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(EPA), and has been approved for publication. Approval does not
signify that the comments necessarily reflect the views and
policies of the EPA, nor does nention of trade nanes,
organi zati on nanmes, or conmercial products constitute endorsenent
or recommendation for use.



PREFACE

This project was funded by EPA' s Control Technol ogy Center
(CTC) and prepared by EC/ R Incorporated. The CIC was established
by EPA's O fice of Research and Devel opnent (ORD) and O fice of
Air Quality Planning and Standards (QAQPS) to provide technica
assistance to State and local air pollution control agencies.
Several |evels of assistance are provided by the CTC. First, a
CTC HOTLINE is available to provide tel ephone assistance on
matters relating to air pollution control technol ogies. Second,
nore in-depth engi neering assistance is provided when
appropriate. Third, the CIC can provide technical guidance by
desi gni ng techni cal gui dance docunents, devel opi ng persona
conput er software, and presenting wor kshops on technol ogy
matters. The CTC al so serves as the focal point for the Federal
Smal | Busi ness Assistance Program nmaintains the Reasonably
Avai | abl e Control Technol ogy/ Best Avail abl e Control
Technol ogy/ Lowest Achi evabl e Em ssi on Rate (RACT/ BACT/ LAER)

Cl eari nghouse, and provides access to the d obal G eenhouse Gases
Technol ogy Transfer Center. Information concerning all CTC
products and services can be accessed through the CTC Bulletin
Board System (BBS) which is part of the OAQPS Technol ogy Transfer
Net work (TTN).

This report is the result of a request for technical
assistance fromthe Florida Departnent of Environnental
Protection. Florida was concerned about potential nercury
em ssions and control options for a proposed facility that would
crush fluorescent lanmps for recycling. This report presents an
eval uati on of mercury em ssions fromthe crushing of fluorescent
[ight bulbs. Background information on mercury-containing
fluorescent |anps and their disposal is also presented. These
[ ight bulbs are crushed as the first step in recovery of mercury,



or disposal of the bulbs in a landfill or incinerator. Three
different crushing systens are described in detail, and
variations on these systens are al so di scussed. The report
describes the air pollution controls on each system and

em ssions of nmercury fromthe crushing process are estinmated.
This information provides the basis for evaluating the potenti al
for mercury em ssions fromthe crushing of fluorescent |ight

bul bs, and the efficacy of available air pollution controls in
[imting these em ssions.
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1.0 | NTRODUCTI ON

1.1 PROQIECT GOAL

This project is sponsored by the Control Technol ogy Center
(CTC) of the U S. Environnental Protection Agency (EPA), Research
Triangle Park, North Carolina. The purpose of this project is to
eval uate the processing of spent fluorescent |anps, and
technol ogy for the control of nercury emssions fromthis
process. The procedure involves crushing fluorescent |ight
| anps, which results in mercury em ssions, either in liquid or
vapor form The |anps are crushed as the first step in
reprocessing. Subsequent to crushing, the broken | anps are
either landfilled, incinerated, or recovered. This study
addresses em ssions fromthe crushing of fluorescent |anps and
the initial handling of the resulting crushed material. The
study does not cover subsequent mercury recovery and refining
oper at i ons.

1.2 OVERVI EW OF DOCUMENT

Thi s docunent provides brief background information on the
use and di sposal of fluorescent |anp tubes. The major enphasis
of the docunment is on the lanp crushing process and associ at ed
mercury em ssion control devices. Three different crushing
processes are discussed, as well as the air pollution controls in
practice, and the resulting air em ssions. This provides the
basis for an evaluation of the effectiveness of various crushing
nmet hods and the efficacy of different air pollution controls.
Sone rel evant variations on these crushing processes are al so
described, along with their potential for em ssions. This
docunent does not address the retorting of nercury-containing
material for the recovery and recycling of elenental nercury, or



t he di sposal of mercury-containing wastes, resulting from
crushing operations, in landfills. However, these operations are
menti oned incidentally throughout the docunent, as they are

cl osely associated with crushi ng operati ons.

2.0 BACKGROUND | NFORMATI ON ON FLUORESCENT LAMPS
2.1 LAWP USAGE

Fl uorescent |anps are widely used in businesses, as they
provi de an energy-efficient source of lighting. The comerci al
and industrial sectors dom nate usage of fluorescent | anps,
accounting for over 90 percent of total usage.' Approxinately
five hundred million | anps were manufactured in 1991." It is
possi ble that this nunber will increase substantially, as the EPA
pronotes the use of fluorescent lighting as part of its Geen
Li ghts program which is designed to reduce energy consunpti on.
Each lanp has a lifetine of three to four years under normal use.

Fl uorescent lights are designed so that approximtely half of
themwi ||l operate after 20,000 hours of operation.’ Wiere these
| anps are being used on a snmall scale, they are generally
repl aced as they burn out, one at a tine. However, in |arge
conpani es and industries, this method is not practicable, and,
therefore, group relanping is done on a regular basis.

Typically, group relanping is perfornmed at 15,000 hours, or 75
percent of the lanp's rated life." This translates to

repl acenent every two years for continuous operations, and every
three to five years for noncontinuous operations, which are nuch
nore conmon. Approximately 20 percent of all lanps are currently
repl aced annually." Goup relanping operations generate |arge
guantities of |anps to be disposed of at a single tine.

2.2 DESCRI PTI ON OF FLUORESCENT LAMPS



A typical fluorescent lanp is conposed of a seal ed gl ass
tube filled with argon gas at a | ow pressure (2.5 Torr), as well
as a low partial pressure of mercury vapor, thus the tube is a
partial vacuum“?® The inside of the tube is coated with a powder
conposed of various phosphor compounds. The conposition of this
powder is shown in Table 1.' Tungsten coils, coated with an
el ectron emtting substance, formelectrodes at either end of the
tube. Wen a voltage is applied, electrons pass from one
el ectrode to the other. These el ectrons pass through the tube,
striking argon atons, which in turn emt nore electrons. The
el ectrons strike nmercury vapor atons and energi ze the nmercury

Table 1: Elenental Analysis of Used Fluorescent Lanp Powder®
El ement Concentration
(rmg el enent/ kg phosphor

powder )

Al um num 3, 000

Ant i nony 2,300

Bari um 610

Cadmi um 1, 000

Cal ci um 170, 000

Chr om um 9

Cobal t 2

Copper 70

l ron 1, 900

Lead 75

Magnesi um 1, 000

Manganese 4,400

Mer cury 4,700

Ni ckel 130

Pot assi um 140

Sodi um 1,700

Zi nc 48




vapor, causing it to emt ultraviolet radiation. As this
ultraviolet light strikes the phosphor coating on the tube, it
causes the phosphor to fluoresce, thereby producing visible
light. Thus, the nercury in these lanps is critical to the
production of light. The life of the lanp is determ ned by the
life of the electron producing coating on the cathode, which
di mi ni shes as the lanp is operated.” The nost commonly used
fluorescent lanmp is the 40 watt, 4 foot |ong tube, although
smaller, larger and differently shaped | anps are al so used.'®
The amount of mercury in fluorescent |anps varies
consi derably wi th manufacturer, and even possibly within
manuf acturers.” Tables 2 and 3 show the mercury content of used
and new fluorescent |anps nmade by various manufacturers. These
results are froma study conducted by Science Applications
I nternational Corporation for the EPA.> The National Electric
Manuf acturers Associ ation (NEMA) estimates that in 1990, the
average fluorescent |anp contained 41 ng of mercury per |anp.
NEMA predicts that this will decrease to 27 ng by 1995.°

2.3 DI SPCSAL OF LAWPS

In a study report prepared for EPA O fice of Solid Waste by
Research Triangle Institute (RTI) entitled "Managenent of Used
Fl uorescent Lanps: Prelimnary Ri sk Assessnent,"” it is estimated
that approximately 600 million | anps are di sposed each year.'®
Currently, the largest fraction of |anps are disposed in the
waste stream 82 percent of |anps are landfilled, 16 percent are
incinerated, and only 2 percent are recycled.' RTI estinates,
based upon Departnent of Commerce data and industry information,
that the total anmount of mercury entering the U. S. nunici pal
solid waste systemannually (1989) is 643 My." The contribution
fromfluorescent |anps is approximtely 24.4 My, or 3.8 percent.’

The amount of mercury emtted froma spent | anp depends on



Table 2: Mercury Content of Used Fl uorescent Lanps®

Manuf act ur er Mercury Concentration

(mg of nercury/l anmp)
West i nghouse 21.0
West i nghouse 16.6
West i nghouse 17.2
West i nghouse 61.5
Ceneral Electric 24. 4
CGeneral Electric 23.1
Ceneral Electric 0.72
Ceneral Electric 36.1
CGeneral Electric 115.0
CGeneral Electric 27.2
Dayt on 22.5
Phillips 17.5
Ceneral Tel ephone & Electric 48. 0
M ni num 0.72
Maxi mum 115.0
Aver age 33.14
St andard Devi ati on 28.91

the way the lanp is handled after it is changed. Discarded | anps

may be transported in two ways: in garbage trucks as household or

commercial trash, or in closed vans or trailers as part of a bulk

rel anmpi ng program

In the former case, used |lanps are sinply

di sposed in a dunpster, which is then transported to the |andfil

by a garbage truck.

It is assuned that all of the lanps in

garbage trucks are broken and that vaporized nercury in these

trucks finds its way to the atnosphere.’ In the case of bulk

rel anpi ng prograns,

t he di scarded | anps are packed in corrugated



containers fromwhich the new | anps were taken and are then



Table 3: Mercury Content of New Fl uorescent Lanps®

Manuf act ur er Mercury Content
(mg of nercury/l amp)
CGeneral Electric 35.8
CGeneral Electric 40. 2
Ceneral Electric 29.3
Ceneral Electric 33.0
Ceneral Electric 18.8
CGeneral Electric 15.1
Ceneral Electric 14. 3
Ceneral Electric 15.7
CGeneral Electric 19.1
Ceneral Electric 20.5
Ceneral Electric 44. 8
Ceneral Electric 15.7
M ni mum 14. 3
Maxi nmum 44. 8
Aver age 25.19
St andard Devi ati on 10. 87

| oaded into enclosed vans or trailers for renoval to a landfill.
In this case, it is assuned that few | anps are broken and
practically all of the mercury is retained in the landfill."

In any case, recovery of the nmercury in |anps appears to be
desirable, in that the net amount of mercury ultinmately rel eased
to the environment is reduced. The recovery process begins with
the crushing of lanps to extract the white phosphor powder, which
contains the bulk of the nercury. This powder is then put into a
nmercury retort to recover elenmental nmercury.

There are presently few nercury recycling facilities in the



country. Mst facilities are located in California or M nnesota.
The State of M nnesota is now enforcing a requirenment passed by
the M nnesota Pol lution Control Agency (MPCA) on May 8, 1992 that
decl ares used fluorescent and high intensity discharge |anps with
specified | evels of nmercury are hazardous waste, and as such nust
not be landfilled if a recycling option is available.® The State
of Mnnesota is also requiring that businesses store their spent
lanps until such a facility is available to them?® This has

provi ded a substantial inpetus to devel opnent of recycling and
recovery operations in Mnnesota.’®

2.4 MERCURY EM SSI ONS

The di sposal of mercury-containing fluorescent |anps and the
potential for em ssions therefromis of concern because nercury
is a highly toxic heavy netal, which bioaccunul ates through the
food chain.' Mercury also has a vapor pressure of 2X10° mm (25°C)
and is volatile at roomtenperature. Em ssions of nmercury in
[iquid or vapor form therefore, need to be considered. The
vol atilization pathway is especially significant with respect to
human health concerns, as it results in anbient concentrations of
mercury that can be absorbed through various pathways.' These
i nclude direct inhalation, or ingestion through the consunption
of contam nated food products, particularly fish. Estimtes on
gl obal and national mercury em ssion vary w dely.

EPA's estimates of U.S. anthropogenic nercury em ssions are
somewhat inconplete, but indicate |levels around 309 My/yr."*

Coal -fired power plants, nunicipal solid waste conbustors and

i ndustrial sources account for 110 My, 58 My, and 32 My per year,
respectively (note that this is a worst-case estimate for coal -
fired power plants; i.e., all mercury in the coal is enmitted).”
Based upon air em ssion and mass bal ance i nformation received
fromthe MRT AB nmercury recovery system RTI estimates that only



0.005 My of nmercury are emtted each year fromall recycling

pl ants conbi ned.” This nunber may have increased somewhat,
because there are nore recycling plants operating now than there
were at the tinme of the study.

3.0 LAMP CRUSH NG PROCESSES

The crushing of fluorescent |anps to separate the glass from
t he phosphor powder in the lanmp is comonly the first step in
recycling of mercury; although sone conpani es use ot her nethods,
such as renoval of the phosphor powder by air vortex or by
flushing with hydrochloric acid.® Although separation of the
phosphor powder and, hence, the nercury, fromthe glass and netal
endcaps i s necessary for recycling and recovery of mercury, it is
not done only to facilitate this process. Crushing of nercury-
containing fluorescent lanps is also done in order to reduce the
vol une of the |anps being disposed in landfills.

In this section, several different systens used for the
crushing of fluorescent |anps are described. Information was
gathered from RTI's "Managenent of Used Fluorescent Lanps: A
Prelimnary Ri sk Assessnent,"' and through conversations wth
different individuals involved in the processing of fluorescent
| anps. These individuals were fromboth recycling conpani es®®"®
and State agencies. ™’

Three different crushing systens are described in detail in
the follow ng sections. These are: (i) the basic crushing
system (ii) the MRS crushing system and (iii) the Mercury
Technol ogi es crushing system The basic systemused to crush the
fluorescent lanps is quite simlar in many cases, and is a
relatively sinple process. Mst of the differences between
crushing systens reside in the air pollution controls they have
in place to control nmercury em ssions fromthe crushing process.

Thus, in the discussion of each system particular attention



will be paid to the controls in place, and, where data are
avai l abl e, the efficacy of those controls in reducing or
elimnating nmercury em ssions into the environnent.

3.1 BASIC CRUSH NG SYSTEM

3.1.1 Crusher Desi gn

The sinplest of crushers is essentially a single unit, with
a crusher nmounted on top of a barrel, usually a 55-gallon drum
This systemis used in many industrial facilities to crush their
fluorescent lanps as a neans to reduce the solid waste vol une
before disposing the material in a landfill.” 1In this version,
light lanps are hand-fed to a feeder chute of variable | ength and
dianeter. This chute is not necessarily |longer than the |anps
being fed into it. The lanps pass to the crushing unit,
typically consisting of notor-driven bl ades, which inplode and
crush the lanps. From here, the crushed powder drops into the
barrel bel ow the crusher.

3.1.2 Air Pollution Controls

In the sinplest of these systens, there are no air pollution
controls on the device.” The crushed |anps are collected in
druns until they are full, and then the full druns are
transported to one of several facilities. The crushed materi al
may then be separated into glass, netal, and powder conponents.
Typically, the untreated powder is then deposited in a landfill.

This is currently the nost common net hod of disposing these
lanps.” Alternatively, the barrels may be transported to a
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mercury recovery facility, which will separate the nercury-
cont ai ni ng phosphor powder fromthe crushed glass and al um num
endcaps, and recycle all the materials.

A nore sophisticated version of this barrel-nmounted crusher
utilizes a negative air exhaust systemto draw the crushed debris
and prevent it fromreemerging through the feeder tube.” The
drawn air is then passed through a Hi gh Efficiency Particul ate
Air (HEPA) filter to renove particulate matter fromthe exhausted
air flow The crushed material is then disposed in one of the
manner s di scussed above.

3.1.3 Eni ssion Points and Esti mates

In the sinplified crushing systens di scussed above, there
are several emission points. The feeder tube itself is a
potential em ssion point. The length of this tube, as well as
the length of the |anps being crushed, affects the magnitude of
em ssions fromthe feeder tube. Additionally, the juncture
bet ween the crushing unit and the receiving barrel belowis a
possi bl e em ssion point, depending on how well the connection is
sealed. Finally, an em ssion point of concern is the collection
barrel itself. \Wenever this barrel is renoved fromthe crushing
unit for disposal at another facility, the open area of the
barrel constitutes a potential em ssion point. Al these points
are rel evant when there are no air pollution controls in place.
In the nodified case, where negative air is enployed, em ssions
t hrough the feeder tube may be reduced or elimnated entirely,
dependi ng upon the strength of the air flow

11



I n many cases, actual em ssion estimtes have not been
determ ned; rather, occupational exposure estimates have been
derived from anbient air nmeasurements taken in the workplace.™
For the case of the sinplified system di scussed above, Kirschner,

et. al., conducted a workplace study of nercury em ssions froma
simlar fluorescent |anp conpaction unit. In this case, the
conpaction was performed to reduce volune prior to landfilling.

This unit consisted of a crusher nmounted on top of a 30 gallon
drum with a feeder tube of an unspecified length. Wen the
study was undertaken, no air pollution controls were in place on
this device. The scientists observed significant dust em ssions
fromthe nouth of the feeder tube, and the juncture between the
crusher and the collection drum Indoor ambient air nonitoring
reveal ed anbient nmercury levels that varied widely with different
| amp i nputs (possibly due to manufacturer variability).
Nonet hel ess, the neasurenents indicated | evels of nmercury near
to, as well as above the Occupational Safety and Health
Administration (OSHA) limits of 0.05 ng/mi. " Results of this
study are shown in Table 4. During the test, 300 | anps were
crushed in a 20 mnute period, yielding an average operati onal
crushing rate of 15 lanps per minute.” The researchers concl uded

Table 4. Airborne Mercury Levels Associated with
Fl uorescent Lanp Conpaction Unit (ng/m)™

Area Sanpl es Per sonnel
Sanpl es
Sanpl e A B C D E OSHA
Limt
D stance (ft.) 5 20 50 15 20
Backgr ound 0.0002 0.0010 0.0006 --- --- 0. 05
Trial 1 0.31 ---- ---- 0.54 0.65 0. 05
Trial 1, Time  ---- ---- ---- 0.02 0.03 0. 05
Wei ght ed
Aver age
Trial 2 3.00 0. 09 0. 10 2.23 1.82 0. 05
Trial 2, Time ---- ot 0.12 0.10 0. 05
Wei ght ed

Aver age




that such uncontrolled fluorescent |anp crushers should be
considered emitters of mercury.™

Several controls were put in place in the crusher to
determine if nmercury em ssions could be reduced: 1) gasketing was
applied to seal the area around the connection between crusher
and drum 2) the crushing unit was housed entirely within a shed
whi ch allows fluorescent |lanps to be fed in from outside; and
3) a 55 gallon disposable barrel was substituted for the

collection barrel. In the third control, the disposable barrel
becane the final waste receptacle. Wen filled it was disposed
directly to the conpany's sanitary landfill, rather than being

enptied into a dunpster, thus elimnating one step in the
transfer process, and reduci ng enpl oyee exposure to nercury
em Ssi ons.

Prelimnary tests indicated that all these nmeasures were
useful in reducing emissions.” Nonetheless, the authors
concl uded that fluorescent |anp crushing units should be
considered emtters of nercury unless ventilation and adsor bent
capabilities, such as carbon filters, are added.

A further exanple of the problenms with uncontrolled crushing
devices is illustrated in the case of Quicksilver Products.’
Thi s conpany, located in California, briefly entered the business
of fluorescent lanp crushing. Their |anps were crushed outside
in aunit mounted on top of a 55 gallon drum An air separation
system was used to renove the phosphor powder and nercury from
the glass. This facility was cl osed down for violations of safe
operating practices. Extensive contam nation was found around
the facility; high concentrations of nmercury were neasured in the
soil, rinse water, and on a nearby roof.

3.2 MRS CRUSHI NG SYSTEM

3.2.1 Crusher Desi gn

13



Mercury Recovery Services (MRS) is a nmercury recycling plant
| ocated in California. The information about their crushing
process presented bel ow was provi ded by the conpany.’ The
fluorescent |anmp crushing apparatus operated by MRS is nore
sophi sticated than the basic system described above, particularly
internms of the air pollution controls. The process currently in
operation is described in detail here. However, the conpany is
in the process of devel oping a new design which wll be patented,
t hus, specific information on the new design is proprietary and
is not included in this report. MRS did indicate that the new
systemw || include a self-loading apparatus where |lanps will be
deposited for delivery to the crusher, and a totally encl osed
operation to separate the gl ass, endcaps, and phosphor powder
within the system

The current crusher operated by MRS is a hand fed apparat us
with two feeder chutes. One chute is 5 feet |ong, to accommodate
4 foot lanps, and the other tube is 9 feet, in order to
accommobdate 6 to 8 foot |lanps. Each chute is placed at an angl e,
and has a 9 inch by 12 inch opening, which can acconmopdat e
several lanps at a tinme. The |anps are delivered down this
angl ed tube onto a notor driven bl ade nmade of heavy gauge
hardened steel rotating at 2700 rotations per mnute. The
rotating bl ades inplode and crush the lanps as they arrive. The
crushing unit has an operating capacity of 62.5 | anps per m nute.

A vacuum system col l ects air from beneath the crusher
preventing nercury laden air fromexiting through the feed tube.

Material collected in the vacuum system first passes through a
cycl one separator. This renoves glass particles, which drop into
the drum Air fromthe cycl one separator contains phosphor
powder and some nercury vapor. These are renoved by further
controls, as discussed bel ow

At the end of the process, the glass and al um num are sent

14



to recyclers. The phosphor powder is sent to a nercury recovery
conpany for retorting and recovery of the mercury.

3.2.2 Air Pollution Controls

After passing through the cyclone, the air is pulled through
to a baghouse, where 9 fabric filters trap particulate matter in
the air stream Every 45 seconds, these fabric filters are
cleaned with a reverse pulse of air. The air leaving the
baghouse is typically conposed only of air and nercury vapor.
This air and nercury vapor m xture continues through several nore
particulate matter filters and HEPA filters, to ensure that al
particul ates have been renoved. From here, the exhaust is
delivered to two 250-pound activated carbon beds, which trap the
mercury vapor. These carbon beds are replaced at saturation,
typically after two years. The airflowis then directed through
yet nore particulate matter filters to trap any carbon that may
have been carried along fromthe activated carbon beds.

At this point in the air pollution filter chain, a five to
ten horsepower punp exhausts the air flow into a nediator
(essentially an area where air fromthe different sources is
m xed prior to discharge into the warehouse area). Air is also
bei ng punped fromthe contai nnent roomthrough the nediator on a
conti nuous basis, and subsequently to another series of
particulate filters and nore activated carbon. Therefore, air
fromthe crushing unit and the containnent roomis mxed, after
filtration, and discharged into the warehouse area. Thus, in
addition to cleaning the exhaust air fromthe crushing unit, the
systemcleans the air in the containnment roomsix tinmes per hour.

Air flow through the filter chain is 25 cubic neters per mnute
(900 cubic feet per mnute), on average. The entire crushing
systemand filter chain is enclosed within a contai nnent room
which is itself within a warehouse. After all air has passed

15



through the entire filter system and been cl eaned, it is punped
into the contai nnent roomand to the warehouse, essentially a
cl osed | oop system The only exchange of air with outside
anbient air would occur incidentally in the warehouse, such as
when doors are open and cl osed, or at points in the warehouse
that are not airtight.

The entire process is vacuum seal ed and nonitored
continuously for leaks and to ensure that air in the containnent
area is in conpliance with OSHA regulations. In the case of a
| eak, work ceases until the leak is repaired, and then resunes.
Effectively, the only tinme where |evels of nmercury in the
wor kpl ace may approach the OSHA linit of 0.05 ng/mi, is when
| anps have been dropped and broken.’” No efficiencies of control
devices are cited; rather, MRS nonitors constantly and bases
their determ nation of adequacy on neasured nercury levels in the
wor kpl ace.

3.2.3 Eni ssion Points and Esti mates

This crusher is designed to ensure that there is no | eakage
of air fromthe system’ The opening through which the lanps are
fed is a potential em ssion point, but strong negative air flow
pul l'ing on the crushing apparatus prevents em ssions from
resulting. Additionally, the negative air flow ensures that the
entire filter process is vacuum seal ed. The entire systemis
continuously nonitored for | eaks.

No em ssion estimates are available for this particul ar
process, because the conpany nonitors constantly for conpliance
with OSHA as its standard and bases their determ nation of
control device adequacy on neasured anbient nmercury levels in the
wor kpl ace. As noted above, the MRS crusher is controlled by a
conmbi nation of fabric filtration and carbon adsorption.

To provide a basis for estimation of control device
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effectiveness in the fluorescent |anp crushing process, EC/ R
i nvestigated other industries where carbon adsorbers are used to

control nmercury emssions. |In the chlor-alkali industry, carbon
adsorbers applied to nercury vapor streans attain outl et
concentrations under 50 parts per billion (ppb), and sonetines as

low as 1 ppb."” Although outlet concentrations have not been
measured for a lanp crushing operation, it is reasonable to
assune that conparabl e concentrations could be attained if the
carbon adsorption systemis well designed and oper at ed.
Therefore, using outlet concentrations fromthe chl or-al kal
plants and the reported airflow for the MRS unit, mercury

em ssions would range fromO0.2 to 10 ng per mnute. [According
to Bob Roberts, president of MRS, nonitoring indicates anbient
mercury levels well belowthe OSHA limt of 0.05 ng/mn.]

3.3 MERCURY TECHNOLOG ES CRUSHI NG SYSTEM

3.3.1 Crusher Desi gn

Mercury Technol ogies of M nnesota is one of only three
conpanies in the United States using this particular technol ogy.°®
The original devel oper of this technol ogy was Mercury
Technol ogi es Corporation, a conpany that operates a nercury
recycling and recovery facility in Hayward, California. The
systemis a conpletely enclosed design that feeds fluorescent
lanps in one end to a crusher, passes the exhaust through an
extensive filtering system and delivers the powder to a therma
reduction unit (TRU), which recovers the nmercury fromthe
phosphor powder.® Thus, this systemcarries out the entire
mercury recycling process, fromthe crushing of fluorescent |ight
anps to the retorting and reclamati on of nercury from phosphor
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powder .

Lanps are hand-fed into feeder tubes of different |engths,
dependi ng upon the size of the | anps being processed. |If 4-foot
| anps are being processed, they are fed into a tube that is 5
feet long, and if 8-foot |anps are being processed, they are fed
into a 9 foot feeder tube. The lanps are fed to the crusher,
whi ch i npl odes and crushes the lanps into small fragments. The
operating capacity of the unit is 60 |anps crushed per m nute.

As with the MRS operation, the entire process is conducted
under negative airflow. The crushed debris is exhausted first to
a cyclone, where the larger particles, such as crushed gl ass and
al um num endcaps are separated out. At this point, nmuch of the
phosphor powder drops out into a cyclone hopper. Fromthis
col | ection hopper, the phosphor powder, containing nmercury, is
transferred to the TRU via an encl osed auger conveyer, as
described in the follow ng section.

3.3.2 Air Pollution Controls

After the cyclone, the airflow proceeds to a baghouse, where
fabric filters continue to renove particulate matter fromthe
airstream The fabric filters are cleaned with a reverse pul se
mechani sm and the powder that drops out here is also routed to
t he cycl one hopper. The air stream | eaving the baghouse proceeds
to a HEPA filter, and then to a potassium i odi de-i npregnat ed
carbon filter. This renoves the mercury vapor, by precipitating
it in the formof nercuric iodide (no renoval efficiencies were
cited). The air in the building that houses the self-contained
unit is also under continual negative air pressure. Thus, al
this air is drawn through the entire filter systemas well.

There is no exhaust to the outdoors. Rather, all air is
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recircul ated back into the workplace. Air flow through the
systemis approximately 18 cubic neters per mnute (650 cubic
feet per mnute).

From t he cycl one hopper, the powder, which consists mainly
of 6 to 12 ymparticles, is auger-conveyed to the TRU. An auger
conveyor is a tube with a 6-inch dianeter, and a screw or heli x-
I i ke conponent that pushes the powder up through the tube to the
TRU. Here, the powder is retorted to recover separate fractions
of elenmental nmercury and phosphor powder.

3.3.3 Eni ssion Points and Esti mates

Because of the design of this nercury recycling and recovery
system there is virtually no | eakage of air fromthe | anp charge
chute. As with the MRS system descri bed above, the entire
process is carried out under negative air pressure, which
prevents em ssions fromthe nouth of the feeder tube.

Furt hernore, because recovery of the mercury is carried out in

t he sane self-contained unit as |anp-crushing, there is no point
where the transfer of phosphor powder to a subsequent processing
device can result in em ssions.

Mercury Technol ogi es of M nnesota nonitors their indoor air
regularly, and the conpany consistently operates w th indoor
| evel s of mercury of approximately 0.005 ng/ni, which is an order
of magnitude lower than the OSHA linit.® The plant is shut down
if levels reach 0.01 ng/m.

No information is avail able regarding the particul ar
effectiveness of different control devices; instead, the facility
relies upon its workplace nonitoring to ensure that em ssions are
restricted or elimnated. As previously stated, carbon adsorbers
applied to nmercury vapor streans in other industries typically
achieve outlet nmercury concentrations under 50 ppb, and sonetines
as lowas 1 ppb.” If it is assumed that these levels are
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attained by the Mercury Technol ogi es system then using these
outl et concentrations and the reported air exhaust rate for the
crusher, nmercury em ssions would range fromO0.14 to 7 ng per

m nut e.

3.4 OTHER VARI ATI ONS

The crushing systens di scussed above denonstrate the range
of avail abl e technol ogy, and are generally representative of the
fluorescent |anp reduction and recycling industry. After the
nost sinple crushing units have been expanded upon, nost of the
di fferences between crusher systens result fromdifferences in
pol lution control devices. Several industry representatives
contacted during this study articulated the feeling that the
basi ¢ crushers nmounted on top of barrels are inadequate nethods
and pol lute excessively.*"® This is due to the fact that,
al t hough nost of the nercury is contained in the phosphor powder,

a consi derabl e percentage of the mercury is in vapor form and
therefore will not be renoved by particul ate capture nethods.
This leads to an environnental problemin the formof nercury
em Ssi ons.

3.4.1 Tr ansf er Oper ati ons

Renoval of the collection barrel (55-gallon drunms) fromthe
col l ection device (e.g., cyclone separator, baghouse) and pl aci ng
the seal and Iid on it constitutes a potential em ssion point.
The 55-gallon druns are Departnent of Transportation-approved
vessels, and are sealed as soon as they are renoved fromthe
crushi ng device. USALights of Mnnesota said that this procedure
is carried out very rapidly to minimze emissions.® The workers
involved in this operation all wear respirators and protective
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clothing during the operation to mnimze their exposure to
mercury. USALights replaces its barrels about once every two
weeks.

Typically, when facilities do not recover nmercury on-site,
they nust ship it el sewhere for further processing. In
M nnesota, this is done under a hazardous waste mani fest, and al
mercury is shipped with a |icensed hazardous waste transporter.”®

3.4.2 Renoval of Endcaps

An operation which is not discussed in detail here, because
it does not involve crushing of the light lanps, is carried out
by a conpany call ed Lighting Resources.' Lighting Resources
received a variance for treatnent of used fluorescent lanps in
California in January 1991. The variance all ows operation of
equi pnent as a prototype unit to determ ne optinmal treatnent
condi ti ons.

I nstead of crushing the |lanps, this conpany's process cuts
of f the endcaps, thereby releasing the vacuumin the | anp, and
t hen renoves the phosphor powder with an air vortex. The
phosphor powder is then collected in a cyclone separator. The
process is operated at a | ow tenperature (actual tenperature
val ue was not reported) in the process roomto reduce
vol atilization of mercury.’

3.4.3 MRT AB Mercury Recovery Systens

MRT AB, a conpany based in Sweden with worl| dw de operations,
has one of the nore refined nercury reclamati on operations in the
world.* The operation is a full scale systemfor the recovery of
mercury fromfluorescent |anps, batteries and other nercury-
contai ning waste. They use a batch distillation retort to
reclaimthe nercury, and have devel oped a nodul ar design that
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allows their plants to handle wi dely varying nunbers of inputs
(lamps). The smallest of their units is a single |anp crusher
with a distilling unit that can handle up to 200, 000 | anps per
year .

The entire systemis enclosed and operated under negative
pressure to mnimze fugitive em ssions. The systemvents to
carbon filtration units for mercury em ssion control. MRT AB
closely nmonitors emssions fromall their systens. Based on
nmeasur enents downstreamof all their charcoal filters, MRT states
that air em ssions fromtheir crush/sieve unit has an average
mercury concentration of 0.5 Mg/nﬂ resulting in annual em ssions
of 1 g/year.” Enissions fromthe crush/sieve ventilation room
are also 0.5 Mg/nﬂ yi el ding 5.25 g/year in annual em ssions.'®
The differences are due to differences in operating hours. No
inlet concentrations or control device efficiencies were
reported. The MRT systemis used successfully by RecycLights of
M nnesot a. °

4.0 MERCURY RECOVERY

After crushing of fluorescent |ight |anps, mercury recovery
is often the next step taken in the recycling process. Mbst
commonl y, crushed |anps that are not landfilled undergo retorting
or roasting.” These processes recover nercury by distillation
(i.e., heating the material to vaporize the nercury and
subsequently collecting it by cooling the offgas streamto
condense liquid elenental nmercury). Different versions exist,
but in each, the material is heated to vaporize the nmercury and
recover it as a liquid. This can be acconplished in closed
vessels (retorts) or in open-hearth furnaces, ovens, or rotary
kilns (roasting).' Recovery of the vaporized mercury can be done
wi th condensers and separators or with a venturi scrubber and
decanter, followed by an air pollution control system’
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Retorting generally gives higher recovery rates than does
roasting, and is also well-suited to wastes containing volatile
forms of nmercury (e.g., elenental, oxidized species). Thus
retorting is generally the recovery nethod of choice for
fl uorescent |anps.*

Cenerally, the mercury-containing wastes are placed in a
retort, and heated for four to twenty hours to a tenperature
above the boiling point of mercury (357°C) but bel ow 550°C.*
Vaporized material fromthis process is condensed in the scrubber
or condenser, and then it is collected in a collector or
decanter. This collected nmercury may require additional
treatnent, such as nitric acid bubbling, to renove inpurities.'’

The potential em ssion points froma retort process include
t he condenser or scrubber vent and the handling areas for waste
feed and recovered nercury.’ Fugitive enissions fromthese
points may be controlled by enclosing the entire system and
operating it under negative pressure, simlar to the system at
MRS AB, as previously described. There may al so be nercury
em ssions from scrubber wastewater. Final treatnent of these
wast es has been shown to be achieved wth activated carbon, with
the used carbon being disposed at a hazardous waste landfill.*®

5.0 DI SCUSSI ON AND CONCLUSI ONS

A typical four-foot fluorescent |anmp contains about 41 ng of
mercury, although this value is expected to decrease to 27 ng by
1995. The maxi num nmeasured concentration is found in the white
phosphor powder on the inside surface of the glass. The vapor in
the lanp woul d contain about 0.04 ng of nercury at room
tenperature (assum ng the vapor is saturated with nercury).

The amount of mercury emtted froma spent | anp depends on
the way the lanp is handled after it is changed. In one extrene,
used | anps are sinply broken into a dunpster and transported to
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the landfill in a garbage truck. It is assuned that all of the
| anmps i n garbage trucks are broken and that vaporized nercury in
these trucks finds its way to the atnosphere.” In the other
extrene, the discarded | anps are packed in corrugated containers
fromwhich the new | anps were taken and are then | oaded into

encl osed vans or trailers for renoval to a landfill. In this
case, it is assuned that few | anps are broken and practically al
of the mercury is retained in the landfill."

In any case, recovery of the nmercury in |anps appears to be
desirable, in that the net amount of nmercury ultimately rel eased
to the environnent is reduced. The recovery process begins with
the crushing of |lanps to extract the white phosphor powder, which
contains the bulk of the nercury. This powder is then put into a
mercury retort to recover elenental nercury.

Lanps can be crushed either by a nobile crushing unit at the
poi nt of collection, or by a centralized stationary crushing
unit. Both of these operations generally use small |anp crushing
units which fit on the top of a 55 gallon collection drum
| ndustrial hygi ene neasurenents around these drum nounted
crushers have shown that, even in a well-covered crusher, sone
mercury escapes fromthe | anp feed tube, causing concentrations
of about 0.3 ng/m. This is well in excess of the OSHA limt of
0. 05 ng/ m.

Two wel |l -controlled crusher systens were identified. Both
of these use a vacuum col |l ection systemto prevent rel ease of
mercury fromthe lanp feed system In both cases, the air is
passed t hrough a cyclone, a HEPA filter, and a carbon adsorber
bef ore bei ng exhausted. The cycl one renoves gl ass particles; the
HEPA filter renoves the phosphor powder, which contains nost of
the mercury; and the carbon adsorber captures nmercury vapor.

Typi cal |y, dependi ng upon the specific operation and the degree
of mercury contam nation, the glass particles, HEPA filters, and
carbon adsorbers are either processed to recover the nercury or
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di sposed of in a hazardous waste |landfill.

These controls reduce nercury |evels near the crusher to
wel | below the 0.05 ng/mi OSHA linit. This inplies an emni ssion
reduction of at |east 90 percent. Table 5 conpares cal cul ated
and neasured nercury em ssions and concentrations fromdifferent
crushi ng systens.

Tabl e 5: Conparison of Cal cul ated and Measured Em ssions
fromDi fferent Crushing Systens

Resul ti ng
Mer cury Esti mat ed Em ssions
Concentration
(mg/ i)
(my/ mi n) (mg/ | anp)

Amount of nercury ---- ---- 0. 04°
in the vapor in a
lamp (4 foot)
prior to breakage
(for conparison)
Si mpl e covered 0.3 -—--- -—---
systemw th no
add-on control
MRS <0. 05° 0.2-10° 0. 003- 0. 16°
Mer cury <0. 05° 0.14-7° 0.002-0.117¢

Technol ogi es

‘Mercury in the vapor phase, cal cul ated based on the vapor
pressure of elenmental mercuky.
"Measured five feet from crusher
‘Rough estimate using the reported air flow rate and typi cal
exhaust characteristics froma carbon adsorber controlling
Mercury vapor emni ssions.
‘Cal cul ated using the reported rate of | anp-crushing.
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