	Hazard Control Plan


Pyrophoric Liquids and Solids: _______ Lab


TEMPLATE INSTRUCTIONS: Some sections will require more or less detail depending on your procedure. Send completed HCPs to ehrslaba@ehrs.upenn.edu for upload to your lab’s document section in BioRAFT. EHRS will review HCPs on your request; however, the supervising faculty member is responsible for ensuring that a thorough hazard assessment has been performed.  Replace red text with your text in this template. Delete this message when submitting your HCP.
Purpose
  
A Hazard Control Plan (HCP) is a standard operating procedure for a specific process performed in your laboratory or department. The HCP describes the hazardous materials or equipment in use and details the controls that will be put in place to minimize risk of exposure, injury, and other incidents. While the HCP may also include experimental procedures, its purpose is primarily to document the hazards and controls for the process. An HCP is typically written for procedures with particularly high hazards or when new hazards are introduced for the first time. A hazard assessment must be repeated, and the HCP amended whenever changes are made to the process.

















Hazard Control Plan
Pyrophoric Liquids and Solids: _______ Lab
Date HCP Prepared:  [Date]
HCP Prepared by:
	Name
	[Name]

	Position/title
	[Position/title]

	Email address
	[Email]

	Phone number
	[Phone number]

	Supervising Faculty Member
	[Faculty member’s name]

	Department
	[Department name]

	Contributors
	[Names]



Location of Process:
	Building
	[Building]

	Room number
	[Room]

	EHRS hood number (if applicable)
	[3-4 digit EHRS ID Hood Numbers]

	Other location information
	[Other location info, including storage, if applicable]



References:
[bookmark: _Hlk157420853][Insert literature or research notebook references for this procedure here.  Specify which procedure in the paper is the one you will be following, e.g. “Method 3, page 1427”]
[Specify here if there are any parts of the procedure you will be modifying in your experiment, e.g. using a different solvent, a different substitution on a molecule, or different reaction conditions such as temp]
[bookmark: _Hlk157420935][Insert references/links to equipment manuals for any equipment you will be using in the procedure. We recommend uploading equipment manuals to your lab’s Documents section in BioRAFT and linking to that page for easy reference and access by lab members and EHRS.]

Rathman, T. and Schwindeman J. A. Preparation, Properties, and Safe Handling of Commercial Organolithiums: Alkyllithiums, Lithium sec-Organoamides, and Lithium Alkoxides. Org. Process Res. Dev. 2014, 18 (10), 1192–1210. DOI: 10.1021/op500161b
General Description
[bookmark: _Hlk142467483]Pyrophoric reagents are reactive compounds that react vigorously with water, protic solvents, and in some cases oxygen; this either directly results in a fire, or evolves enough heat and flammable gas to strongly risk one. Because of this, they must be handled under an inert atmosphere and in such a way that rigorously excludes air/moisture. Solvents used for these reactions are generally ethereal or hydrocarbon solvents and must be kept dry. Reaction vessels [and sharps?] must be dried in an (###°C) oven for # hours or flame dried and thoroughly purged with inert gas (argon or nitrogen) before use. Cold baths may be used to mitigate the strongly exothermic reactions.	Comment by Morrison, Sean Michael: Edit down to what is appropriate for your lab.
Some are toxic, and many come dissolved or immersed in a flammable solvent. Other common hazards include corrosivity, teratogenicity, or peroxide formation, and pyrophoric reagents may cause damage to the liver, kidneys, and central nervous system. The reagent must be withdrawn from the reagent bottle using an inert gas line and a luer lock syringe or cannula. Addition of the reagent must be done very gradually.	Comment by Morrison, Sean Michael: Edit down to what is appropriate for your lab. If you lab only uses one or the other, not both, ensure that this text reflects that.
Scope and Limitations
This Hazard Control Plan applies to the equipment, chemicals, and tasks described herein.  Any deviation in materials, pressures, temperatures, or other operational parameters specified in this HCP must be evaluated for new potential hazards and necessary controls before implementation of the changes.
Reactions using pyrophoric reagents are run with a variety of reagents and organic solvents. Each of these has their own health and safety risks. The SDS for all reaction components must be consulted prior to setting up the reaction using pyrophoric reagents.
Hazard Identification	Comment by Morrison, Sean Michael: Adjust this checklist according to the SDSs of pyrophoric compounds in your inventory. Include the hazards other than just pyrophoric!
The following chemical and physical hazards have been identified for this process/equipment.  [put “x” in box next to hazards]
	
	Chemical
	
	Physical/Other

	
	Carcinogens
	
	Ionizing radiation

	
	Corrosive Liquids
	
	Radioactive materials

	
	Perchloric Acid
	
	Lasers

	
	Engineered Nano Materials
	
	UV light sources

	
	Flammable Chemicals
	x
	Inert compressed gases

	
	Hazardous Gas (Flammable, Oxidizing, Corrosive, Toxic)
	
	Electrical Hazards

	
	Highly Toxic Chemicals
	
	Heavy material handling equipment

	
	Irritants
	
	Working at Heights (4 foot or higher)

	
	Explosive compounds
	
	High heat

	
	Peroxide formers
	
	Open Flame

	x
	Pyrophoric chemicals
	
	Lithium Batteries

	
	Strong Oxidizers
	
	Noise hazards

	x
	Water Reactive Chemicals
	
	Particulates from machines and operations

	x
	Cryogens and Dry Ice
	x
	Pressure and Vacuum vessels

	
	Teratogens and/or reproductive hazards
	
	Robotic Machinery

	x
	Exothermic reaction/Other chemical reactivity hazards
	
	Shop equipment

	
	
	
	Biological Hazards

	
	
	x
	Exposed blades, needles, etc.

	
	
	
	Aquatic Hazard

	
	
	
	


Training Requirements
Training beyond the standard EHRS lab safety training is required for hazardous lab processes. Hands-on training by a senior lab member experienced in the use of pyrophoric reagents is required before new lab members can perform experiments with pyrophoric reagents. All researchers conducting this experiment must read and understand the applicable SOPs and Fact Sheets in Penn’s Chemical Hygiene Plan.  
After completing the training, the new lab member must obtain approval from the PI prior to commencing work. No researcher may work independently with the hazardous material described in this HCP until the Principal Investigator (or their designee) has ensured that the researcher:
· Has completed all required EHRS laboratory safety training programs.
· Understands the hazards of the materials and risks of the processes involved.
· Has read and understands the contents of the related SOP(s) and/or Fact Sheets on the hazard (available on EHRS’s website) and this task-specific Hazard Control Plan.
· Demonstrates the ability to execute their work according to the requirements in the related SOP(s) and/or Fact Sheets on the hazard (available on EHRS’s website) and this task-specific Hazard Control Plan.


Tasks, Hazards, and Controls
Describe each process step that involves a hazardous material or procedure. Replace the use of “should be/do” statements with “must be/do” statements as much as possible; this reduces the risk of someone misinterpreting “should” statements as optional instructions.
(See Appendix B for an example task description)  

Hazard-Control Table Instructions: (Delete these instructions before submitting your draft)
(See Appendix B at the end of this document for an example of a completed table)
· Fill in the Hazard (e.g. Flammable Chemical, or Toxic Gas, etc.) in the top row. 
· Enter the Risk (e.g. Fire, or Illness/Death due to inhalation).
· Enter the Risk Factors (e.g. For Fire: Strong oxidizers, open flames; For Illness/Death from inhalation: Leaks in tubing, inadequate post-reaction purge time).  
· Define the likelihood and severity of the Risk.
· See Appendix A at the end of this document for definitions of Risk likelihood and severity levels (High(H), Medium(M), and Low(L)).
· Fill-in any hazard controls that are in place or will be put in place. (You do not need to enter a control for each category.)
· See Appendix B at the end of this document for an example of a completed Hazard Control Table.
· It is most efficient to group materials that have similar hazard controls in place, and/or quenching procedures. This way, the fewest number of tables must be written. (e.g. most flammable gases have the same controls, so it is best to create a “Flammable Gas” table).
· If a material has multiple hazards (e.g. Carbon Monoxide is toxic and flammable) and you have other materials that fit one or both hazards, writing tables for both hazards (e.g. “Toxic Gases” and “Flammable Gases”) is sufficient.
· If a material has multiple hazards (e.g. Carbon Monoxide is toxic and flammable) but no other materials fit one of the hazard types (e.g. Carbon Monoxide is your only toxic gas, you have other flammable gases), you may specify extra controls for that material in one hazard table, rather than writing another table (e.g. include “Use a handheld CO detector to detect leaks when working with CO” in your “Flammable Gases” table).
Duplicate the table as many times as is necessary for each hazard and risk of each step.  

1. Setting up a dry ice or liquid nitrogen (LN2) cooling bath	Comment by Morrison, Sean Michael: You do not have to have a cold bath set up for work with pyrophoric reagents. It is just very often done, so the instructions for doing so are included here.

If you know that your reactions with pyrophoric reagents will not use a cold bath, then you may delete this section. Explicitly state that your reactions will not need a cold bath if so.
Reactions using organolithiums, Grignards, or strong amine bases are often run at reduced temperatures using dry ice or LN2 to counteract significant exothermal activity. A common cooling bath is acetone and dry ice to maintain -78 °C reaction conditions. This must be set up in a Dewar-flask. The bath must first be filled with acetone and then dry ice; be mindful to not overfill as when you add the dry ice it will increase in volume and can overflow. Carefully add dry ice while wearing the appropriate cryogenic protection and using a plastic scoop. Add dry ice one piece at a time; adding dry ice too quickly may cause the acetone to bubble over. Eventually, after adding a piece of dry ice the bubbling will decrease greatly and the rate of adding dry ice can be increased. The reaction vessel can then be slowly lowered into the cooling bath. Exercise caution as adding the room temperature flask will cause bubbling to occur and the liquid may overflow.	Comment by Morrison, Sean Michael: Edit the order as appropriate for your lab.

LN2 baths can be prepared in a similar fashion. While wearing cryogen gloves and a face shield, dispense LN2 from the bulk tank using a phase separator into an intermediate atmospheric Dewar storage container. From the intermediate storage container, pour the LN2 into the Dewar flask slowly to prevent excessive bubbling. The reaction vessel must then be lowered into the LN2 very slowly to prevent LN2 from boiling violently and spilling. In both cases, the cooling liquid must have a space of ~3-5 centimeters between the liquid level and top of the Dewar to prevent boiling over. 	Comment by Morrison, Sean Michael: “Dewar flask” specifically describes the often-netted tubes or dishes that glassware is submerged into. For the sake of clarity, I have edited some wording and added an image to keep instructions clear and consistent with their technical terms.
[image: A picture containing cylinder, silver, tableware, metal
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From left to right, examples of a Dewar Flask, an atmospheric Dewar storage container, and cryogenic gloves.
	Hazard:  Cryogens

	Risk
	Likelihood
	Severity
	Risk Factors

	Cold burns
	L
	L
	-Not wearing sufficient PPE
-Rapid addition of dry ice, or adding warm coolant (e.g. acetone) causing the bath to overflow
[Enter any additional risk factors here – conditions or actions that would increase risk]

	Controls

	Administrative [work practices]
	–Be patient when adding dry ice to avoid overflowing. 
–Create cold bath in the order of: acetone first, then dry ice, then the reaction flask.	Comment by Morrison, Sean Michael: Edit the order as appropriate for your lab, as above.
–Create cold bath as close as possible to location of intended use to minimize the risk of spills during transport.
[Indicate any additional work practices taken to increase safety during this process.]

	Engineering
	–Use a plastic scoop for dry ice transfer
–Use a Dewar flask to contain the cooling bath
[Indicate any additional engineering controls in place to increase safety during this process.]

	Personal Protective Equipment
	When filling Dewar flasks with dry ice, wear the following PPE: 
· Safety glasses
· 100% cotton or flame-resistant lab coat
· Solvent-appropriate gloves
· Cryogenic gloves
When pouring liquid nitrogen, wear a face shield in addition to the above PPE.
[Indicate any additional PPE used to increase safety during this process.]

	Other mitigating factors
(inherent risk reduction)
	 


Link to Penn Chemical Hygiene Plan SOP for this hazard: 
SOP: Cryogens and Dry Ice | https://ehrs.upenn.edu/health-safety/lab-safety/chemical-hygiene-plan/standard-operating-procedures/sop-cryogens-and-dry


2. Steps for syringe transfer of a pyrophoric reagent:	Comment by Morrison, Sean Michael: Edit steps as necessary for your lab.
a. [bookmark: _Hlk160095720][bookmark: _Hlk160094808]Prepare flasks of hexanes, isopropanol, and methanol in the fume hood to quench your syringe with after pyrophoric reagent transfer.
b. Dry your reaction vessel by…	Comment by Morrison, Sean Michael: Fill in as appropriate for your lab. Specify the minimum temperature of any ovens used, as well as the number of hours these items must be placed in the oven before use.
c. Clamp the reagent bottle and reaction vessel in place to prevent spillage from tipping. 
d. Prepare your dried reaction vessel by purging it with vacuum/inert gas cycles (see table below for details), connecting it to an inert gas line equipped with a bubbler, and placing a soft stopper on one of its openings.
i. Add non-pyrophoric reagents and dried solvents as necessary and appropriate.
e. To maintain atmospheric pressure in the reagent bottle while measuring reagent, an inert gas supply connected to a bubbler must be inserted into the bottle, through the sure seal. 
f. Select a leak-tested luer-lock syringe with a needle of sufficient length to safely reach the reagent and be able to bend the syringe barrel to be vertical.
i. Syringes can be leak-tested by partially piercing a cork stand and attempting to depress the plunger to about half-volume. Significant resistance will be felt; otherwise, the syringe has a leak, and a new one must be selected. 
g. First the needle must be inserted, and inert gas taken into the syringe. After removing the needle from the sure seal, the inert gas must be expelled. These purges are repeated a total of 3x to remove air from the syringe and needle. 
h. Afterwards, submerge the needle into the reagent layer and draw up the desired volume of pyrophoric reagent. Never fill the syringe barrel to more than two-thirds capacity. 
i. Use a larger syringe barrel or a cannula if more reagent is needed. 
ii. Do not reuse syringes for one reaction.
i. Bring the needle above the surface of the reagent, then tip the syringe barrel upside down. Slowly force bubbles and excess reagent back into the reagent flask. Continue until the exact volume is indicated.
j. Now that the exact volume is indicated, draw the plunger back a short amount to create a headspace of inert gas in the syringe.
k. Hold the syringe barrel and plunger with one hand and carefully extract the needle through the septum with the other. Quickly insert the needle into the (dry) receiver flask, avoiding prolonged exposure to the atmosphere.
l. Press the needle through the stopper in the reaction flask while keeping the syringe chamber pointing upwards. Slowly expel the buffer inert gas into the reaction vessel and then orient the syringe chamber downwards. The reagent can then be added slowly.
m. After the reagent has been entirely dispensed into the prepared reagent flask, pull an inert gas buffer from the reaction flask. Remove the needle with the syringe barrel pointing upwards. 
n. Immediately quench the residual pyrophoric reagent in the syringe by first expelling the buffer gas into the prepared vessel containing hexanes. Then, take up hexanes to fill the syringe entirely. Flush the syringe with hexanes 3x in the same vessel. Repeat this drawing and flushing procedure with the prepared containers of isopropanol and methanol. 
o. [If the reaction needs to be quenched before/during work-up, include instructions here.]
p. Dispose of quenching solutions as hazardous chemical waste and dispose of syringe in an appropriately-labeled sharps container (see Waste Disposal section below).
[image: A picture containing rocket, bottle
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Luer-lock syringe



3. Steps for cannula transfer of a pyrophoric reagent:	Comment by Morrison, Sean Michael: Edit steps as necessary for your lab. This procedure assumes that there is no intermediate receiving vessel, and that all of the pyrophoric reagent is directly transferred to the reaction vessel.
a. Prepare flasks of hexanes, isopropanol, and methanol in the fume hood to quench your cannula with after pyrophoric reagent transfer. Equip each flask with a soft stopper and clamp in place.
b. Dry your reaction vessel and cannula by… The cannula must be allowed to cool to room temperature in a desiccator while awaiting use.	Comment by Morrison, Sean Michael: Fill in as appropriate for your lab. Specify the minimum temperature of any ovens used, as well as the number of hours these items must be placed in the oven before use.
c. Clamp the reagent bottle and reaction vessel in place to prevent spillage from tipping. 
d. Prepare your dried reaction vessel (receiving flask) by purging it with vacuum/inert gas cycles (see table below for details), connecting it to an inert gas line equipped with a bubbler, and placing a soft stopper on one of its openings.
i. Add non-pyrophoric reagents and dried solvents as necessary and appropriate.
e. To maintain atmospheric pressure in the reagent bottle while measuring reagent, an inert gas supply connected to a bubbler must be inserted into the bottle, through the sure seal. The pressure gradient must flow from the reagent bottle to the receiving flask. Establish this by…	Comment by Morrison, Sean Michael: Fill in as appropriate for your lab.

Examples of how this may be done:
-Apply slight vacuum on the receiving flask.
-Connect a bubbler (purged and disconnected from the N2 supply of the Schlenk line) to the receiving flask.
-Puncture the receiving flask with a vent needle.
-Something else?
f. Insert one end of the cannula through the septum of the receiving flask. Insert the other end into the reagent bottle. Once this end of the cannula is submerged, reagent transfer will begin. Keep the cannula submerged until all of the reagent is transferred.
a. If liquid will not flow at an appreciable rate during cannula transfer, consider changing to a wider gauge cannula and/or carefully and securely elevating the delivery vessel above the level of the receiving flask.
g. When all of the liquid has been transferred, first remove the connection to the inert gas line from the receiving flask and then remove the cannula at the reagent flask end.
h. The remaining apparatus may be disassembled in any order, but exercise extreme caution as there will likely be pyrophoric residue remaining.
i. Immediately quench the residual pyrophoric liquid in the cannula by placing one end through the soft stopper of the flask containing hexanes and the other end through the soft stopper of the flask containing isopropanol. Discharge the hexanes through the cannula into the isopropanol by applying positive gas pressure to the hexanes flask and venting the isopropanol flask. Repeat this step by discharging this solution through the cannula into methanol.
j. [bookmark: _Hlk160097176]Dispose of quenching solution as hazardous chemical waste (see Waste Disposal section below).
If you need to measure a precise amount while cannulating, you need to do this by cannulating liquid into a (dry, maintained-under-inert-gas) graduated cylinder or otherwise marked flask which has a single opening with a septum. Then, using a second cannula, transfer the liquid into the reaction flask.
[image: Cannula Transfer 2]

	Hazard:  Pyrophoric Liquid

	Risk
	Likelihood
	Severity
	Risk Factors

	Fire caused by reagent exposure to moisture/air
	M
	M
	–Reagent not fully being removed from the syringe when filling syringe with buffer layer of inert gas
–Buffer gas layer being too thin.
–Pyrophoric chemical container being knocked over.
–Solvent not being dry, or reaction flask not properly being purged with inert gas.
–Forgetting to quench excess reagents/residue.
During quenching:
–Neutralizing solvents may not be dry of water; water reacts too vigorously.
–Quenching solvents added too rapidly, resulting in runaway exothermic reaction.
–Use of flammable solvents in neutralization process.
[Enter any additional risk factors here – conditions or actions that would increase risk]

	Controls

	Administrative [work practices]
	–Do not work alone with pyrophoric chemicals. Notify lab members when the reagent will be used.
–Clear excess solvents and flammable material from surrounding area.  
–Collect reagent in syringe as close as possible to location of intended use to minimize the risk of spills during transport.
–A glass dish of fire sand will be kept in the hood in case of a small fire. The lab’s stock of sand is stored [in location].	Comment by Morrison, Sean Michael: Please specify where the lab more permanently stores its fire sand (or other solid smothering material, such as powdered lime).
–Test the syringe for leaks before use.
–Reaction vessels and cannulae must be dried in an oven (###°C) for at least (#) hours or flame dried and thoroughly purged with inert gas (argon or nitrogen) before use.	Comment by Morrison, Sean Michael: Edit this bullet point to only include the items and drying method employed by your lab.	Comment by Morrison, Sean Michael: Define the minimum set temperature of the oven you use. Define the minimum number of hours that something must be dried for before use (or state that it must be dried overnight).
–Before the addition of pyrophoric reagents the reaction flask must be purged with inert gas with vacuum/argon cycles (3x, X minutes per cycle), or blowing argon through the reaction vessel and out of an outlet needle for: ~1-2 mins (<50mL flasks); ~5 mins (100-500 mL flasks); ~10 mins (>1000 mL flasks)	Comment by Morrison, Sean Michael: Replace with whatever inert gas is appropriate for your lab.	Comment by Morrison, Sean Michael: Please specify how long each cycle must be at a minimum.	Comment by Morrison, Sean Michael: Edit as appropriate for your lab, or delete if not done in your lab.
–Ensure that solvent is thoroughly dried and, if not from the solvent purification system (Room(s) XXXX), sparged with inert gas for 15 minutes before use.	Comment by Morrison, Sean Michael: Edit as appropriate if your lab has a solvent purification system. Otherwise, delete this text.
–Close and store reagent bottle immediately after transferring desired amount.
–Quench the residual pyrophoric reagent inside of syringes and used glassware as soon as possible after use. Do not quench empty manufacturer’s reagent bottles (See Waste Disposal section at the end of this document).
–Thoroughly rinse all glassware with appropriate solution after use and clean thoroughly.
–Do not perform any other procedures in the fume hood until the reaction is complete, materials/waste have been disposed of, and the pyrophoric reagent has been removed from the area.
–Post a sign on the fume hood when a process involving potentially pyrophoric compounds is unoccupied. A template is available for download: Unattended Operations Sign Template
[Indicate any additional work practices taken to increase safety during this process.]

	Engineering
	–Clamp all vessels containing pyrophoric reagents in place.
–Perform all experiments in a fume hood to contain fumes, spills, and fires. Keep fume hood sash closed as much as feasible.
–Use a luer-lock syringe with an appropriately sized needle and properly-fitting plunger or a metal cannula for liquid transfer.
–Inert gas lines must be connected to a bubbler to prevent spills/sprays due to overpressurization.
[Indicate any additional engineering controls in place to increase safety during this process.]

	Personal Protective Equipment
	–Standard lab attire (long pants, fully-enclosed shoes, etc.)
–Safety glasses, 100% cotton lab coat, solvent-appropriate gloves (suitable below 1g or 10 mL of pyrophoric reagent)
–Safety glasses, fire-resistant lab coat, solvent-appropriate gloves (suitable at any scale of pyrophoric reagent)
[Indicate any additional PPE used to increase safety during this process.]

	Other mitigating factors
(inherent risk reduction)
	 


Link to Penn Chemical Hygiene Plan SOP for this hazard: 
SOP: Pyrophoric Chemicals | https://ehrs.upenn.edu/health-safety/lab-safety/chemical-hygiene-plan/standard-operating-procedures/sop-pyrophoric 


4. Solid Pyrophores
Weighing pyrophoric solids must be done in a timely manner to avoid excess exposure to moisture in the air. The pyrophoric reagent must be added to a pre-dried flask and purged with inert gas (see options in table below) before any reagents or solvents are added. 
Once the reaction vessel is in place for the reaction, the pyrophoric reagent will be added next; replenish the inert atmosphere of the stock container of the pyrophoric solid and close it before proceeding. Next add the solvent, monitoring for a reaction; if a reaction occurs at this point, it signifies residual water in the solvent that must be eliminated before proceeding. Add a stir bar if necessary. Gently purge the flask with inert gas one more time to remove oxygen that entered along with the reagent and solvent. Seal the flask and proceed with the reaction.
Weigh papers contaminated with pyrophoric solid must be placed in a recrystallization dish and can be quenched with slow addition of isopropanol followed by water. The weigh paper can be disposed of in the trash. The quench solution will be disposed of in an appropriately labeled liquid waste container. 

	Hazard:  Pyrophoric Solid

	Risk
	Likelihood
	Severity
	Risk Factors

	Fire while working with pyrophoric solid outside of a glovebox.
	M
	M
	–Incompatible solvents being used. Solvent/glassware not dry. 
–Pyrophoric chemical container being knocked over.
–Forgetting to quench excess reagents/residue.
[Enter any additional risk factors here – conditions or actions that would increase risk]

	Controls

	Administrative [work practices]
	–Do not work alone with pyrophoric chemicals. Notify lab members when the reagent will be used.
–Clear excess solvents and flammable material from surrounding area.  
–A glass dish of fire sand will be kept in the hood in case of a small fire. The lab’s stock of sand is stored [in location].	Comment by Morrison, Sean Michael: Please specify where the lab more permanently stores its fire sand (or other solid smothering material, such as powdered lime).
–Reaction vessels must be dried in an oven (###°C) for at least (#) hours or flame dried, then thoroughly purged with inert gas (argon or nitrogen) before use.	Comment by Morrison, Sean Michael: Edit this bullet point to only include the items and drying method employed by your lab.	Comment by Morrison, Sean Michael: Define the minimum set temperature of the oven you use. Define the minimum number of hours that something must be dried for before use (or state that it must be dried overnight).
–Ensure that solvent is thoroughly dried and, if not from a solvent purification system (Room(s) XXXX), sparged with inert gas for 15 minutes before use.
–Before the addition of pyrophoric reagents the reaction flask must be purged with inert gas with vacuum/argon cycles (3x, X minutes per cycle), or blowing argon through the reaction vessel and out of an outlet needle for: ~1-2 mins (<50mL flasks); ~5 mins (100-500 mL flasks); ~10 mins (>1000 mL flasks)	Comment by Morrison, Sean Michael: Replace with whatever inert gas is appropriate for your lab.	Comment by Morrison, Sean Michael: Please specify how long each cycle must be at a minimum.	Comment by Morrison, Sean Michael: Edit as appropriate for your lab, or delete if not done in your lab.
–Ensure that solvent is thoroughly dried and, if not from the solvent purification system (Room(s) XXXX), sparged with inert gas for 15 minutes before use.	Comment by Morrison, Sean Michael: Edit as appropriate if your lab has a solvent purification system. Otherwise, delete this text.
–An empty recrystallization dish will be kept nearby for the quenching of contaminated weigh papers.
–Do not perform any other procedures in the fume hood until the reaction is complete, materials/waste have been disposed of, and the pyrophoric reagent has been removed from the area.
–Post a sign on the fume hood when a process involving potentially pyrophoric compounds is unoccupied. A template is available for download: Unattended Operations Sign Template
[Indicate any additional work practices taken to increase safety during this process.]

	Engineering
	–Clamp all vessels containing pyrophoric reagents in place.
–Perform all experiments in a fume hood to contain fumes, spills, and fires. Keep fume hood sash closed as much as feasible.

	Personal Protective Equipment
	–Standard lab attire (long pants, fully-enclosed shoes, etc.)
–Safety glasses, 100% cotton lab coat, solvent-appropriate gloves (suitable below 1g or 10 mL of pyrophoric reagent)
–Safety glasses, fire-resistant lab coat, solvent-appropriate gloves (suitable at any scale of pyrophoric reagent)
[Indicate any additional PPE used to increase safety during this process.]

	Other mitigating factors
(inherent risk reduction)
	


Link to Penn Chemical Hygiene Plan SOP for this hazard:  
SOP: Pyrophoric Chemicals | https://ehrs.upenn.edu/health-safety/lab-safety/chemical-hygiene-plan/standard-operating-procedures/sop-pyrophoric

5. Work with pyrophoric materials inside of a glovebox	Comment by Morrison, Sean Michael: If your lab does not work with pyrophoric materials in gloveboxes, remove this section, as it is not relevant to your work.

Otherwise, state in what room the gloveboxes are located in the “Location of Process” table section on Page 2.
The use of an inert-atmosphere glovebox greatly diminishes the likelihood and severity of fire when working with pyrophoric reagents. The techniques required to measure and dispense pyrophoric materials are also simplified. In the absence of atmospheric oxygen and water, pyrophoric materials may simply be dispensed directly from their containers, using a luer-lock syringe for most liquids or a spatula for solids.
When removing materials that contacted pyrophoric residue from the glove box, care must be taken to ensure that the materials are either quenched before removal, or sealed in primary containment with inert gas so that they may be transported, then quickly and safely quenched in a fume hood.
	Hazard:  Pyrophoric Material

	Risk
	Likelihood
	Severity
	Risk Factors

	Fire while working with pyrophoric materials inside of a glovebox.
	L
	M
	–Incompatible solvents being used. Solvent/glassware not dry. 
–Breach of inert atmosphere within glovebox.
–Pyrophoric residue exposed to air upon removal from the glovebox via the antechamber.

	Controls

	Administrative [work practices]
	–Check the glovebox atmosphere for air and water before use by using ZnEt2; monitoring for excessive fuming. 	Comment by Morrison, Sean Michael: If your gloveboxes have O2/H2O monitors that you rely on instead, replace this line.
–Check the arms of the glovebox for holes before use.
–Ensure that pyrophoric chemicals are securely sealed within primary containment (at least) before being placed in the antechamber. 
–Determine if used glassware, etc. needs to be quenched before being removed through the antechamber. Quench if necessary. Empty product bottles must not be quenched and will instead be set out for collection by EHRS.
–See the “Waste Disposal” section of this document for detailed instructions on how to manage the removal of potentially pyrophoric from the glovebox.
–Ensure that solvent is thoroughly dried and, if not from the solvent purification system (Room(s) XXXX), sparged with inert gas for 15 minutes before being brought into the glovebox.	Comment by Morrison, Sean Michael: Edit as appropriate if your lab has a solvent purification system. Otherwise, delete this text.
–Post a sign on the glove box when a process involving potentially pyrophoric compounds is unoccupied. A template is available for download:  Unattended Operations Sign Template

	Engineering
	–Use of an inert-atmosphere glovebox to exclude air/water.

	Personal Protective Equipment
	–Standard lab attire (long pants, fully-enclosed shoes, etc.)
–Safety glasses, 100% cotton lab coat, solvent-appropriate gloves (less than 1g / 10 mL of pyrophoric material)
–Safety glasses, fire-resistant lab coat, solvent-appropriate gloves (any scale)

	Other mitigating factors
(inherent risk reduction)
	


Link to Penn Chemical Hygiene Plan SOP for this hazard:  
SOP: Pyrophoric Chemicals | https://ehrs.upenn.edu/health-safety/lab-safety/chemical-hygiene-plan/standard-operating-procedures/sop-pyrophoric
Hazard Control Plan
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Other Considerations
(Not specified elsewhere in this HCP)
Equipment Manual Safety Warnings
[Equipment manuals often come with a “Safety” or “Safety Messages” section that summarizes the “to-dos” and “not-to-dos” regarding the equipment. If a safety manual is available for a piece of equipment used in the procedure specified in this HCP, locate the “Safety” or “Safety Messages” section and copy the contents to here.]
Storage and Transport
[bookmark: _Hlk172194156]Pyrophoric materials must be stored in a FLSC, desiccator, or a refrigerator or freezer rated for the storage of flammable chemicals. In our lab, this corresponds to…. All pyrophoric materials must be stored separately from other non-pyrophoric materials, and free from clutter to avoid knocking the bottle over while removing another reagent. “Separation” can be achieved either through storage in separate secondary containment, on separate shelves, or in separate areas altogether. If transporting a reagent to any location not adjacent to its storage location, an appropriate secondary container, such as a rubber reagent carrier, must be used. 	Comment by Morrison, Sean Michael: List out room numbers and sublocations where pyrophoric chemicals are stored in your lab.

It is also acceptable to list where all acceptable storage locations can be found.  For example: “Pyrophoric liquids must be stored in a fridge rated for the storage of flammable chemicals. These are located in rooms 3090, 4000, and 4010.” This is a good option for labs with fluctuating projects and/or personnel, which would need to move storage locations frequently.
The following is from Penn’s SOP on Pyrophoric Chemicals:
· Pyrophoric chemicals must be stored under an atmosphere (headspace) of inert gas or under an appropriate liquid.
· Do not store pyrophoric chemicals with flammable materials or in a flammable-liquids storage cabinet where other flammable chemicals are stored.
· Store these materials away from sources of ignition.
· Minimize the quantities of pyrophoric chemicals stored in the laboratory. 
· Store bottles of liquid pyrophorics inside the original metal shipping can, if available, to provide additional protection/secondary containment.
· Never return excess chemicals to the original container. Small amounts of impurities may be introduced into the container which may cause a fire or explosion.
· Date containers upon initial receipt and upon opening. Take note of any printed expiration dates on the container label and dispose of them as required. Many pyrophoric reagents become unstable or more dangerous with age.
Waste Disposal
Quenching must only be done for:
· A residue in a container unsafe for transport.
· e.g. Schlenk flasks, round-bottom flasks, and similar glassware should be quenched.
· A container with a SureSeal (or equivalent stopper) must not be quenched.
· Equipment that needs to be reused.
· Minimally contaminated debris/articles that could convey the pyrophoric hazard but can’t be safely packaged and transported (see instructions below).
· e.g. contaminated Kimwipes, gloves, Pasteur pipettes, trash, etc.
· If you have a question about quenching/disposal, contact chem_waste@lists.upenn.edu.

Waste containing air-or-water sensitive materials must be collected and segregated according to the following instructions to facilitate safe handling by researchers and processing by EHRS.

For pyrophore-contaminated materials generated inside of a glovebox:	Comment by Morrison, Sean Michael: If your lab does not own or use a glovebox for handling pyrophoric materials, please delete this section.
A. Minimally contaminated debris/articles that may convey an atmosphere-reactive hazard but can’t be safely packaged and transported:
1. Collect Pasteur pipettes, needles, and other sharps in sharps containers inside the glove box. Collect other one-use glassware (e.g. vials, test tubes, etc.) in a clear, resealable, plastic bag. Collect “soft” solid waste (e.g. used gloves, Kimwipes, weigh boats, etc.) in a clear, resealable, plastic bag separate from the one-use glassware.
0. EHRS-provided 5-gallon plastic bags are recommended for these purposes. These are available on EHRS “supply carts” in the VLEST and Chem Complex buildings, or via request on a waste pickup form.
1. Remove these debris/articles in amounts that are easy to physically handle. Contain any sharps containers in sealed, 5-gallon resealable plastic bags before removing them from the glovebox.
1. Transfer the sealed bags and sharps containers to a dedicated location within chemical fume hood ###	Comment by Morrison, Sean Michael: Please specify the 4-digit ID of the fume hood used to quench lightly contaminated materials coming out of the glovebox.
2. The dedicated location must be in secondary containment, free of other chemicals, and accompanied by a sign indicating the start date of the quenching taking place and a description of the process.
1. Open the bags and sharps containers and allow the contents to air quench for 24 hours.  
1. Mist the solids with water using a spray bottle and lightly agitate* the solids to ensure full exposure to water. Then rest for a further 24 hours.
4. *e.g. gently rock the moistened sharps container back and forth; rearrange the waste contents in the plastic bags by massaging the outside of the bag.
1. Dispose of the solid waste into the appropriate streams:
5. Re-seal the “soft” waste bag and dispose of it as general trash. 
5. Re-seal the glass waste bag and dispose of it in a clean glass waste box.
5. Discard the sharps container as infectious waste (see below).

B. Clearly contaminated debris/articles that convey an atmosphere-reactive hazard but can’t safely be quenched by lab staff:
1. Minimize the generation of these contents (e.g. wipes and gloves used to clean a small pyrophoric materials spill, etc.) as much as possible. 
1. Remove these debris/articles within a clear resealable bag as soon as possible after generation.
1. Deposit the closed resealable bag into another clear resealable bag and label it with a completed yellow hazardous waste tag. Additionally, write the following in Section 4: “Contains Unquenched Pyrophoric Materials”. EHRS staff needs this information to handle the material safely and avoid placing incompatible materials inside the same container.
1. Move the double-bagged, tagged material to a Satellite Waste Accumulation Area.
1. Request EHRS waste pickup using the online form here.

C. Unquenched reagents or solutions in intermediate containers:
1. Atmosphere-sensitive reagents or solutions of atmosphere-sensitive reagents that will not be quenched must be collected in a container that is safe for transport, such as an air-tight, screw-top bottle.
2. When requesting EHRS pickup, remove the closed bottle from the glovebox and transport it to a dedicated location within a chemical fume hood. Do not open the container, but do allow the container to equilibrate with the atmosphere for 24 hours.
3. Use a yellow hazardous waste tag to label the container with all of the constituents of the mixture (e.g. n-butyllithium, hexanes, etc.). Additionally, write the following in Section 4: “Contains Unquenched Pyrophoric Materials”. EHRS staff needs this information to handle the material safely and avoid placing incompatible materials inside the same container.
4. Move the tagged material to a Satellite Waste Accumulation Area.
5. Request EHRS waste pickup using the online form here.

For pyrophore-contaminated materials generated outside of a glovebox:
A. Minimally contaminated debris/articles that may convey an atmosphere-reactive hazard but can’t be safely packaged and transported:
1. Quench non-sharp materials (e.g. soiled gloves, Kimwipes, weigh boats, vials, pipettes, etc.) by rinsing with hexanes, then isopropanol, then water or methanol. Perform these rinses inside of a fume hood as soon as possible after generating the contaminated material. 	Comment by Morrison, Sean Michael: If pipettes are placed in a plastic bag to remove them from a glovebox, they may puncture the bag during the misting process. That is why we recommend quenching and handling them as sharps waste when generated inside of the glovebox. If generated outside of a glovebox, this is no longer a concern, so they may instead be quenched and handled as glass waste. Hence the apparent inconsistency in our instructions.	Comment by Morrison, Sean Michael: These are our suggested, standard instructions for quenching most pyrophores. Please edit/add nuance as necessary for other pyrophores and practices common to your lab.
a. Quenched “soft” materials may be disposed of in the regular trash.
b. Quenched glass materials may be disposed of in a clean glass waste box.
c. [bookmark: _Hlk179971533]Dispose of the used solvents as described below.
2. Quench needles/syringes by first flushing the syringe three times with hexanes in a prepared vessel containing the solvent. Then, flush the syringe with isopropanol another three times. Then, flush the syringe with methanol or water another three times. 
a. Discard the sharp into a puncture-resistant sharps container. Discard the sharps container as infectious waste (see below)
3. Quench cannulae by placing one end through a septum into a vessel containing hexanes and the other end through a septum into a vessel containing isopropanol vented with a bleed needle. Discharge the hexanes through the cannula into the isopropanol by applying positive gas pressure to the hexanes flask and venting the isopropanol flask. Repeat this step by discharging this solution through the cannula into another flask containing methanol or water.

B. Clearly contaminated debris/articles that convey an atmosphere-reactive hazard but can’t safely be quenched by lab staff:
1. Materials that are heavily contaminated with pyrophoric substances are likely to catch fire if (accidentally) generated outside of a glovebox. No attempt should be made to quench these materials. Fire mitigation or evacuation procedures should be performed instead. (See “Building/Lab Specific Emergency Procedures” below.)

C. Quenched reagents and solutions used to quench other materials:
1. Collect quenched reagents and other solutions used for quenching in a separate container(s) from other wastes. 
2. Use a yellow hazardous waste tag to label the container with all of the constituents of the quenched mixture (e.g. for quenched n-butyllithium solutions: list the reaction products “lithium hydroxide,” etc. along with other waste components; do NOT write “n-butyllithium quench,” or “n-butyllithium”). EHRS staff needs this information to handle the material safely and avoid placing incompatible materials inside the same container.	Comment by Morrison, Sean Michael: This example text applies to n-butyllithium. Please provide an example appropriate to the quenched waste specified in your HCP.
3. Move the tagged material to a Satellite Waste Accumulation Area.
4. Request EHRS waste pickup using the online form here.

[bookmark: _Hlk149815506][bookmark: _Hlk142040222]All quenched sharps used in delivery of pyrophoric material must be disposed of in a puncture-resistant, infectious waste sharps container clearly labeled "CHEMICAL CONTAMINATED SHARPS -- DO NOT AUTOCLAVE". Discard the sharps container as infectious waste without autoclaving when it is 3/4 full.
EHRS will take unwanted (full, used, or empty) reagent containers as hazardous waste. DO NOT place a vent needle into the septum to “air quench” the bottle. Place a yellow waste tag on the container and submit it to EHRS’s EHS Technicians using the online form here. If you are concerned that a reagent bottle will deflagrate/detonate/etc. if moved for waste pickup, contact chem_waste@lists.upenn.edu for advice.
Building/Lab Specific Emergency Procedures
[bookmark: _Hlk156303721][bookmark: _Hlk157433937][bookmark: _Hlk170815855][bookmark: _Hlk142039977][Indicate where the nearest eyewash and safety shower are located. Refresh the lab group on the emergency phone numbers and evacuation procedures. Include any special emergency response or spill clean-up instructions for this particular process.]	Comment by Morrison, Sean Michael: The following are some examples of suggested wording: 

The first example specifies the exact locations of each piece of equipment, and is preferred. This is practical for smaller labs.
“Safety showers can be found in Rooms 201, 202, and 204, near the exits to the hallway. Eyewashes can be found in the same rooms both at the showers and at the sinks located furthest from the exits of those rooms. An eyewash is also located at the one sink in Room 203.”

The second example does not specify the exact locations, but at least identifies which rooms have showers and codifies that researchers are responsible for planning where their nearest shower/eyewash is in case of an emergency.
“Safety showers and eyewashes can be found throughout Rooms 3001-3021, except for room 3015 which has no shower. Prior to performing the procedure, each researcher must know where the eyewash and safety shower is nearest to the hood they are working in. It is the responsibility of the whole lab to ensure that the eyewashes and safety showers are unobstructed/accessible.”	Comment by Morrison, Sean Michael: Specify where the nearest building emergency exit is, how to get to it, and (if necessary) how to use it.
[bookmark: _Hlk174531742][Consider “what-if” scenarios – is there something external that could fail, such as loss of running water, loss of fume hood exhaust, etc. impact the safety of your operation? How would you respond if you were mid reaction, or could not easily get to your reaction to stop it? Provide a brief overview of some relevant scenario(s).]	Comment by Morrison, Sean Michael: What I can think of for glove box work: 
-Mechanical/electrical malfunction
-Glove tear
-Something else?

What I can think of for Schlenk line work:
-HVAC malfunction
-Loss of power
-Loss of house N2
-Something else?

(The solution to many of these are likely the same, and can be discussed together as a result.)
[bookmark: _Hlk136960013][bookmark: _Hlk170816144][bookmark: _Hlk172195157]During a fire emergency, the University of Pennsylvania’s Division of Public Safety – Fire and Emergency Services (FES) emphasizes safe evacuation as top priority. While evacuating, shut the fume hood sash (if applicable) and close doors behind you. Notify emergency services of the fire and its location by either of the following methods: 
· Pulling the nearest fire alarm manual pull station while you evacuate the building, or
· If on the Philadelphia campus, calling 215-573-3333, or 511 from a campus phone.	Comment by Morrison, Sean Michael: Delete whichever one of these is not relevant to your lab. It is most likely the latter point that is irrelevant.
· If at New Bolton Center or Morris Arboretum & Gardens calling 911.
Incipient fires with a mundane fuel source (e.g. pure flammable solvents, nonhazardous lab trash) may be fought to assist oneself or another to evacuate, or to control a small fire. In case of a small, incipient fire of this nature, a [specify class] fire extinguisher can be found in [location]. Only fight such a fire if: 	Comment by Morrison, Sean Michael: If your department prefers that you never attempt to fight a fire, delete this section.

You can find out this information by contacting your department.	Comment by Morrison, Sean Michael: Class A, Class B, Class ABC, etc.	Comment by Morrison, Sean Michael: Room number and any other more specific detail.
· You have received hands-on training at Penn on how to use a portable fire extinguisher.
· It is safe to do so, and the fire is not located between you and your exit.
· The fire is still contained to the original fuel source and has not begun to spread.
· You are not alone.
· The appropriate type of extinguisher is available.
[bookmark: _Hlk157434167]Many pyrophoric reagents must not be extinguished using a CO2 fire extinguisher. Many pyrophoric materials fires can be classified as a “Class D: Combustible Metals” fire. While a Class D fire extinguisher can be found in [location], and is, per OSHA, required for labs working with materials that could cause a Class D fire, FES discourages their use in favor of evacuation. This is because not all Class D fires can be extinguished by any one kind of Class D fire extinguisher. If a pyrophoric materials fire breaks out, your role is to evacuate and inform FES of what materials are fueling the fire.	Comment by Morrison, Sean Michael: Please fill in this information.
If one is not available for your lab, please let us know in your email to us.
Small incipient fires with an exotic fuel source (e.g. pyrophoric or explosive chemicals, reaction mixtures containing highly corrosive, toxic, or other hazardous chemicals) may be attempted to be immediately smothered using [a dry extinguishing agent, such as powdered lime or sand]. A dry extinguisher must be readily available where work is performed; the [Your Lab]’s stock of sand is stored in [location], and a portion must be brought to the fume hood where work with pyrophores takes place. Small fires occurring at the tips of needles used to transfer liquid pyrophores can be extinguished by immersing them in a beaker of sand. If using sand does not immediately put out the fire, do not continue fighting the fire; evacuate the area and notify emergency services as described above. 	Comment by Morrison, Sean Michael: Replace instances of “sand” as necessary if you use powdered lime or another alternative.
Do not feel compelled to fight a fire if you are not comfortable doing so. Evacuation is always an acceptable option.
[bookmark: _Hlk170816792]After notifying emergency services of a fire, please notify EHRS of the fire at 215-898-4453.
In case of an incident which causes life-threatening or otherwise severe injury in need of immediate medical care call 215-573-3333 or 511 from a Penn campus phone. For injuries that are not immediately life-threatening, or are otherwise minor, rinse any contaminated areas in safety shower for at least 15 minutes, then seek treatment at one of the following locations: 
Faculty and Staff:

Go to Occupational Medicine:
HUP RAVDIN 2nd floor, 34th & Spruce Streets
Hours:  8:30am - 3:30 pm
Phone:  215-662-2354
An appointment is not required for a new injury or exposure. 

Go to Emergency Service at HUP or Penn Presbyterian after hours:
HUP:  Pavilion (1 Convention Avenue)
Penn Presbyterian: Myrin Building (51 N 39th St.)

Students:

Go to Student Wellness during hours:
3535 Market Street, Suite 100
215-746-3535

Go to Emergency Service at HUP or Penn Presbyterian after hours: 
HUP:  Pavilion (1 Convention Avenue)
Penn Presbyterian:  Myrin Building (51 N 39th St.)

Do not hesitate to call EHRS for assistance with compressed gas leaks or exposure concerns. 24-hour EHRS on-call phone number: 215-898-4453
Contact Penn Police (511 from a Penn campus phone or 215-573-3333) if the leak involves a fire, imminent risk of fire, an injury requiring an ambulance, or if there is a hazard that may affect others in the building.
Optional attachments:  	Comment by Morrison, Sean Michael: Please delete/replace this section before submitting your HCP.
· Safety Data Sheets
· Operation Manuals for Equipment
· Experimental Procedure
· List of Individuals Trained and Authorized on this Procedure
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Likelihood
---------------------------------------------------------------------------
Low:
To the best of your knowledge, this has not happened in the past with the same or similar equipment/material/location.
And
This would not be expected to occur under normal operating conditions
And
This would only be expected to occur in the event of a rare upset condition.
---------------------------------------------------------------------------
Medium:
To the best of your knowledge, this has not happened in the past with the same or similar equipment/material/location.
And
This would not be expected to occur under normal operating conditions.
And
This would be expected to occur under reasonably anticipated upset conditions.


---------------------------------------------------------------------------
High:
This is known to have happened in the past with the same or similar equipment/material/location.
And/or
This could occur under normal operating conditions.
And/or
This could occur under reasonably anticipated upset conditions.






---------------------------------------------------------------------------
Severity
---------------------------------------------------------------------------
Low:
This would not cause an injury or exposure that would require medical evaluation or treatment.
And
No permanent damage to equipment or facility would result.
And
Damage would not result in downtime of more than a few hours.

 --------------------------------------------------------------------------
Medium:
Injuries or exposures would not exceed first-aid level treatment and would not result in any lost work days due to injury.
And/or
Minor equipment or facility damage would result.
And/or
Damage would result in downtime of a few hours or more.
And/or
A hazardous material spill clean-up would need to be done by the lab.
 --------------------------------------------------------------------------
High:
Injuries or exposures would require medical treatment beyond first-aid and/or would result in lost work days due to injury.
And/or
Serious equipment or facility damage would result.
And/or
Damage to the facility would be beyond the lab/room of origin.
And/or
Damage would result in more than one day of downtime.
And/or
External hazmat team required for hazardous material spill clean-up
---------------------------------------------------------------------------




Appendix B:  EXAMPLE TASK/HAZARDS/RISKS/CONTROLS
1. Diluting hydrofluoric acid
Hydrofluoric acid (49%) is poured from a 500-mL bottle through a plastic funnel into a 25-mL plastic graduated cylinder to the 11-mL mark.  Any excess acid that was dispensed is poured from the graduated cylinder back into the bottle.  The 11-mL of hydrofluoric acid are then poured into a 250-mL plastic beaker containing 50 mL of D.I. water.
Photo of Equipment/Process if available





(See Example Hazard-Control Table on Next Page)


 EXAMPLE HAZARD-CONTROL TABLE
	Hazard:  Highly toxic and corrosive chemical (Hydrofluoric acid)

	Risk
	Likelihood
	Severity
	Risk Factors

	Serious burns to eyes or skin from hydrofluoric acid exposure
	M
	H
	Chemical spill/splash
Poor housekeeping practices/contaminated surfaces
Using funnels/vessels made of material incompatible with HF.

	Controls

	Administrative [work practices]
	-Label the area where HF is stored and used; a warning sign labelled “Hydrofluoric Acid Use in This Area” must be present near the workspace to alert other lab members of the work taking place.
-Do not work with HF when alone in lab. Notify lab mates before working with HF.
-Use an appropriately sized funnel for the size of the graduated cylinder.
-Close HF bottle immediately after pouring chemical. Do not leave the bottle open.
-Wipe off the outside of bottle with a damp paper towel after use.  
-Clean up all spills immediately. Ensure that no puddles or droplets are on the work surface when done.
-Immediately remove gloves if they become contaminated. 
-As soon as possible after completing task, remove gloves and wash your hands.
-Thoroughly rinse all labware immediately after use.
-Do not perform any other procedures in the fume hood until all HF work is complete, the waste has been collected, and equipment and materials have been cleaned, properly discarded, or removed from the area.

	Engineering
	-Conduct this task only inside of a designated, functioning chemical fume hood (####).
-Use the chemical fume hood sash as a barrier to shield your face and as much of your body as possible while performing this task.
-Use a metal clamp to secure the graduated cylinder from tipping during pour.

	Personal Protective Equipment
	-Standard lab attire (long pants, fully-enclosed shoes)
-Single 8-mil-thickness nitrile gloves, 100% cotton lab coat, an HF-resistant lab apron, and safety goggles must be worn properly at minimum when conducting the reaction. 
-EHRS also strongly recommends working with a face shield, HF-resistant gloves, and HF-resistant arm sleeves (if not already a part of the glove) for all work with HF.
-Neoprene is a common HF-resistant material for PPE, but always check with the manufacturer for HF resistance before purchasing.

	Other mitigating factors
(inherent risk reduction)
	-An HF exposure kit with non-expired calcium gluconate gel is available in the lab near fume hood #### where HF is stored and used. 
-Training is provided to all lab workers on the location and use of the kit.
-The lab will routinely check the expiration date of the calcium gluconate in the exposure kit and will replace the tube as needed.


Link to Penn Chemical Hygiene Plan SOP for this hazard: 
Fact Sheet: Hydrofluoric Acid | https://ehrs.upenn.edu/health-safety/lab-safety/chemical-hygiene-plan/fact-sheets/fact-sheet-hydrofluoric-acid 
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