxide-forming chemicals at Local Hazardous Waste Management Program (LHWMP) collection facilities from small quantity generators (SQGs).  Peroxide-forming chemicals may explode. People handling chemicals must be trained in safe management practices and use appropriate safety equipment to prevent accidents or injuries
What businesses use peroxides?  Research laboratories, analytical laboratories and biotechnology/ pharmaceutical companies are most likely to handle reagents that may be peroxide-formers.  The list of peroxide-forming chemicals used by laboratory and biotech facilities is extensive (see Table 1 for common examples).  Some manufacturers also use tetrahydrofuran (THF) and dioxane, which are peroxide-formers.  Both chemicals are versatile industrial solvents.  THF is used in textile manufacturing, some plastic extrusion operations and in manufacturing adhesives.  Dioxane is used primarily as a solvent in paints, varnishes, lacquers, cosmetics, cleaning and detergent preparations, and to a lesser extent in commercial printing, electroplating/polishing, semiconductors, magnetic recording media, and other manufacturing.
Basics for managing peroxide-forming chemicals
· Minimize the amount purchased to what can be used in a short duration of time.
· Label containers with dates received and opened.
· Store in a cool location away from light and heat.  Keep caps tightly secured.
· Regularly test for the presence of peroxides and dispose of the chemical before peroxide levels exceed 100 ppm.
· Follow the procedures detailed in this document including obtaining preapproval before bringing peroxide-forming chemicals to an LHWMP collection facility.
Note: A Peroxide-Forming Chemical Evaluation Sheet (see end of document) must be submitted for approval prior to bringing peroxide-forming chemicals for disposal to LHWMP facilities.  Contact the Business Waste Line at (206) 263-8899 to obtain preapproval.  The LHWMP reserves the right to refuse acceptance of peroxide-forming chemicals at any time. 
Disclaimer: This document provides general guidance for preventing and monitoring formation of peroxides for informing disposal practices.  Health and safety protocols related to peroxide-forming chemicals are beyond the scope of this publication. 
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Alternate Formats Available
Voice: 206-263-3089 or TTY Relay: 711 


Purpose
This document was developed to guide Small Quantity Generators (SQGs) in King County, typically businesses and others generating less than half a drum of hazardous waste per month.  Qualified SQGs may use disposal services provided by the Local Hazardous Waste Management Program (LHWMP) in King County.  Go to www.lhwmp.org/home/BHW/sqg.aspx for additional information on the definition of an SQG and LHWMP acceptance policies.  The program recommends these procedures for evaluating peroxide formation in chemicals, and determining proper end-of-life management.  Peroxide-forming chemicals may be accepted at the LHWMP Moderate Risk Waste (MRW) collection facilities if managed according to these procedures, provided they do not exhibit characteristics of peroxide formation or exceed established storage periods.  SQGs who fail to follow these guidelines or equivalent procedures are prohibited from bringing peroxide-forming chemicals to LHWMP MRW collection facilities.  SQGs delivering a potentially explosive peroxide-forming chemical to an LHWMP MRW collection facility may be liable for emergency response contractor costs, which may exceed several thousand dollars.  
Introduction
[bookmark: compounds]Some chemicals react with oxygen in the air to form “peroxides,” extremely dangerous compounds.  The reaction can be initiated by light, heat, introduction of a contaminant, or the loss of an inhibitor.  When purchased, some chemicals have been mixed with inhibitors such as BHT (butylated hydroxytoluene), hydroquinone and diphenylamine to slow peroxide formation. Certain peroxides are sensitive to heat, shock, or friction, and their accumulation in chemical reagents has resulted in numerous explosions.  For this reason, it is important to identify and control chemicals that form potentially explosive peroxides[footnoteRef:1].   [1:  For more in-depth chemistry information, see “Peroxides and Peroxide-Forming Compounds” by Donald E. Clark, at  http://www.bnl.gov/esh/cms/PDF/peroxides.pdf] 

Peroxide-Forming Chemicals 
In general, the faster the chemical evaporates, the greater its hazard, since evaporation of the chemical allows the peroxide to concentrate (peroxides of concern are slow to evaporate). Some common chemicals that are known to form peroxides are listed in the following table.  NOTE: This is not an exhaustive list. Businesses must consult safety data sheets and other sources of information for chemicals used in their workplace to determine their peroxide-forming potential. Group A are chemicals that spontaneously form peroxides on exposure to air without further concentration or evaporation.  These materials should be tested or disposed of within three months of opening (testing is discussed later in this document).  Group B lists chemicals that form peroxides only when concentrated by evaporation or distillation.  Group B chemicals should be tested or disposed of within one year of opening their containers.   Potassium metal is also subject to formation of peroxides. Potassium metal that appears oxidized or discolored should be handled as a potentially explosive peroxide material. 



Table 1: Peroxide Groups and Examples
	[bookmark: GroupA]Commonly Used Chemicals That Form Explosive Levels of Peroxides Without Concentration
Test for peroxide formation before using or discard after 3 months after opening.

	Chemical
	CAS
	Synonyms

	Chloroprene (1,3)
	126-99-8            
	2-Chloro-1,3- butadiene

	Divinyl acetylene
	821-08-9
	1,5-Hexadien- 3-yne

	Isopropyl ether
	108-20-3
	Diisopropyl ether

	Vinyl ether        
	109-93-3
	Divinyl ether

	Vinylidene chloride 
	75-35-4
	1,1- Dichloroethylene

	[bookmark: GroupB]Group B: Chemicals That Form Explosive Levels of Peroxides on Concentration
Test for peroxide formation before distillation or evaporation.                                                       Test for peroxide formation or discard after 1 year.

	Chemical
	CAS
	Synonyms

	Acetal              
	105-57-7
	1,1-Diethoxyethane

	Acetaldehyde   
	75-07-0
	Ethanal

	Benzyl alcohol
	100-51-6
	a-Hydroxytoluene

	2-Butanol
	78-92-2
	Sec-Butanol

	Cyclohexanol    
	108-93-0
	Cyclohexyl alcohol

	Cyclohexene     
	110-83-8
	Tetrahydrobenzene

	2-Cyclohexen-1-ol
	822-67-3
	

	Cyclopentene   
	142-29-0
	

	Decahydronaphthalene
	91-17-8
	

	Dicyclopentadiene
	77-73-6
	

	Diethylene glycol dimethyl ether
	111-96-6
	Diglyme

	Dioxane
	123-91-1
	1,4-Dioxane

	Ethylene glycol dimethyl ether
	110-71-4
	Glyme

	Ethyl ether
	60-29-7
	Diethyl ether

	Furan
	128-37-0
	

	4-Heptanol
	589-55-9
	

	2-Hexanol
	626-93-7
	

	Isopropyl benzene
	98-82-8
	Cumene

	3-Methyl-1-butanol
	123-51-3
	Isoamyl alcohol

	Methyl cyclopentane
	96-37-7
	

	Methyl isobutyl ketone
	108-10-1
	Methyl-isobutyl ketone

	4-Methyl-2-pentanol
	108-11-2
	

	2-Pentanol
	6032-29-7
	Sec-Pentyl Alcohol

	4-Penten-1-ol
	821-09-0
	

	1-Phenylethanol
	98-85-1
	alpha-Methyl-benzyl alcohol

	2-Phenylethanol
	60-12-8
	Phenethyl alcohol

	Potassium metal (visually inspect for oxidation)
	7440-09-07
	

	Tetrahydrofuran
	109-99-9
	

	Tetrahydronaphthalene
	119-64-2
	


[bookmark: GroupC]Storage
· Store peroxide-forming chemicals in sealed, air-tight containers away from sources of heat and light. 
· Label the container with the date of purchase and the date of the most recent test for peroxides in accordance with the details provided in the sections entitled: Peroxide Testing Method.
· Peroxide-forming chemicals should be purchased in small quantities, and the older material in the inventory should be used first. For more tips on safe chemical storage, see www.labwasteguide.org, our “Laboratory Waste Management Guide”.
Safe Storage Times 
Peroxide-forming compounds may be safely stored for the indicated time periods listed in Table 1.  Storage for longer periods of time is allowable provided that testing is conducted at the indicated frequencies and that the results are within acceptable limits (see Peroxide Testing Method below).  
Never open or disturb containers of unknown age or history, or those that have exceeded their shelf lives and that have no evidence of testing.  Contact a qualified hazardous materials contractor (see details below) for in-place stabilization or destruction for these types of containers.  Do not bring to LHWMP facilities for disposal.  
Peroxide Testing Method 
Use the attached Peroxide-Forming Chemical Evaluation Sheet to record observations and peroxide levels prior to disposal.  This form must be submitted to the LHWMP MRW collection facility prior to bringing in the chemical(s) for disposal.  Contact the Business Waste Line at 206-263-8899 for the necessary procedures.  Peroxide testing is recommended to help ensure the container can be safely handled.  Several methods are available to test the presence of peroxides in organic solvents, with direct-reading test strips being the most common.  Test strips for the detection of peroxides may be purchased from most safety-supply vendors, including Grainger Industrial Supply, VWR and Fisher Scientific. Test strips may be purchased that measure 1 to 100 ppm and 100 to 1000 ppm.  At present, 100 ppm peroxide is widely used as a general control point, however, this value lacks scientific validation.  
The following conditions should be confirmed before opening the container by a qualified person with appropriate protective equipment:
· The container is in good condition.
· The container and cap are free of crystal formation.
· The cap is closed and there is no noticeable odor.
· The contents are free of stratification, cloudiness & wisp-like structures.
Contact a qualified hazardous materials contractor (see details below) for in-place stabilization or destruction if your containers do not meet these criteria. This material may not be brought to LHWMP MRW collection facilities for disposal.   

The following are guidelines for interpreting peroxide test results and for disposing of expired chemicals:
· If the peroxide concentration is greater than 25 ppm, but less than 100 ppm, the chemical may be used, but DO NOT DISTILL OR CONCENTRATE.
· If the peroxide concentration is greater than or equal to 100 ppm, it should be disposed of as hazardous waste. If the material does not exhibit other characteristics of peroxide formation (see Evaluation Sheet) it may be accepted for disposal at LHWMP MRW collection facilities from an SQG.
· If the peroxide concentration is greater than 500 ppm, there is an increased potential for explosion.  A qualified hazardous materials contractor should be contacted for in-place stabilization or destruction.  The material may not be brought to LHWMP facilities for disposal. 
· The following companies manage disposal of peroxide forming chemicals:
· Clean Harbors Environmental Services; Contact Josh Philpott; (503) 680-0614; Philpott.joshua@cleanharbors.com
· Focus Environmental Management Group; Contact Scott Zimber; (815) 621-2398; zimz@aol.com
· The Department of Ecology also publishes a list of emergency response contractors, some of whom may be qualified to manage peroxides.  The list is located online at http://www.ecy.wa.gov/programs/spills/preparedness/prc/prc.htm.
[bookmark: Disposal]References and Resources
The following web sites contain additional information on chemicals that may form peroxides:
www.ehs.washington.edu/forms/epo/peroxideguidelines.pdf 
http://www.bnl.gov/esh/cms/PDF/peroxides.pdf
For more information on health and safety regulations, contact the Washington State Department of Labor and Industries. They can provide your company with no-charge safety and health or risk management consultation. All information is kept strictly confidential. 
Program description:  www.lni.wa.gov/Safety/Basics/Assistance/Consultation/default.asp  
Contact information: www.lni.wa.gov/Safety/Basics/Assistance/Consultation/consultants.asp 
For information on organizations and companies that provide health and safety training resources for handling peroxide-forming chemicals:
https://osha.washington.edu/index.cfm 
http://www.ehs.washington.edu/ohs/index.shtm 
http://www.lhwmp.org/home/YellowBook/material_detail.aspx?ItemID=D9QYpaZBKbE%3d 

Peroxide-Forming Chemical Evaluation Sheet
This form must be submitted prior to bringing peroxide containers to an LHWMP facility.
Contact the Business Waste Line at 206-263-8899 for submittal procedures and approvals.
Follow all safety requirements and use all necessary personal protective equipment.
	
Company :___________________________ 

Evaluator:  ____________________________                                                             Date: ______________


	Hazard Evaluation
(To determine if container is safe to open and test for peroxide concentration)
Material
Chemical name: ___________________________Manufacturer:___________________________

Peroxide former category (see list): __A __B           Within expiration date?  __Yes  __No

Date chemical purchased: ___________________  Date chemical opened: ______

Inhibitor added? __Yes  __No                                      Inhibitor name: __________________________

Container and condition
Container type:  __Steel  __Glass  __Plastic

Container volume: ________________________  Remaining liquid volume: ___________________

Container in good condition (no deformation cracks, etc.)?  __Yes  __No*

Closed container free of detectable odor (i.e., lack of active evaporation)?  __Yes  __No*

Container and cap free of crystals (DO NOT OPEN TO DETERMINE THIS):  __Yes   __No*

Container free of stratification, cloudiness & wisp-like structures?   __Yes  __No*
        
Storage conditions
How stored: __ Flam cabinet __ Refrigerator   Other _____________________________________

Protected from sunlight or UV source (e.g., lamp)?  __Yes  __No

	Hazard Determination

Is container safe to open and test for the presence of peroxides?  __Yes  __No*
Peroxide concentration (ppm): _____________________  Method _________________________

*If any of the asterisked answers are ‘No’ do not move container. Contact a hazardous materials contractor for in-place stabilization or destruction (refer to Best Management Practices document).
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