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STRONG OXIDIZING AGENTS
STANDARD OPERATING PROCEDURE

Type of SOP:  
 FORMCHECKBOX 
 Process
 FORMCHECKBOX 
 Hazardous Chemical

 FORMCHECKBOX 
 Hazard Class

1. HAZARD OVERVIEW

Oxidizing materials are liquids or solids that readily give off oxygen or other oxidizing substances (such as bromine, chlorine, or fluorine). This classification also includes materials that react chemically to oxidize combustible (burnable) materials; this means that oxygen combines chemically with the other material in a way that increases the chance of a fire or explosion. The reaction may occur spontaneous at room temperature or may occur under slight heating. Oxidizing liquids and solids can be severe fire and explosion hazards. 

The [U.S.] National Fire Protection Association (NFPA) Code 430 (1995) "Code for the Storage of Liquid and Solid Oxidizers" classifies oxidizing materials according to their ability to cause spontaneous combustion and the degree to which they can increase the burning rate.

Class 1 Oxidizers:

· Slightly increase the burning rate of combustible materials.

· Do not cause spontaneous ignition when they come in contact with them.

Class 2 Oxidizers:

· Moderately increase the burning rate of combustible materials with which they come in contact.

· May cause spontaneous ignition when in contact with a combustible material.

Class 3 Oxidizers:

· Severely increase the burning rate of combustible materials with which they come in contact.

· Will cause sustained and vigorous decomposition if contaminated with a combustible material or if exposed to sufficient heat.

Class 4 Oxidizers:

· Can explode when in contact with certain contaminants.

· Can explode if exposed to slight heat, shock, or friction.

· Will increase the burning rate of combustibles.

· Can cause combustibles to ignite spontaneously.
2. HAZARDOUS CHEMICAL(S) OR CLASS OF HAZARDOUS CHEMICAL(S)

The National Fire Protection Association (NFPA) Code 430 (1995) "Code for the Storage of Liquid and Solid Oxidizers" provides many examples of typical oxidizing materials listed according to the NFPA classification system. Some of these examples include:

NFPA Class 1 Oxidizers

Examples of NFPA Class 1 oxidizers include:

· Aluminum nitrate

· Ammonium persulfate

· Barium peroxide

· Hydrogen peroxide solutions (8% to 27.5% by weight)

· Magnesium nitrate

· Nitric acid (40% concentration or less)

· Perchloric acid solutions (less than 50% by weight)

· Potassium dichromate

· Potassium nitrate

· Silver nitrate

· Sodium dichloroisocyanurate dihydrate

· Sodium dichromate

· Sodium nitrate

· Sodium nitrite

· Sodium perborate (and its monohydrate)

· Sodium persulfate

· Strontium nitrate

· Strontium peroxide

· Trichloroisocyanuric acid

· Zinc peroxide

NFPA Class 2 Oxidizers

Examples of NFPA Class 2 oxidizers include:

· calcium chlorate

· calcium hypochlorite (50% or less by weight)

· chromic acid (chromium trioxide)

· 1,3-dichloro-5,5-dimethylhydantoin

· hydrogen peroxide (27.5 to 52% by weight)

· magnesium perchlorate

· nitric acid (concentration greater than 40% but less than 86%)

· potassium permanganate

· sodium permanganate

· sodium chlorite (40% or less by weight)

· sodium perchlorate (and its monohydrate)

· sodium peroxide

NFPA Class 3 Oxidizers

Examples of NFPA Class 3 oxidizers include:

· Ammonium dichromate

· Hydrogen peroxide (52 to 91% by weight)

· Nitric acid, fuming (concentration greater than 86%)

· Perchloric acid solutions (60 to 72% by weight)

· Potassium bromate

· Potassium chlorate

· Potassium dichloroisocyanurate

· Sodium chlorate

· Sodium chlorite (greater than 40% by weight)

· Sodium dichloroisocyanurate

NFPA Class 4 Oxidizers

Examples of NFPA Class 4 oxidizers include:

· Ammonium perchlorate (particle size greater than 15 microns)

· Ammonium permanganate

· Hydrogen peroxide (greater than 91% by weight)

· Perchloric acid solutions (greater than 72.5% by weight)

· tetranitromethane

3. PERSONAL PROTECTIVE EQUIPMENT (PPE)
At a minimum, the following PPE must be worn at all times:
a. Eye Protection
· Safety glasses with side shields or splash goggles that meet the ANSI Z.87.1 1989 standard
· When there is the potential for splashes, a face shield must be worn.

· Ordinary prescription glasses will NOT provide adequate protection unless they also meet this standard and have compliant side shields.

· Face shields must only be used over either safety spectacles or goggles (for face protection).

b. Skin and Body Protection
· Flame-resistant Cleanroom smock.  






      Cleanroom smock must be appropriately sized for the individual.
· Cleanroom smock sleeves must fully extend to the wrists to prevent skin exposure while wearing gloves.
· Cleanroom smocks must be fully zipped at all times. 

· A chemical resistant apron should be used when transferring or using large quantities or splashing is a possibility.
· Synthetic clothing such as nylon should not be worn.

· Legs must be covered (long pants or equivalent)
· Close-toed and closed-heel shoes must be worn.
c. Hand Protection

When handling hazardous chemicals or contacting potentially contaminated surfaces, protective gloves are to be worn. For proper selection of glove material, review chemical Safety Data Sheet (SDS) and glove selection guidance on the EH&S web page.

Wear gloves to prevent skin exposure.  In a glove box, use the glove box gloves and sleeves.  If this chemical is handled in a closed system in a certified fume hood, use appropriate chemical resistant gloves. 

NOTE: Consult with your preferred glove manufacturer to ensure that the gloves you plan on using are compatible with the specific pyrophoric material.

Refer to glove selection chart from the links below:
http://www.ansellpro.com/download/Ansell_8thEditionChemicalResistanceGuide.pdf or 
http://www.showabestglove.com/site/default.aspx 
Never re-use disposable gloves, such as nitrile.

If there is a risk of explosion, Kevlar gloves must be worn.

Additional PPE may be required if procedures or processes present additional risk. It is the responsibility of the PI to ensure that any additional PPE requirements are identified and communicated to research staff. Contact EH&S for consultation.
d. Hygiene Measures

Avoid contact with skin, eyes and clothing.  Wash hands before breaks and immediately after handling the product.
4. ENGINEERING/VENTILATION CONTROLS

All strong oxidizing chemicals should be transferred and used in the Acid workbench/fume hood.  The hood magnahelic gauge should be checked for correct operation prior to using the hood.
The following is a general plan for all strong oxidizers:

Always use strong oxidizers in the Acid workbench/fume hood to minimize the potential for the spread of a fire if one should occur. Verify the fire extinguisher is located on wall just next to the bench when working with Class 2-4 materials. The use of Class 4 oxidizers is not allowed inside the cleanroom. 

Perchloric acid has a notorious history of causing unanticipated explosions. Perchloric acid can form explosive salts almost anywhere, including in the exhaust ducts of fume hoods and even laboratory benches where other materials have been spilled in the past. Many perchlorate salts are shock sensitive and can lay dormant for very long periods.

For these reasons, Perchloric acid is not allowed in the cleanroom. 
SPECIAL HANDLING PROCEDURES AND STORAGE REQUIREMENTS
The following administrative controls must be followed:

· Never work alone. At least one other person must be present in the same laboratory when any work involving strong oxidizers is carried out.

· Eliminate or substitute a less hazardous material when possible.

· Design your experiment to use the least amount of material possible to achieve the desired result.

· It is better to do multiple transfers of small volumes than attempt to handle larger quantities. Finely divided solids must be transferred under an inert atmosphere in a glove box. Liquids may be safely transferred without a glove box by employing certain syringe techniques and equipment. Before transferring, make sure that the material is at room temperature.

· Verify your experimental set-up and procedure prior to use.

· Inform colleagues that this material will be used and where. Label the work area with a sign saying "Strong Oxidizing Agent Use Area."

· Only use if the area is properly equipped with a certified eye wash/safety shower within ten seconds of travel.

· Ensure that all use details are recorded in a log book which notes the date, user, amount used, and current quantity on hand.

· Consult with the campus Chemical Hygiene Officer if work involves large quantities.

It is essential that all strong corrosives be stored separately from chemicals with which they may react. Ensure secondary containment and segregation of incompatible chemicals per guidance within the UC Riverside Chemical Hygiene Plan. Also, follow any substance-specific storage guidance provided in Safety Data Sheet (SDS) documentation.

Wash thoroughly after handling.  Do not ingest or inhale nor get in eyes, skin or clothing.  Remove contaminated clothing and wash before reuse.  

Store in a tightly closed, labeled container and in a cool, dry well-ventilated area.  Segregate from incompatible materials.  Secondary containers must be labeled clearly. Follow any substance-specific storage guidance provided in Safety Data Sheet documentation.

Use small quantities whenever possible. Monitor your inventory closely to assure that you have tight control over your material.
5. SPILL AND INCIDENT PROCEDURES
Chemical Spill - Dial 911 and EH&S: (951) 827-5528
Assess the extent of danger.  Help contaminated or injured persons.  Evacuate the spill area.  Avoid breathing vapors.  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.).  
If there is an unusual or unexpected occurrence when using this material(s), the occurrence must be documented and discussed with the Principal Investigator, Cleanroom staff and others who might be using the material(s).  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.

Spills should be immediately and thoroughly cleaned up. Proceed only if you will not injure yourself or others and it is not an emergency and not likely to become an emergency.  Work areas should be demarked with an indicator that strong oxidizing materials are in use or exposed. Keep a chemical spill kit easily accessible. In the case of strong oxidizing agents, consider the likelihood of fire. If you are unsure about how to clean up a spill, contact EH&S for help.

· Small – If you have training, use appropriate personal protective equipment and clean-up materials for chemical spilled.  Double bag spill waste in clear plastic bags, label, and Cleanroom staff will arrange for chemical waste pick-up.  

· Large– Dial 911 and EH&S at (951) 827-5528 for assistance. Notify others in area of spill. Turn off ignition sources in area. Evacuate area and post doors to spill area.  Remain on the scene, but at a safe distance, to receive and direct safety personnel when they arrive.  
a) Use extreme caution due to potential ignition of flammable solvents or other materials.

b) Evacuate the spill area. Post someone or mark-off the hazardous area with tape and warning signs to keep other people from entering the area.

c) Contact EH&S if you have any concerns about how to manage a spill no matter how large or small.

d) Review the EH&S Emergency Guide before beginning work.

e) Keep the appropriate fire extinguisher nearby.

f) A chemical spill kit easily accessible by the Cleanroom entrance.  Do not use organic based absorbents such as sawdust.
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 (951) 827-5528 immediately. 

Chemical Splash Into Eyes – Immediately rinse eyeball and inner surface of eyelid with water from the emergency eyewash station for 15 minutes by forcibly holding the eye open.  Seek medical attention. Notify supervisor and EH&S at (951) 827-5528 immediately.

Medical Emergency - Dial 911 and EH&S: (951) 827-5528
Refer to “Injuries and Medical Treatment” Flipchart posted in the laboratory.
6. DECONTAMINATION

Wear proper PPE. Carefully inspect work areas to make sure no materials remain. Be sure all ignition sources are secured before beginning to clean up flammable liquids.  Decontaminate equipment and bench tops using wipers moistened with dry, non-polar solvent (hexane).  Dispose of all used contaminated disposables as hazardous waste following the Waste Disposal Section.

7. WASTE DISPOSAL
All liquid waste must be disposed through the Acid workbench sink or aspirators followed by water rinse. Solid waste such as contaminated cleanroom wipers must be placed into Ziploc bags under the bench or in the dedicated closed top waste bin located next to the bench.
General hazardous waste disposal guidelines for staff:
· Double-bag dry waste using transparent bags.
· Waste must be under the control of the person generating and disposing of it.

· Dispose of routinely generated chemical waste within 90 days.

· Request a waste pick-up on-line: http://ehs.ucr.edu/services/waste.html
8. PRIOR APPROVAL/REVIEW REQUIRED
All work with strong oxidizers requires the following prior to beginning work:

1) Must be pre-approved by the Cleanroom staff prior to use and all training must be well documented.

2) Must be familiar with the UC Riverside Chemical Hygiene Plan.

3) Must have documented Chemical and Laboratory Safety training, and specific training on the techniques and processes to be used. 

4) Must read the relevant Safety Data Sheet (formerly referenced as Material Safety Data Sheets).

5) Must demonstrate competence to perform work.

6) Must read Prudent Practices in the Laboratory: Handling and Management of Chemical Hazards (section 3.D.2.3 - 3.D.3.3 Incompatible Chemicals - Other Oxidizers) - http://www.nap.edu/openbook.php?record_id=4911&page=51
7) When there are any changes to procedures, personnel, equipment, or when an incident or near-miss occurs, a review of this SOP and re-approval is required. .A review of this SOP and re-approval is required when there are any changes to procedures, personnel, equipment, or when an incident or near miss occurs.
9. DESIGNATED AREA 
Work should be completed in the Acid workbench/fume hood.  
10. SAFETY DATA SHEETS 

Online SDS can be found at http://www.ehs.ucr.edu/services/msds.html. Hard copy SDS sheets can be found in the Right to Know center located at the entrance to the cleanroom.
11. DETAILED PROTOCOL

DETAILED PROTOCOL

All lab workers who will be using a strong oxidizing agents must review this SOP and sign the associated training sheet.  Lab workers must have specific training on the proper handling of strong oxidizing agents and must understand the hazards.

Lab workers using strong oxidizing agents must demonstrate competence to the Cleanroom staff by being able to 1) identify the hazards and list any particularly hazardous handling techniques (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 strong oxidizing agents described in this SOP. The researcher must also consult the Cleanroom staff for approval to proceed with chemical or biological transformations that have little literature or local research group precedent. PI and Cleanroom staff 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 < 100 mL liquid or 1 g solid strong oxidizing agents in any given reaction (larger quantities REQUIRE the approval of Cleanroom staff)

5)  discuss ALL issues or concerns regarding strong oxidizing agents  in a research group meeting prior to its use.

If there is an unusual or unexpected occurrence when using this material(s), the occurrence must be documented and discussed with the Principal Investigator, Cleanroom staff and others who might be using strong oxidizing agents.  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: ______________________
Strong Oxidizing Agents SOP
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