STANDARD OPERATING PROCEDURE 

Piranha Solution

*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: 

Procedure: 



	2.  PHYSICAL &
     HEALTH HAZARDS 


	Piranha Solution, also known as piranha etch, is a highly corrosive, strongly oxidizing substance used to clean organic residues off substrates and to etch metals, particularly in microfabrication labs. Piranha should never be used for routine cleaning. 

Acid Piranha is most common and is a 3:1 to 7:1 mixture of Sulfuric acid (H2SO4, CAS# 7664-93-9) and Hydrogen peroxide (H2O2, CAS# 7722-84-1). The mixture is a strong oxidizing agent that removes most organic matter, and it will also hydroxylate most surfaces (add -OH groups), rendering them highly hydrophilic (water compatible). The reaction of hydrogen peroxide on concentrated sulfuric acid produces highly activated and oxidizing peroxymonosulfuric acid (H2SO5), also called Caro’s acid, a highly unstable and potentially explosive material. 

Base Piranha is the least common and is a 3:1 mixture of Ammonium hydroxide (NH4OH, CAS# 1336-21-6) with 30% hydrogen peroxide (H2O2, CAS# 7722-84-1). 

Both are equally dangerous when hot, although the reaction in the acid piranha is self-starting whereas the base piranha must be heated to 60°C (140°F) before the reaction takes off. This SOP addresses the use of acid piranha.

· Piranha solution is highly corrosive and a strong oxidizer, contact with other material may cause or intensify fire.
· Dermal and/or eye exposure will cause itching, redness, burns, inflammation, swelling, and/or serious tissue damage and immediate pain upon contact. May cause blindness.
· Toxic by inhalation; will cause irritation of the respiratory tract including nose, throat, and lungs. Strongly corrosive vapors are extremely destructive to the tissue of the mucous membranes and upper respiratory tract and cause burning pain in the nose and throat, coughing, wheezing, shortness of breath and pulmonary edema. Fumes can suffocate.
· Harmful if swallowed; causes severe and rapid burns of the mouth, esophagus, and gastrointestinal tract, causing burning, choking, nausea, vomiting, severe pain, and possibly death. 
· The severity of damage is determined by the dose, duration of exposure, and the body parts contacted. 
· Piranha solution is extremely energetic and exothermic, which may result in an explosion if not handled carefully. Solutions made using hydrogen peroxide at concentrations greater than 50% may cause an explosion. Dissolving a large amount of organic contaminant will cause violent bubbling and a release of gas that can cause an explosion. 
· Piranha solutions may form explosive mixtures with acetone, do not add or contaminate piranha solutions with acetone.
· Piranha solutions in contact with metals or metal salts may vigorously release gas, which could lead to an explosion, do not allow metals to contaminate piranha solutions. 

GHS hazard pictograms
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DOSH Exposure Limits:
Sulfuric Acid: TWA: 1 mg/m3; STEL: 3 mg/m3
Hydrogen Peroxide: TWA: 1 ppm; STEL: 3 ppm

*Always refer to the Safety Data Sheet for the most detailed information* 


	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 Piranha solution 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: Piranha solution containers shall have a workplace label identifying the contents, composition and hazards of the chemical at the minimum, in this case extremely corrosive, oxidizer, and potentially explosive. Chemical abbreviations and formulae should be avoided unless a legend is present in the lab. For information on workplace labels, see https://ehs.wsu.edu/ohs-chemhazardcommunication/ohs-workplacelabels/. 


	5. PROTECTIVE      
      EQUIPMENT
	Eye Protection: At minimum, wear ANSI approved safety glasses when properly working behind a fume hood’s lowered protective sash and when using small quantities of Piranha solution (<500 mL). Wear ANSI approved chemical splash goggles when working with larger quantities (≥500 mL) and when splash and/or aerosol generation is anticipated to be a hazard. A full-face shield is also appropriate to be worn when splashes are anticipated. 

Hand Protection: Wear two sets of chemical-resistant gloves (known as “double-gloving”), such as disposable Nitrile gloves, to work with small volumes of Piranha solution (<500 mL). When working with larger volumes (≥500 mL), wear an outer layer of thick cut (≥10 mil), extended cuff gloves such as butyl rubber, neoprene, Viton, or equivalent. A single layer of disposable Nitrile gloves is not appropriate for working with Piranha solution and will not provide sufficient protection. 

Inspect gloves prior to use for signs of damage (e.g. pinholes, tears, cracks) and do not use them if they are damaged. Always wash hands immediately after handling Piranha solution and removing gloves.

· Note: Always consult your glove manufacturer’s glove compatibility chart to ensure selected gloves are compatible with specific chemical being used.  

Skin/Body Protection: Wear a fully buttoned lab coat, full length pants and close-toed shoes at minimum. Wear a flame-resistant lab coat if a fire hazard exists. Some FR fabrics (e.g., Nomex®, Rhovyl®, Kevlar®, etc.) are highly permeable and do not provide good chemical/acid resistance. When handling larger quantities of Piranha solution (≥500 mL), wear an acid-resistant apron and disposable sleeves. 

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

Always work with Piranha solution within a properly functioning, face velocity certified laboratory chemical fume hood. The sash must be kept as low as possible to prevent the release of toxic gases and positioned between the researcher and the Piranha solution to minimize potential injuries resulting from splashing of the solution.

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

If it is necessary to use Piranha solution outside of a chemical fume hood, all engineering and administrative controls must be exhausted first as respiratory protection is a last line of defense and generally only used in chemical spill cleanup situations. Respiratory protection requires affected personnel to be medically cleared, fit tested and enrolled in WSU’s Respiratory Protection Program (RPP).


	6. WASTE DISPOSAL    
PROCEDURES
	Waste Piranha solution must be managed as a Dangerous Waste. Allow solutions to cool and degas fully, uncapped, before disposal of waste. Waste should be stored in a clean glass bottle, appropriately labeled, with a pressure venting cap. Piranha solution should be disposed of alone with its own dedicated container; never put solution into a waste container with other materials, as a violent reaction could occur. Ensure that the waste container you are using is clean, dry, and does not have residual metals, solvent or other organic materials in it. 

The spent solution should still be considered an oxidizer, and therefore the waste should be stored away from incompatible materials (e.g. organics, bases, metals). Reference Section 10 of the SDS for incompatible materials.

The authorized person using this material is responsible for the safe collection, preparation and proper disposal of waste unless otherwise stated below.

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/ 

If the solution has a pH between 6 and 9 and does not meet the definition of toxic in WAC 173-303-100 or exhibit other dangerous waste characteristics, it MAY be able to be drain discharged/disposed. For assistance evaluating dangerous waste characteristics, contact EH&S https://ehs.wsu.edu/contact-information/. Do not neutralize dangerous wastes for disposal, this may only be done at permitted treatment and disposal facilities.

Insert lab specific information on Piranha solution waste collection procedures, location, storage and handling. 


	7. DESIGNATED AREA    
      INFORMATION

	Piranha solution is prepared and used in Building, Room.

Confine all work with Piranha solution to a properly functioning certified laboratory chemical fume hood, which will act as the designated area. Never remove hot piranha solution from the fume hood.

The designated storage and use area(s) should be shown on the floor plan in your laboratory’s Chemical Hygiene Plan. 

Designated Areas:
A designated area shall be established where limited access, special procedures, knowledge, and work skills are required. A designated area can be the entire laboratory, a specific laboratory workbench, or a laboratory hood. Designated areas must be clearly marked with signs that identify the chemical hazard and include an appropriate warning; for example:
WARNING! PIRANHA SOLUTION WORK AREA – EXTREMELY CORROSIVE & OXIDIZER.
· Upon leaving the designated area, remove any personal protective equipment worn and wash your hands with soap and water.
· After each use (or day), wipe down the immediate work area and equipment to prevent accumulation of chemical residue.
· At the end of each project, thoroughly decontaminate the designated area before resuming normal laboratory work in the area.

Insert lab specific information on Piranha solution storage and use locations.


	8. DECONTAMINATION
       PROCEDURES

	Upon Accidental Exposure: 
In case of eye contact, flush your eyes with copious amounts of water at an emergency eyewash station for at least 15 minutes and immediately seek medical attention.   

In case of skin contact, flush your skin with copious amounts of water for 15 minutes and immediately 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 and immediately seek medical attention. 

In case of inhalation, move the person to fresh air and immediately seek medical attention.  

In case of ingestion, immediately seek medical attention and follow instructions on SDS. Do NOT induce vomiting.

Upon Accidental Release: 
Large Release:  If a significant amount of Piranha solution is spilled inside the fume hood (≥500 mL) or ANY amount 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 509-335-9000.

Small Release: If a small amount of Piranha solution (<500 mL) is spilled inside the fume hood (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 the PPE listed in SECTION 5: PROTECTIVE EQUIPMENT.   

Absorb excess solution inside fume hood with an inert dry material such as granular bentonite (e.g. casing seal), then neutralize remaining residue with sodium bicarbonate. Place cleanup materials in an appropriate waste disposal container (resealable bag, etc.) and dispose of as dangerous waste (see Section 6: WASTE DISPOSAL PROCEDURES). Finish decontamination of surfaces with a soap and water solution.  

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 Piranha solution spill cleanup procedures and applicable location specific emergency procedures.


	9. SPECIAL STORAGE     
AND HANDLING    
      PROCEDURES
	· Do NOT store Piranha solution. Prepare a fresh solution for each use and only as much as needed for the specific use. It quickly loses its effectiveness due to oxidation of its reactive components.

· Whenever preparing/handling Piranha solution, clean and dry glass containers (preferably borosilicate such as Pyrex) in good condition should be used. PTFE/Teflon can be an acceptable alternative. Piranha solution will melt some plastics and corrode most metals. Secondary containment (e.g., a large polypropylene or polyethylene tray) shall be used for all Piranha solution work. 

· Make the smallest practical quantities needed for daily use for the experiment being performed.

· Always add hydrogen peroxide to the acid while gently stirring and not the opposite. Perform the addition slowly to prevent uncontrolled boiling and potential splashing. Hydrogen peroxide concentrations should be kept below 30% and should never exceed 50%.

· Any batch made over 100 mL requires cooling in an ice bath when mixed. 

· If applying directly to substrate, apply the sulfuric acid first, then the hydrogen peroxide.

· Piranha solution is very energetic and potentially explosive. It is very likely to become hot, up to 100°C (212°F). Handle with care, using tongs or hot mitts to handle containers when necessary. 

· Adding any acids, bases, or organic compounds (e.g. Photoresist, isopropyl alocohol) to Piranha solution or spraying it with water will accelerate the exothermic reaction and can lead to an explosion. 

· Never store Piranha solution in a closed container while it is still hot. If hot piranha solution is stored in an airtight container, it will explode. When piranha is cooled, store in a glass waste bottle with a vented cap.

· Piranha solution must not be handled while working alone. 

· Leave hot Piranha solution in the fume hood in a labeled open container until cool (usually overnight). Cool Piranha solution will not be bubbling.

· A warning sign must be posted to indicate Piranha solution is being used.

· Immersing a substrate into the solution should be done slowly to prevent thermal shock that may crack the substrate material.

· If something needs to soak overnight, clearly label “Piranha solution, Extremely Corrosive, Oxidizing, Potentially Explosive!”

· A properly functioning emergency eyewash must be present in the laboratory and safety shower must be available within 10 seconds and 50 feet of travel.

· Do not remove Piranha solution in any form (new, in-use, waste) from the fume hood where it was generated.

· No other work should be performed in the fume hood whenever active Piranha solution is present.

· Organic compounds and flammable materials should be removed from the fume hood before working with Piranha solution. Acetone and piranha solutions may form explosive mixtures. Avoid contamination with metals which can vigorously release gas, potentially resulting in an explosion.

Insert additional lab specific information on Piranha solution controls.



							























10. [bookmark: _Hlk165556695]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 Piranha solution 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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