Standard Operating Procedure

Waste Fluorescent Bulb Management

1.0
Purpose
To ensure that spent mercury light bulbs and spent mercury filters are properly managed before disposal.  The State of Virginia allows mercury bulbs to be crushed onsite before being sent offsite for reclamation.

2.0
Scope

This procedure applies to the fluorescent bulb crushing station located in the Carpentry Shop.
3.0
Description of Facility

All waste fluorescent bulbs generated across The College of William and Mary are transported to the Carpentry Shop, where they are crushed and ultimately taken offsite by a registered transporter as a universal waste for reclamation or disposal. 

Inside the Carpentry Shop, a mechanical Bulb Eater® unit is attached to a steel 55-gallon drum.  The bulbs are fed into the mechanical Bulb Eater® unit and the crushed contents are stored inside the drum.  The Bulb Eater® unit is specifically designed for crushing bulbs and contains a filtration unit that is responsible for processing airflow to remove mercury-containing vapors and dusts.  Key features of this unit are shown in the picture below.
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4.0
Authority and Responsibility

1) The Operations & Maintenance (O&M) trades personnel are responsible for collecting, boxing, and labeling the spent bulbs, transporting them back to the Carpentry Shop for crushing, and operating the Bulb Eater® unit.  
2) Each operator is responsible for safe operation of the Bulb Eater® unit during the time of his/her use of the equipment.  

3) The Associate Director, O&M is responsible for safe management and maintenance of the Bulb Eater® unit and the area in which it is used.
4) The EH&S staff are responsible for inspecting the bulb crushing area and equipment monthly, moving full 55 gallon drums of spent bulbs to the central accumulation area, and coordinating the reclamation or disposal of the crushed bulbs. 

5.0
Analysis of Special or Unusual Hazards 

Mercury is a known toxin.  Special care must be taken to ensure that mercury vapors and/or dust cannot escape from the bulb crushing drum and that the filters on the Bulb Eater® unit are changed per manufacturer recommendations.  See Attachment 1 for an analysis of hazards that are associated with bulb crushing activities.
6.0
Hazard Controls
See Attachment 1 controls that are associated with bulb crushing activities.
7.0
Procedure 
Collecting and Crushing the Bulbs

1) Trades personnel will collect the spent bulbs throughout The College of William and Mary as needed and place them in boxes that are labeled “Universal Waste Mercury-containing Lamps.”  Trades personnel will write the accumulation start date on the box/label when they begin filling the box with spent bulbs.  When each box is full, seal the box and take it to the Carpentry Shop for immediate crushing using the Bulb Eater® equipment.   Under no circumstance shall collected bulbs be stored in boxes for more than 24 hours prior to crushing them in the Bulb Eater® unit.  
2) Prior to operating the Bulb Eater® unit, the operator will put on safety glasses (high impact).    
3) To operate the Bulb Eater® unit, follow the procedures provided in Attachment 2 to this SOP.  The procedures can also be found in the Bulb Eater® Model 55 VRU-U Premium Owner’s Manual.  A copy of the Owner’s Manual is co-located with the Bulb Eater® equipment.  The Associate Director, O&M also maintains a copy or you can obtain an electronic copy online at:  http://www.aircycle.com/docs/vrsu_premium.pdf.
4) When the drum is full, the Associate Director, O&M, or his designee, will contact the Hazardous Waste Coordinator (HWC) to request removal of the full drum to the Central Accumulation Area (CAA).  The HWC will also provide an empty 55-gallon drum replacement.  
5) Once replaced, the Associate Director, O&M, or his designee will label the new drum “Universal Waste Mercury-containing Lamps” and include the accumulation start date. The drum may not be kept in service for more than one year from the date of initial accumulation.

Monthly Inspections

6) The HWC, or alternate, will inspect the bulb crushing station on a monthly basis.  The inspection will consist of monitoring the level of crushed bulbs in the drum, observing the area for any open and unmarked containers of bulbs, and ensuring that there are not any crushed bulbs on the floor or surrounding area.  The HWC will also ensure there is an adequate supply of replacement filters and that all associated records/labels are being kept current.  Periodically, the HWC will take grab samples for mercury vapors to verify that vapor levels are maintained below OSHA permissible exposure limits.
Maintaining the Filter and Unit

7) To change the filters, follow the procedures provided in Attachment 3 to this SOP.  The procedures can also be found in the Bulb Eater® Model 55 VRU-U Premium Owner’s Manual.  
8) Bulb Eater® operators will complete the Bulb Eater® maintenance log each time the spent filters are replaced or any other maintenance is performed on the unit.  A copy of the log is at Attachment 4.
Spill Response

Contact the Director, EH&S at 221-2146 in the event of a spill.
8.0 Special Environmental Controls 

Mercury Spill Kit will be maintained in the Carpentry Shop at bulb crushing area.
9.0
Training Requirements

Read this procedure and the Operator’s Manual
Mercury Spill Kit Use training
10.0
Unusual Emergency Procedures

None
11.0
Instrument Calibration Requirements 

None
12.0
Inspection Schedules 

See Section 7.0

13.0
References or Associated Documentation
1)  9 VAC 20-60-273 – Guidance for management of bulb crushing devices
2)  9 VAC 20-60-1505 – Additional Universal Wastes – Mercury-containing   

     Lamps
3) Bulb Eater® Model 55 VRU-U Premium Owner’s Manual
4) The Bulb Eater® Model 55 VRS Mercury Emissions’ Sampling and Evaluation Report by Geo-Centers, Inc., January 6, 2003

5) Survey and Initial Evaluation of Small On-Site Fluorescent Lamp Crushers by Susan Davis, Office of Pollution Prevention and Technology Department, Department of Toxic Substance Control, April 2001

6) Mercury Spill Kit information sheet
14.0 Records 

1) Monthly inspection checklist

2) Drum crusher maintenance log
Attachments

1) Table 1 – Hazard Analysis & Controls for Bulb Crushing Activities

2) Bulb Eater®  Operating Procedures 
3) Premium Bulb Eater® Filter Change Procedure 
4) Drum Crusher Maintenance Log
5) Broken Bulb Clean-up Procedure

Attachment 1

Table 1.  Hazard Analysis & Controls for Bulb Crushing Activities

	Hazard
	Cause
	Engineering Control
	Administrative Control & PPE

	Mercury vapor exposure from bulbs broken during storage and handling
	Bulbs not protected from breakage between time removed from service and drop off at the Carpentry Shop 
	a) Place bulbs in labeled cardboard boxes for transport and temporary storage

b) Store boxes near Bulb Eater® in area away from personnel traffic and work areas
	Follow procedure to minimize potential for breakage



	Mercury vapor exposure from bulbs broken during insertion into Bulb Eater® entry tube
	Entry tube is not correctly sized for the bulb  
	Select the appropriate size entry tube based upon the diameter of bulbs to be crushed
	Follow procedure in SOP Attachment 1 on Bulb Eater®  operation to minimize potential for breakage 

	Mercury vapor exposure from bulbs broken by forcing them down correctly sized Bulb Eater® entry tube
	Insufficient suction (negative pressure) to draw tube through the entry tube
	With system powered, place gloved hand over entry tube opening to check for suction.  If low suction:

a) Check log to determine if filter replacement is needed.  Replace filters if appropriate

b) If filters good, then contact Air Cycle Corporation Customer Service:  1-800-909-9709
	Follow procedure in SOP, Attachment 2 Premium Bulb Eater® Filter Change Procedure



	Mercury vapor exposure after Bulb Eater® unit  has been shut down
	Failure to replace the rubber plug on bulb entry tube when unit is not in use
	Replace the entry tube plug immediately after you shutdown the equipment 
	Follow procedure in SOP Attachment 1 on Bulb Eater®  operation 

	Mercury vapor exposure after Bulb Eater® unit  has been shut down
	Removal of crushing lid <15 minutes after equipment shutdown
	Bulb Eater® is equipped with a “Delay Open” indicator to allow a 15 minute purge of the vapors created inside the drum during bulb crushing.  Wait the full 15 minutes while the filtration system purges vapors


	Follow procedure in SOP Attachment 1 on Bulb Eater®  operation 

	Hazard
	Cause
	Engineering Control
	Administrative Control & PPE

	Mercury vapor exposure while Bulb Eater®  is in operation
	Operating the Bulb Eater®  without 1st and 2nd stage filters
	
	Follow SOP Attachment 1 on Bulb Eater®  operation for equipment assembly and inspection prior to operating the Bulb Eater®

	Mercury vapor exposure while Bulb Eater®  is in operation
	Crushing more than one full drum of bulbs in an 8-hour period
	
	Check with Air Cycle technical representative at 1-800-909-9709, ext. 1032.



	Mercury vapor exposure while Bulb Eater®  is in operation
	Bulb becomes wedged while entering drum through entry tube
	General ventilation 

Grab the bulb and gently pull the bulb up an inch or two, then release the bulb.  If this does not clear the jam, turn off the equipment, wait 15 minutes for the vapor purge to complete.  While waiting, contact Air Cycle Corporation Customer Service at 1-800-909-9709 for instructions on how to clear the jam.  


	Respirator with activated charcoal filter may be required depending upon the exposure time involved to clear the equipment jam. 



	Mercury exposure during filter replacement
	Failure to place label over 1st stage filter entry hole
	
	High impact safety glasses and nitrile disposable gloves

 Follow steps for replacing 1st stage filter in the SOP, Attachment 2 Premium Bulb Eater® Filter Change Procedure.



	Mercury dust exposure during filter replacement
	Compressing 1st stage filter during handling
	
	Avoid compression of 1st stage filter to minimize release of mercury-laden dust.



	Mercury vapor exposure during filter replacement
	Failure to store spent 1st & 2nd stage filters in a sealed bag until drum is full.
	
	Spent filters that are replaced before the drum is full must be stored in a sealed plastic bag (ziplock) to avoid mercury release.  

Once drum is full, filters may be placed on top of the crushed glass inside the drum prior to securing the drum lid.



	Mercury vapor exposure during drum change out
	Full drum of crushed bulbs is left uncovered 
	Use Bulb Eater® in a well ventilated area.
	Practice lid removal-drum change out prior to equipment use to ensure the operation is performed efficiently.

Never leave a drum of crushed lamps open without a lid in place for longer than 2 minutes.



	Mercury and phosphor particulate residue
	Failure to wear protective gloves during spinner replacement
	
	High impact safety glasses and nitrile disposable gloves

Place used spinner and used gloves in a sealed plastic bag for storage until disposal.



	Foot injury
	Crushing/bruising injury from material handling practices when moving drums.  Note:  A full drum can weigh >500 lbs.
	Hand truck or forklift to move drum
	Steel-toed shoes

	Hand injury
	Crushing/bruising injury from improper material handling practices when moving drums.  
	
	Wear gloves at all times during bulb crushing operations

(Best Gloves KPG960)



	Eye injury
	Broken bulb(s) during  handling – bulbs can “explode” upon impact and propel pieces of glass up to 20 feet from the impact point

Bulb beaks insertion into the Bulb Eater® entry tube.
	
	Wear high impact, wrap-around-type safety glasses that comply with ANSI Z87.1 – 2003.  If glasses are not the wrap-around type then side shields should be added.

	Hazard
	Cause
	Engineering Control
	Administrative Control & PPE

	Back injury
	Improper material handling practices when moving drums.  Note:  A full drum can weigh >500 lbs.


	Hand truck or forklift
	Follow NIOSH lifting rules to include two-man rule for moving drum onto hand truck

	Cuts
	Broken bulbs [when broken, fluorescent bulbs can explode sending glass pieces out in all directions as far as 20’ away]
	Bulb Eater® minimizes bulb handling and storage space.
	High impact safety glasses and gloves (Best KPG960)



	Environmental release
	Crushed bulb drum spill

Improper disposal of bulbs
	
	Call Director, EH&S at 221-2146 for spill response assistance


Note:  In all cases, administrative controls include the Waste Fluorescent Bulbs Management Standard Operating Procedure and the Bulb Eater® Model 55 VRU-U Premium Owner’s Manual.

Attachment 3
Premium Bulb Eater® Filter Change Procedure

1st Stage Filter changed twice every full drum of crushed lamps

2nd Stage HEPA Filter changed at least once every 10 drums of crushed lamps

1. Confirm that the Bulb Eater® is clearly “off” and not operating.

2. The operator must wear the following personal protective equipment when changing any of the two

Bulb Eater® filters:

• Safety glasses or protective goggles

• Gloves

** Note that spent filters must NEVER be unattended. Spent filters must either remain in the blue filter case attached to the unit, be sealed in the drum of crushed lamps, or bagged (i.e. ziplock) to avoid mercury release. DO NOT DISPOSE OF FILTERS IN THE TRASH**

Replacing the 1st  Stage filter:

1. Locate the right-hand door on the blue filter case of the Bulb Eater®.

2. Remove black nozzle from blue door and immediately cap the end of the black nozzle to prevent dust from falling to the floor.

3. Press the yellow label marked PUSH on the far most right edge of the curved blue filter case to open the filter case door.

4. Carefully remove the door from the blue filter case.

5. Immediately place a circular white label from your Bulb Eater® filter kit over the center hole on the front of the 1st Stage filter. This prevents mercury-laden dust from escaping during the change-out process. 
6. Once the entry hole to the 1st Stage filter is safely covered with the white label, grab each side of the brown cardboard front of the filter with both hands.

7. Carefully pull the 1st Stage filter slowly out of the blue filter case and place it on top of the crushed glass within the drum for disposal. Avoid compression of the filter to minimize the release of mercury-laden dust.

8. Insert a new filter into the filter case, making sure the cardboard “front” is securely in place and the bag portion of the filter is unfolded and beside the cartridge, not rolled up in front of the cartridge.

9. Replace the blue door and verify that it is latched.

Replacing the 2nd Stage HEPA filter:

1. Follow steps 1 through 7 above

2. Locate the 2nd Stage filter in the middle of the blue case.

3. Rotate the filter a quarter turn to the left (counter-clockwise).

4. Once the HEPA cartridge is free, carefully remove it from the blue filter case and place it in the full drum along with the crushed lamps and 1st Stage filters for disposal.

5. Replace both filters and replace the blue door, verifying that the door is secure.

WARNING! Only lamps and filters (placed on top of the crushed glass) can be inside the drum! No extraneous materials or liquids! Do NOT place filters anywhere inside the drum other than on top of crushed lamps.

Air Cycle Corporation – (800) 909-9709

Attachment 4
Bulb Eater® Maintenance Log

	Date
	Maintenance Action Taken
	By Whom
	Comments

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Attachment 5

Procedure for Cleaning Up Broken Bulbs


Try and avoid breaking bulbs as mercury will be released into the atmosphere. But, if a bulb does break:

Keep all people away from breakage area so mercury-containing powder is not tracked into other areas. Mercury may be bound to the broken glass and powder.

Ventilate area for 15 minutes, and keep area well ventilated. This allows mercury vapors to dissipate.

Assemble necessary supplies: latex gloves, tweezers, tape and a puncture resistant (ex. plastic) container.

Wearing the gloves, carefully pick up any broken glass and place in puncture resistant container. Tweezers can be used to safely pick up broken glass. Tape can be used to pick up small pieces of glass and powder residue left on spill surface. 

Use two pieces of cardboard to push together remaining powder and fragments of glass. Finish clean up by sweeping if necessary.

Important: Do Not Vacuum!! If you do, mercury residue in the vacuum is heated up and vaporized when the vacuum is used again.

After clean up is complete, placed contaminated clean-up equipment along with any other materials that came in contact with the mercury powder into the puncture resistant container or a sealable plastic bag.

Label all containers “Hazardous Waste-contains Mercury.”  Be sure to date the container with the date you sealed it for disposal pick-up.

Contact the EH&S Office for removal of the waste container to the Central Accumulation Area.
Note:  Procedures adapted from the Association of Vermont Recyclers, http://vtrecyclers.org/index.php?name=schooltechassistance&ID=15#bulbs.

Control panel equipped with:  Power On button, Start & Stop switches, “Lid Open” interlock indicator, “Full Drum” sensor indicator, and “Drum Open” delay indicator for 15 minute automatic purge





Activated charcoal formulated with sulfur.  The mercury vapors are captured in the charcoal filter media and bound by the sulfur into a amalgam and thus bound in the carbon bed.





55-gallon steel drum will hold up to 1,350 crushed bulbs





Bulbs enter here to be crushed.  The unit uses negative pressure to draw the tube through the pipe.  At the end of the pipe is a “spinner” that crushes the bulb as it passes through.   





Filtration unit that contains the 1st stage filter and the 2nd stage HEPA filter








The electric motor that spins a chain (the spinner) inside the drum to break each inserted bulb.








Date:  July 14, 2006  
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