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Standard Operating Procedures for
Gel Electrophoresis

Electrophoresis:
A chemical separation technique which separates molecules based on their size and electrical charge.  

Introduction

Many gel electrophoresis units are used for laboratory purposes routinely without incident.  However, these apparatuses can be a major source of electrical hazard in the laboratory.  The presence of high voltage and conductive fluid in this apparatus presents a lethal combination.  Gel electrophoresis machines have the potential to operate at 2000 volts and deliver a lethal shock over 80 milliamps.  Even gel electrophoresis operating at 100 volts can deliver a lethal shock at a current of 25 milliamps.  In addition, a slight leak in the device tank can result in a serious shock.  These devices also pose chemical hazards as a result of the often hazardous chemicals used in the gel boxes for catalization, denaturing, staining, and solubilizing (i.e.,formamide, phenol, acrylamide, etc.)

Training Requirements

Only trained and qualified personnel are permitted to operate gel electrophoresis equipment.  Supervisors are responsible for ensuring that all personnel/students using this equipment are trained to use it in a safe manner.  Instructions should include operating procedures written by the manufacturer and laboratory, as well as the associated hazards, the correct personal protective equipment (e.g., lab coats, gloves, and eye protection), and applicable emergency procedures.  As with all safety training, this instruction should be documented. 

Pre-Operation

· Select a good location for the placement and use of the equipment.  Place the unit on the laboratory bench in such a way that the power supply (on/off switch) is easy to reach, so it is not necessary to reach across the apparatus, and the power-indicator light is easily seen.  Select a location where it will not be easily knocked over or tripped on.  Avoid unintentional grounding points and conductors such as sinks, metal plates, jewelry, other metal objects or surfaces.  

· Inspect the apparatus to be used.  Examine the insulation on the high voltage leads for signs of deterioration (e.g., exposed wires, cracks or breaks, etc.)  Check the buffer tanks for cracks or leaks, and missing covers.  

· Ensure that all switches, lights, and all safety interlock features are in proper working condition and that “Danger-High Voltage” warning signs are in place on the power supply and buffer tanks. 

· Report any and all machine deficiencies prior to use and use only apparatuses in proper working condition.

· Make sure adequate clearance is established around the apparatus.  Never allow the leads to dangle below the laboratory bench. 

· Locate all emergency power source shut-off locations. 

Operation

· Don all appropriate personal protective equipment (gloves, laboratory coat, and eye protection). 

· Never work alone using this apparatus or leave the machine in operation unattended. Unauthorized persons may accidentally come in contact with the unit or the buffer tank liquid may evaporate, resulting in a risk of fire.
Use the “Buddy System” which may be viewed at http://www.usp.edu/safety/policies/alone.htm to ensure that emergency services can be notified if someone is injured or exposed.  

· Be aware that high voltage surges can occur when the apparatus is first turned on, even if the voltage is set to zero. 

· Changes in load, equipment failure, or power surges could raise the voltage at any time. 

· Make sure that the power is off before connecting the electrical leads.  Connect both supply leads at the same time (to prevent one lead from being live in your hand) to the power supply before turning on the power supply.  Otherwise, connect one lead at a time using one hand only.  

· Ensure that your gloved hands are dry while connecting leads.  A thin film of moisture can act as a good conductor of electricity. 

· Always think and look before touching any part of the apparatus.  Never touch any part of the apparatus while the power is “ON”, not even the plastic parts.  

· If the electrophoresis buffer (the conductive fluid) is spilled or is leaking from the gel box, stop the run, turn off the equipment, clean up the bench top and inspect the device immediately before proceeding.  

· Never open the gel box lid or reach inside the gel box until the power has been turned off. Do not rely on safety interlocks, as they may fail. 
· Do not override safety devices. 

Post-Operation

· Turn off the main power supply switch and wait 15 seconds before removing the lid and/or making any disconnection or connections.  This ensures proper time was allowed to ensure complete voltage discharge. 

· Properly dispose of the conductive fluid and gels. [View Guidelines for Ethidium Bromide Disposal]
Hazards of Gels
· Ethidium Bromide, commonly used to visualize nucleic acid, is a potent mutagen and should be handled with caution, even when mixed in the gel. Ethidium Bromide can be absorbed through the skin so it is also important to avoid any direct contact with the chemical. 
· Various catalysts, denaturants, stains and solubilizing agents contain a variety of chemicals, including formamide, phenol and acrylamide.  This can result in unforeseen results.  For example, a Canadian university analyzed agarose gels and found heavy metals, even though no metals or metal-containing reagents were used in the gel preparation.  Presumably, the metals leached from the electrical contacts while the electrophoresis took place.  
· Acrylamide is a potent nerve toxin in its unpolymerized state and poses significant hazards. Although it is less toxic when polymerized, when making gels, the polymerization process is never fully complete and small amounts of acrylamide monomer are always present. 
· Handle gels with caution, wear gloves and wash hands often. 
· Measure, mix and handle all hazardous powdered chemicals or gel prep mixtures with hazardous components in the fume hood (e. g., acrylamide monomer, ethidium bromide, phenol, ammonium persulfate and formaldehyde). 

· Purchase pre-made gels or pre-mixed acrylamide and ethidium bromide solutions instead of making your own. 

· Consider using ethidium bromide substitutes.

· Always review the material safety data sheet and other sources of hazard information prior to working with any hazardous material. 
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