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Mercury Lamps Drum-Top Crushing (DTC) Device
Sampling and Study Plan

February 4, 2003
REPA3-0305-001v1

Objective

The bads of this study isto collect reliable measurements to document the potentia release of mercury
and human expaosure to mercury during the processing of fluorescent lamps in a drum top crusher
(DTC) device. Four manufacturers will provide DTC devices for evauation and comparison. The data
collected from the measurements will be used by EPA to assst in the development of anationa policy
for the use of DTC devices to process mercury containing fluorescent lamps. Part of the objectives are
to be in compliance with and by the plans REPA Qudity Management Plan (QMP), REPA Region 3
Quality Assurance Project Plan, and the Region 3 Hedlth and Safety Program. For al sampling,
andysis and handling procedures, where applicable, Booz Allen staff will follow REPA3 Standard
Operating Procedures (SOPs).

Scope

Two different sudieswill be completed as part of the overdl DTC device study. The detail methods
for conducting each study are documented in this Sampling and Study Plan. Thefirst sudy isthe
environmenta vaidation study and is divided into two phases. Equipment comparison phase and mass
balance phase. The second, real world study, isred world testing of the devices. A brief description
of the tests for the DTC device study include:

Environmental Validation Study

*  Equipment Comparison - Quantify mercury vapor emissons and measure persona mercury
expaosure during the operation of new devices provided by the manufacturer. Compare the
emissons of mercury from the DTC devices, when new, to emissons after the DTC
devices havefilled anumber of 55-galon drums.

» Mass Balance - Conduct amass badance study to quantify the mercury released during the
processing of fluorescent lamps compared to the estimated quantity of mercury contained in
the fluorescent lamps.

Real World Study

» Red World Tedting - Conduct field sampling to quantify mercury vapor emissons and
worker exposure during the operation of four different DTC devices a three locationsin the
continental United States.
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Schedule

Four manufacturers will provide DTC devicesfor incluson in this DTC device study. The following
devices will be included in the studly:

* Air Cycle Bulb Eater Modd 55 VRS

* Resource Technology, Inc. (RT1) Model DTP

* TheHazardous Materias Specidig, Inc. (HMS) Fuorescent Lamp Disposal and Mercury
Vapor Recovery System

» Dextrite Model ULC-55 FDA-E

Each manufacturer will provide one new DTC device for the DTC device study. Each of the four
deviceswill be used for the validation testing and red world testing.

Biologicd monitoring will be incorporated into the study to further define potential mercury exposure.
Each DTC device operator will participate in the biologica monitoring process. Beforethe DTC
device study begins, the sperators will provide urine samples to a medisal olinis to establich
baokground merpury levels. The operators will submit urine samples at the conclusion of the study to
determine whether thereis aincrease in mercury due to exposure while operating the DTC devices.
Mercury levels will be examined and tested to ensure that they are not above acceptable bodily
concentrations. All samples will be collected after operators have completed a 24 hour fasting.

Sample collection for the first stages of the equipment comparison phase and the mass balance study
will be performed concurrently. The proposed ste for these sudies is the AERC facility in Ashland,
Virginia The expected time to complete the vaidation testing includes one day to set up and two days
to complete the studies. Onoe the results of the samples fom these two phases are recetved and
reviewed by Booz Allen, the proposed methods for sampling duning the real world tecting will be
evaliated and modified as necessary by Booz Allen with assistanse from the EPA WAM. Oncethe
methods for the red world testing are determined, Booz Allen and EPA (the team) will conduct tests
darting at the Earth Protection Services Inspection (EPS)) facility in Arizona. Next, the team will travel
to the Huorocycle facility in Inglesde, IL. Findly, the team will conduct red world testing back at the
AERC facility in Ashland. Therea world testing at each location is expected to last the entire week.
After completing the red world testing at the Ashland facility, the second stage of the equipment
comparison phase will be conducted at this facility.
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Sampling Strategy
ENVIRONMENTAL VALIDATION STUDY: Equipment Comparison

The purpose of the equipment comparison phase is to evauate the potential release of mercury from
new DTC devices compared to the same DTC devices after the devices have processed enough
fluorescent lamps to have completed a number of drum and filter changes. The equipment comparison
phase will be conducted in two stages. Thefirst stlage will be conducted before the red world sampling
and the second stage will occur at the concluson of the redl world sampling. Thiswill dlow each
device to have processed enough lamps to completdly fill eight drums. Booz Allen will collect wipe
samples from various surfaces and collect air samples to measure the concentration of mercury in the
ar. Thefirgt stage of the equipment comparison phase will be conducted concurrently with the mass
ba ance study and some of the sample results will be incorporated into the mass baance equation.

All operations, for each of the devices, will be conducted as directed by the user manua and
ingructions. Thisincludes the operation of the devices as well as scheduling filter changes and drum
changes. Each DTC device will be operated for the time it takes to completdly fill one 55-galon drum.
Filters and drums will be changed according to the manufacturer’ s recommendations. It is estimated
that the typica device can fill the drumin 3.5 hours. Based on information provided by the
manufacturers, afull drum may hold from 400 to 1,200 lamps depending on the device. Once the drum
isfull, the next device from another manufacturer will be tested in the same manner. During the
operation of al DTC devicesonly 4-foot Alto T12 lamps by Philips Lighting will be processed. These
lamps were chosen because T12 lamps are il the predominant lamps used today compared to the T8
lamps. The Philips Lighting Alto lamps were selected because the Alto lamps are more congstent in the
quantity of mercury used in each lamp, athough Alto lampstypicaly contain less mercury. EPA
personnd and a Booz Allen Hamilton (Booz Allen) employee will operate and feed the lamps into the
DTC devices.

EPA and Booz Allen personnd, with assstance from facility personnd, will build a containment
congructed from arigid tube frame and polyethylene (plastic) sheeting to isolate each DTC device
during testing and assist in reducing potentia interferences.  The containment dimensions will be 12 feet
by 12 feet in order to accommodate for the unique sizes of the different DTC devices. Each device will
be operated in a containment with new plastic on the walls, floor, and ceiling. Therefore, once each
drum has been filled and dl samples have been collected, al the plastic sheets from the containment will
be removed and new plagtic sheets will beingaled on the floor, wals, and celling before operating the
next device. The old plastic will be decontaminated by washing with awater solution containing HGX
compound. An gppropriate portion of the plastic (determined by testing requirements), will then be
tested and disposed of based on the results of the test by the team. If the results mdisate the plastio is
sontaminated with meroury that is above asseptable levels, the levels of meroury on the sheeting will be
resorded and the plashic will be disposed of as mersury sontaminated waste assording to meroury
disposal standards.

Prior to the start of both the first and second stages of the equipment comparison phase, two
background air samples will be collected by Booz Allen g&ff in the immediate location wherethe DTC
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devices will be operated. Additiondly, Booz Allen will use the Jerome Mercury Vapor Andyzer to
collect direct measurements and data log the results. The Jerome Anayzer will be operated in
accordance with Region 3 SOPs for cdibration and measuring. Results of the air monitoring will identify
background mercury concentrations that may need to be accounted for in the results and andysis of the
study to be performed by Booz Allen.

During the operation of the DTC devices, air sampleswill be collected, by the team, in specified areas
ingde the containment and on the operator. All air sampling will be performed in accordance with
acceptable indudtrid hygiene air monitoring procedures. Air samples will be collected in each
containment in the following aress (see attached Table-1 for further detail). Booz Allen will perform all
ar monitoring according to Booz Allen SOPs.

»  Two samples (one on each shoulder) will be collected on the operator for the entire
duration of the device operation, including filter changes and the drum change.

»  Two concurrent samples will be collected a each DTC device exhaust for the duration of
the device operation. The results of this sampling during the first stage will be used in the
mass balance study.

»  Two concurrent samples will be collected a the DTC device feed tube for the duration of
the device operation. The results of this sampling during the first stage will be used in the
mass balance study.

*  Onesample will be collected on each operator during the change-out of the filters and
drum. Particulate filter changeswill occur based on manufacturer’ s recommendations. It is
anticipated that the filter change and drum change will only take afew minutes to complete.
In order to ensure a detection limit of less the 0.1 mg/m?® the sample pumps will operate
after thefilter change and drum change is complete in order to achieve sufficient air vehsme,
as was determined by EPA and Rooz Allenn  The schedule for eash devioe’s filter change
and subsequent air sampleisasfollows:

HM S-every 300 lamps = three samples/drum

Air Cycle-every drum change = one sample/drum

RTI-No filter changes, system back purges the filter every 15 minutes
Dextrite—every 2400 lamps = gpproximately every third drum.

NN ) N

» Two fied blankswill be prepared for each day of sampling.
*  One st of threelaboratory blanks will be prepared for each stage of the equipment
comparison study.

Air samples will be collected to measure arborne mercury concentrations in the vapor phase and
aerosol phase. Air samples to measure mercury in the aerosol phase will be collected and andlyzed in
accordance with the Occupationa Safety and Hedth Administration (OSHA) andytica method 1D-
145. Air samplesto measure mercury in the vapor phase will be collected and analyzed in accordance
with the Nationa Ingtitute for Occupationd Safety and Hedlth (NIOSH) andyticd method 6009. The
sampleswill be collected on a 37-mm mixed cellulose ester filter to capture aerosols connected to a
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Information to document each air sample will be recorded on air monitoring forms. The information
required on each form includes:

* A sample number unique to thet air sample

»  Specific details of the sample location or name of the operator wearing the samples

* Pre-cdibration and pogt-calibration results

* Timeon and time off of the sample pump

* Volumeof ar collected—duration of the sampling multiplied by the air flow rate (average of
the pre- and post-calibration)

*  Number of fluorescent lamps processed during the sampling and categorized by wattage

»  Other notable conditions that may effect the sample results.

In addition to air samples, the equipment comparison phase will aso include wipe samples collected
ingde the containment on numerous surfaces. A set of wipe sampleswill be collected prior to the Sart
of the DTC device operation and a set will be collected at the conclusion of the DTC device operation.
A set of pre- and post-operation wipe sampleswill be collected for each of the manufacturer’s
devices. The wipe sampleswill be collected and analyzed in accordance with the NIOSH draft
anaytical method N9103 for wipe samples. Under this procedure, a 100 cn? wipe sample will be
collected using a“Wash-n-Dry” towel ette and placed into avia provided by the laboratory. For each
location two side-by-side wipe samples will be collected.  The nine locations for the wipe samples
ingde each containment include:

*  Hoor—two feet from the device
» Hoorfive feet from the device

e Floor—at the device exhaust

e Drumsdde

e DTCdevice

* Feedtubeinlet exterior

* Cdling

« Wil

o« W4l

At the end of the each equipment comparison stage, the air samples and wipe samples will be collected,
packaged, and submitted by the team to DataChem L aboratories, Inc. (DataChem) located in Sdt
Lake City, Utah, dong with completed chain-of-custody forms. DataChem isan American Industrid
Hygiene Association (AIHA) accredited laboratory. Samples will be placed in an oversized sturdy box
with packing materid to fill voids and protect the samples. The Booz Allen person shipping the samples
will Sgn the chain-of-cugtody forms and will place the formsin the box with the samples. Samples will
be submitted via Federal Expressto the [aboratory.
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During the process of measuring mercury concentrations in the air usng sampling pumps, two factory
cdibrated mercury vapor anayzers will be employed by the team to measure red-time mercury
concentrationsin the ar. At least one of the mercury vapor andyzers will be equipped with a data
logger to measure and record the mercury concentrations throughout the day. The analyzers, one
gationary and one mobile, will be used to identify fluctuations in concentrations while the DTC devices
operate and will dso measure for leaks in the sedls of the DTC devices.

At the conclusion of the device operations for the day, each DTC device will be placed on a drums
containing crushed debris and be alowed to set for the night. Any operation of the devices will be
performed in accordance with manufacturer ingtructions. Air samples will be collected next to the DTC
device/drum assemblies during the night in between equipment comparison sudies. The air samples will
measure for any escaping mercury off-gassing that may occur when the devices are not in operation.
Air sample pumps with in-line collection mediawill be set next to each device and the mercury vapor
andyzer will log the concentrations throughout the night.

After completion of the first stage of the equipment comparison phase, the new devices will be shipped
to the EPSI facility in Arizona To prepare the devices for shipping the team, with assistance from
facility personne, will be wipe down each device, wrap each device in plastic, and place each device in
the crates provided by the manufacturers. Plagtic sheet roles and framing will not be shipped but will be
purchased separately at each location. Upon receipt of the devices at each of the testing dites, the team
will perform an ingpection of the devices for damages that resulted from the trangport.

In order to test the efficiency of the DTC devices and their performance in use with “U” shgped tubes,
astudy will take place at the completion of the vaidation phase. A defined number of lamps will be
determined based on amount available a the AERC facility in Ashland, Virginiaand used for testing in a
find study and the required amount to gain an accurate sample collection. The*“U” shaped lamps will
be crushed using the devices provided by Air Cycle, Dextrite, and HMS. The RTI deviceis hot
equipped with an atachment for feeding “U” shaped tubes and therefore will not be included in this
portion of the study. Air samples and wipe samples as described in Table-1 will be collected during the
operation of the devices until tubes have been crushed.

ENVIRONMENTAL VALIDATION STUDY: Mass Baance Study

The mass balance study is intended to determine the capture efficiency of mercury vapors during the
operation of the DTC devices. Only Alto T12 lamps will be used in the mass baance study. The study
will take into account the different wattages of the T12 lamps (wattage 34/40 and 39/60). This study
will incorporate the results of the air samples and wipe samples collected during the first stage of the
equipment comparison phase. In addition, the team will collect bulk materid samples and have them
andyzed for mercury by DataChem. The bulk sampleswill be collected from the DTC devices after
the devices have completely filled one drum during the equipment comparison phase prior to removing
the device from the containment. The bulk samples will be collected and analyzed in accordance with
EPA method SW-846 method 7471A and sampling directions provided by the anaytica |aboratory
(DataChem).
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The bulk samples to be collected from the each of the four DTC devices include:

»  Three samples from the particulate pre-filters from the HM S device, Air Cycle device and
Dextrite device. The RTI device is not equipped with a particulate pre-filter.

*  Three samplesfrom the HEPA filters from dl four devices.

»  Three samples from the carbon filters from al four devices.

»  Three samples from the crushed materid in the drums. This sample will include
representative amounts of broken glass, metal end caps, and phosphor powder.

Before the DTC devices are operated, the filters and empty drums will be tared, to measure the weight
of the filters and drum before crushing the lamps.  After crushing enough lamps to fill adrum, the filters
will be accessed with support from the device manufacturer’ s representatives and the bulk samples will
be collected by cutting out portions of the particulate filters or removing the loose carbon from the top
of the carbon filter container. The bulk materia will be placed into collection vessels provided by the
laboratory. Next, the devices will be removed from the drum, and bulk samples will be collected from
the crushed debris below the top surface of debris. The debris samples will be placed in collection
vessals provided by the laboratory.

In addition, five Alto T12 lamps (wattage 34/40 and 39/60) will be submitted to the andytica
laboratory to confirm the quantity of mercury contained in the lamps. DataChem will crush the lampsin
agmilar manner as occurs in the devices to ensure that the measurement for mercury is accurate.
These results will be used to confirm the amount of mercury reported by the manufacturer. These
results will be used to cdculate the quantity of mercury based on the number of lamps processed. The
bulk samples and intact lamps will be submitted to DataChem for andysis dong with completed chain-
of-custody forms.

Booz Allen will select, based on accuracy determinations, wipe samples and air samples collected
during the equipment comparison phase on the DTC devices will be incorporated into the mass baance
sudy. These sdect samplesinclude:

*  Wipe samples from the exterior drum surface

*  Wipe samplesfrom the DTC device

» Air samples collected a the DTC device exhaust

» Air samples collected at the DTC device feed tube.

Upon return of the laboratory results for mercury, the datawill be plugged into the mass baance
equation by Booz Allen to determine the mercury capture efficiency of the DTC devices. The mass
balance equation is:

Totd Hg = Hg retained in the DTC device + Hg released from the DTC device
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Totd Hg isthe quantity of mercury cdculated by the quantity of mercury contained in a fluorescent
lamp multiplied by the number of lamps processed. Hg retained is determined by the results of the bulk
samples collected from the crushed debris in the drum and the bulk filter samples. Hg released is
determined by the results of the air samples and wipe samples. Using the equation, the percent
recovery of mercury can be caculated. The mass balance study is contained in Attachment 1.

REAL WORLD STUDY: Red World Teding

The red world testing phase will determine the release of mercury vapors and human exposure to
mercury vapors during the norma operation of the DTC devices. The same DTC devices used in the
equipment comparison phase will be evaluated in ared world industrid setting. The DTC devices will
process avariety of four foot T12 lamps for an entire work shift. For this study, awork shift will
include the time needed to completdly fill two 55-gdlon drums. The red world testing will be repeated
at three separate locations. The DTC devices will be operated inside a containment equivaent to the
containment used in the equipment comparison phase. Each device will be operated in a containment
with new plastic on thewalls, floor, and ceiling. Therefore, once the work shift has been completed
and dl samples have been collected, dl the plastic sheets from the containment will be removed and
new plastic sheets will be ingtaled on the floor, walls, and ceiling before operating the next device. The
old plastic will be decontaminated by washing with awater solution containing HGX compound. An
appropriate portion of the plastic (determined by testing requirements), will then be tested and
disposed of based on the results of the test by the team. I the resulis mdioate the plastis is
sontaminated with meroury that is above asseptable levels, the levels of meroury on the sheeting will be
resorded and the plashic will be disposed of as mersury sontaminated waste assording to meroury
disposal standards.

Air samples will be collected over the entire work shift (two drum changes). The operation of the DTC
device over the work shift will be performed by EPA and Booz Allen staff. Thefirst person will
operate the DTC device until the first drum isfilled, including the filter changes and drum change. The
second person will operate the DTC device until the second drum isfilled, including the filter changes
and changing the drum at the end of the day.

During the operation of the DTC devices, air sampleswill be collected in specified areasinsde the
containment and on the operator by the team. All air sampling will be performed in accordance with
acceptable indugtrid hygiene air monitoring procedures as well as the Region 3 SOPs. Air samples will
be collected in each containment in the following areas (see Attached Table-1 for more detail):

»  Two samples (one on each shoulder) will be collected by the operator while they operate
the device and completdy fill the drum, including filter changes and the drum change.

*  Two samples will be collected insde the containment at locations that will be determined
based on the results from the equipment comparison phase.
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*  Onesample will be collected on each operator during the change-out of the filters and
drum. Particulate filter changeswill occur based on manufacturer’ s recommendations. It is
anticipated that the filter change and drum change will only take afew minutes to complete.
In order to ensure a detection limit of less the 0.1 mg/m? the sample pumps will operate
after thefilter change and drum change is complete in order to achieve sufficient ar volume.
The schedule for each device sfilter change and subsequent air sample is asfollows:

HMS - every 300 lamps = eight samples

Air Cycle - every drum change = two samples

RTI - no filter changes, system back-purges the filter every 15 minutes
Dextrite - every 2400 samples = one sample

NN N N

» Two field blanks will be prepared for each day of sampling.
*  One st of three laboratory blanks will be prepared for each location.

Air samples will be collected to measure arborne mercury concentrations in the vapor phase and
aerosol phase. Air samples to measure mercury in the aerosol phase will be collected and andlyzed in
accordance with the OSHA andyticad method 1D-145. Air samples to measure mercury in the vapor
phase will be collected and andyzed in accordance with the NIOSH analytical method 6009. The
sampleswill be collected on a 37-mm mixed cellulose ester filter to capture aerosols connected to a
Hopcdite sample media or an equivaent sample media to capture vapors. The sample pump for every
arr sample will be pre-cdibrated and post-cdibrated againgt a primary standard to adjust the air flow to
the proper flow rate.

Information to document each air sample will be recorded on air monitoring forms by Booz Allen. The
information required on each form includes:

* A sample number unique to thet air sample

»  Specific details of the sample location or name of the operator wearing the samples

* Pre-cdibration and pogt-calibration results

* Timeon and time off of the sample pump

* Volume of ar collected—duration of the sampling multiplied by the air flow reate (average of
the pre- and post-calibration)

*  Number of fluorescent lamps processed during the sampling and categorized by type of
lamp and wattage

»  Other notable conditions that may effect the sample results.

In addition to air samples, the equipment comparison phase will aso include wipe samples, collected by
Booz Allen, ingde the containment on numerous surfaces. A set of wipe samples will be collected prior
to the start of the DTC device operation and a set will be collected at the conclusion of the DTC device
operation. A set of pre- and post-operation wipe sampleswill be collected for each of the
manufacturer’ s devices. The wipe samples will be collected by Booz Allen and andlyzed by DataChem
in accordance with the NIOSH draft andyticad method N9103 for wipe samples. Under this
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procedure, a 100 cn? wipe sample will be collected using a“Wash-n-Dry” towelette and placed into a
vid provided by the laboratory. For each location two side-by-side wipe samples will be collected.
The nine locations for the wipe samplesingde each containment include:

*  Hoor—two feet from the device
» Hoorfive feet from the device
e Foor—at the device exhaust

e Drumsdde

e DTCdevice

* Feedtubeinlet exterior

* Cdling

« Wil

« W4l

At the end of the each red world testing location, the air samples and wipe samples will be collected,
packaged, and submitted by the team to DataChem located in Salt Lake City, Utah, along with
completed chain-of-custody forms. DataChem is an AIHA accredited laboratory. Sampleswill be
placed in an oversized sturdy box with packing materid to fill voids and protect the samples. The
chain-of-custody forms will be Sgned by the Booz Allen person shipping the samples and the form
placed in the box with the samples. Samples will be submitted via Federa Express to the laboratory.

During the process of measuring mercury concentrations in the air using sampling pumps, two factory
cdibrated mercury vapor andyzer will be employed to measure red-time mercury concentrationsin the
ar. Atleast one of the mercury vapor andyzers will be equipped with a datalogger to measure and
record the mercury concentrations throughout the day. The anayzers, one stationary and one mobile,
will be used to identify fluctuations in concentrations while the DTC devices operate and will aso
measure for lesksin the seds of the DTC devices.

After completion of red world testing at each location, the DTC devices will be shipped to the next
location by the team with assistance from facility personnel. The device surfaces will be wiped clean
using awater solution containing the HGX compound. The cleaned devices will be capped or plugged
at the feed tube intake and at the exhaust wrapped in plastic. The devices will then be placed in the
crates or packaging provided by the manufacturers and prepared for transportation.
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ATTACHMENT 1

Lamp Crusher Hg Mass Release/Mass Baance Study

Tota Hg = Hg retained in crusher unit + Hg released from unit
Where:
Hgr = Tota Hg

Hg, = Hg retained in crusher unit
Hok = Hg rleased from unit

1.  Hg, = Totd Hg

Totd #lampscrushed X Hg/lamp

Hg/lamp based on: 1) manufacturer’ s clams/estimates; and/or
2) testing of 5 lamps for tota Hg

2. Hgy = Hg retained in crusher unit
= Hgin crushed lamps + Hg retained in HEPA filter + Hg retained in carbon filter + Hg
resdua on interior surface of crusher
3. Hok = Hg rleased from unit
Hok = Hg released at exhaust port + Hg fugitive release
Hgep) = Hg exhaust conc X ar flow rate X ar flow duration

Hgr = (Hg conc. at fugitive rlease Sites X edt. air leakage rate) +
(drum change air conc X est. air release at drum change)

And/Or,

Hg gy = (chamber ambient air Hg conc X chamber volume) +
(wipe sample Hg conc (in mass/SA) X surface area of chamber)
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Field Monitoring, Sampling, and Analytical Methods

Sample Type L ocation Frequency Number of samples Limit of Analytical Method
Detectio
n
Vapor | Aerosol Per Total
Unit
Equipment Comparison Phase 1 (consists of comparing four new units made by HMS, Air Cycle, RTI, and Dextrite) 3 DAY S
Wipe samples | Floor — 2 feet from device Pre & post samples N/A N/A 4 16 0.01 NIOSH N9103
ug/sample
(2 samples Floor — 5 feet from device Pre & post samples N/A N/A 4 16 0.01 NIOSH N9103
each)* ug/sample
Floor — at device exhaust Pre & post samples N/A N/A 4 16 0.01 NIOSH N9103
ug/sample
Ceiling Pre & post samples N/A N/A 4 16 0.01 NIOSH N9103
ug/sample
wall Pre & post samples N/A N/A 4 16 0.01 NIOSH N9103
ug/sample
wall - Pre & post samples N/A N/A 4 16 0.01 NIOSH N9103
ug/sample
Exterior drum surface - Sde Pre & post samples N/A N/A 4 16 0.01 NIOSH N9103
ug/sample
DTC device Pre & post samples N/A N/A 4 16 0.01 NIOSH N9103
ug/sample
DTC device feed tube Inlet Pre & post samples N/A N/A 4 16 0.01 NIOSH N9103
Exterior ug/sample
Lab Blanks Prior to each equipment run N/A N/A 2 6 0.01 NIOSH N9103
ug/sample
Wipe sample subtotal 150
Air samples Both shoulders of operator” During test run including drum and 2 2 4 16 0.01 NIOSH 6009; OSHA |1D-
filter changes (all four units) ug/sample | 145
DTC Exhaust? During test run including drum and 2 2 4 16 0.01 NIOSH 6009; OSHA 1D-
filter changes ug/sample | 145
DTC Feed Tube® During test run including drum and 2 2 4 16 0.01 NIOSH 6009; OSHA ID-
filter changes ug/sample | 145
On operator® During drum and filter change 1 1 2 8 0.01 NIOSH 6009; OSHA ID-
ug/sample | 145
On operator® During additional filter changes for 3 3 6 6 0.01 NIOSH 6009; OSHA ID-
HMS = every 300 lamps crushed ug/sample | 145
Laboratory Blank Prior to study 3 3 N/A 6 0.01 NIOSH 6009; OSHA ID-
ug/sample | 145
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Field Blanks Prior to study 2 2 N/A 12 0.01 NIOSH 6009; OSHA ID-
ug/sample | 145
Background On each sampling day 2 2 N/A 4 0.01 NIOSH 6009; OSHA ID-
ug/sample | 145
Air sample subtotal 84
Bulk samples | Pre-filter for particulates Air Cycle = every drum change N/A N/A 3 3 0.01 EPA Method 7471A
ug/in®
Dextrite = every 2,400 lamps N/A N/A 3 3
crushed
HMS = every 300 lamps crushed N/A N/A 3 3
RTI = no filter change; filter back- N/A N/A N/A N/A
purged every 15 minute
HEPA filter For this demonstration, change N/A N/A 3 12 0.01 EPA 7471A
filter when drum changed for ug/in®
HMS, Air Cycle, & Dextrite units
Carbon filter For this demonstration, change N/A N/A 3 12 0.02ug/g | EPA 7471A
filter when drum is changed for all
units
Drum contents (crushed When drum is full for each unit N/A N/A 3 12 0.02ug/g | EPA 7471A
material)
Bulk sample subtotal 45
Al—Samples DTG Exhaust-and-FeedFube | Use results from Equipment N/A N/A N/A N/A
Comparison Phase 1
Wipe-Samples | Brum-sideandbDFCDevice Use results from Equipment N/A N/A N/A N/A
Comparison Phase 1
Alto lamps Alto T12 (34/40) N/A N/A N/A 3 3 0.1 EPA 7470
ug/Lamp
Alto T12 (39/60) N/A N/A N/A 3 3 0.1 EPA 7470
ug/Lamp
Alto lamp subtotal 6
Air samples Both shoulders of operator® During test run including drum and 4 4 8 96 0.01 NIOSH 6009; OSHA ID-
(2 operators per unit) filter changes (All 4 units) ug/sample | 145
Inside the containment’ During test run including drum and 2 2 4 48 0.01 NIOSH 6009 ; OSHA ID-
filter changes (All 4 units) ug/sample | 145
Inside the containment’ Overnight next to DTC unit (ONE 2 2 4 16 0.01 NIOSH 6009; OSHA ID-
LOCATION) ug' sample | 145
On operator’ During drum and filter change (2 2 2 4 48 0.01 NIOSH 6009; OSHA ID-
events per unit): ug/sample | 145
HMS, Air Cycle, RTI, Dextrite
On operator® During additional filter changes for 6 6 12 36 0.01 NIOSH 6009; OSHA I1D-

HMS = every 300 lamps crushed

ug/sample

145
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Laboratory Blank Prior to study 3 3 6 18 0.01 NIOSH 6009; OSHA 1D-
ug/sample | 145
Background Prior to start of study at each 2 2 N/A 12 0.01 NIOSH 6009; OSHA ID-
facility ug/sample | 145
Field Blanks* At the start of each test day at 2 2 N/A 48 | 0.01 NIOSH 6009; OSHA ID-
each facility ug/sample | 145
Air sample subtotal 322
Wipe samples | Floor — 2 feet from device Pre & post samples N/A N/A 4 48 0.01 NIOSH N9103
ug/sample
(2 samples Floor — 5 feet from device Pre & post samples N/A N/A 4 48 0.01 NIOSH N9103
each)*? ug/sample
Floor — at device exhaust Pre & post samples N/A N/A 4 48 0.01 NIOSH N9103
ug/sample
Ceiling Pre & post samples N/A N/A 4 48 0.01 NIOSH N9103
ug/sample
wall Pre & post samples N/A N/A 4 48 0.01 NIOSH N9103
ug/sample
wall Pre & post samples N/A N/A 4 48 0.01 NIOSH N9103
ug/sample
Exterior drum surface - sde Pre & post samples N/A N/A 4 48 0.01 NIOSH N9103
ug/sample
DTC device Pre & post samples N/A N/A 4 48 0.01 NIOSH N9103
ug/sample
DTC device feed tube Inlet Pre & post samples N/A N/A 4 48 0.01 NIOSH N9103
Exterior ug/sample
Field Blanks Start of each day N/A N/A 2 24 0.01 NIOSH N9103
ug/sample
Wipe sample subtotal 456
Air samples Both shoulders of operator TBD 2 2 4 12 0.01 NIOSH 6009; OSHA |1D-
ug/sample | 145
At end of Phase | Inside the containment TBD 2 2 4 12 0.01 NIOSH 6009; OSHA ID-
I ug/sample | 145
On operator*® During drum and filter change (1 1 1 2 6 0.01 NIOSH 6009; OSHA ID-
event per unit): ug/sample | 145
HMS, Air Cycle, Dextrite
On operator® During additiona filter changes: 3 3 6 6 0.01 NIOSH 6009; OSHA ID-
HMS = every 300 lamps crushed ug/sample | 145
Field Blanks At the start of each day 2 2 N/A 8 0.01 NIOSH 6009; OSHA ID-
ug/sample | 145
Air sample subtotal 44
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Wipe samples | Floor — 2 feet from device Pre & post samples N/A N/A 12 0.01 NIOSH N9103
ug/sample
(2 samples Floor — 5 feet from device Pre & post samples N/A N/A 12 0.01 NIOSH N9103
each)™ ug/sample
Floor — at device exhaust Pre & post samples N/A N/A 12 0.01 NIOSH N9103
ug/sample
Celling Pre & post samples N/A N/A 12 0.01 NIOSH N9103
ug/sample
wall Pre & post samples N/A N/A 12 0.01 NIOSH N9103
ug/sample
wall Pre & post samples N/A N/A 12 0.01 NIOSH N9103
ug/sample
Exterior drum surface - Sde Pre & post samples N/A N/A 12 0.01 NIOSH N9103
ug/sample
DTC device Pre & post samples N/A N/A 12 0.01 NIOSH N9103
ug/sample
DTC device feed tube Inlet Pre & post samples N/A N/A 12 0.01 NIOSH N9103
Exterior ug/sample
Field Blanks Prior to each equipment run N/A N/A 4 0.01 NIOSH N9103
ug/sample
Wipe sample subtotal 112
Wipe samples | Floor — 2 feet from device Pre & post samples N/A N/A 16 0.01 NIOSH N9103
ug/sample
(2 samples each) | Floor — 5 feet from device Pre & post samples N/A N/A 16 0.01 NIOSH N9103
ug/sample
Floor — at device exhaust Pre & post samples N/A N/A 16 0.01 NIOSH N9103
ug/sample
Ceiling Pre & post samples N/A N/A 16 0.01 NIOSH N9103
ug/sample
wall Pre & post samples N/A N/A 16 0.01 NIOSH N9103
ug/sample
Wwall Pre & post samples N/A N/A 16 0.01 NIOSH N9103
ug/sample
Exterior drum surface - sde Pre & post samples N/A N/A 16 0.01 NIOSH N9103
ug/sample
DTC device Pre & post samples N/A N/A 16 0.01 NIOSH N9103
ug/sample
DTC device feed tube Inlet Pre & post samples N/A N/A 16 0.01 NIOSH N9103
Exterior ug/sample
Field Blanks Prior to each equipment run N/A N/A 4 0.01 NIOSH N9103
ug/sample
Wipe sample subtotal 148
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Air samples Both shoulders of operator During test run including drum and 2 2 4 16 0.01 NIOSH 6009; OSHA 1D-
filter changes (all four units) ug/sample | 145

DTC Exhaust During test run including drum and 2 2 4 16 0.01 NIOSH 6009; OSHA ID-
filter changes ug/sample | 145

DTC Feed Tube During test run including drum and 2 2 4 16 0.01 NIOSH 6009; OSHA 1D-
filter changes ug/sample | 145

On operator During filter changes: 3 3 6 6 0.01 NIOSH 6009; OSHA ID-
HMS = every 300 lamps crushed ug/sample | 145

On operator During drum and filter change 1 1 2 8 0.01 NIOSH 6009; OSHA ID-
ug/sample | 145

Laboratory Blank Prior to study 3 3 6 6 0.01 NIOSH 6009; OSHA 1D-
ug/sample | 145

Field Blanks Background Prior to study 2 2 4 4 0.01 NIOSH 6009; OSHA ID-
ug/sample | 145

Field Blanks On each sampling day 2 2 4 8 0.01 NIOSH 6009; OSHA ID-
ug/sample | 145

Air sample subtotal 17 17 34 80
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"Number of wipe samples = number of samples per location (2) x number of sampling events (2) x number of devices tested (4) = 2 x 2 x 4 = 16 samples
2Number of air samples calculated using the following formula and assumptions:

Assumptions. Two air samples (a vapor and aerosol sample) are collected at each shoulder. Therefore, 4 air samples (2 vapor and 2 aerosol) will be collected for
each unit tested.

Number of samples to be collected = number of samples per unit (4) x number of units to be tested (4) = 4 x 4 = 16 samples
Based on manufacturer's specs, the particulate filter is changed every 300 lamps. Assumed the HM'S DTC drum could hold 1200 crushed lamps so the unit would require 4
filter changes. Assumed one filter change will coincide with the drum change. Sampling plan text (page 4) indicates one sample will be collected during filter change out.

Number of air samples collected = number of samples per event (2 = one aerosol and one vapor) x number of filter changes (3) x number of units tested (1 — HMS
unit) =3 x 2 x 1 =6 samples
“4Assumed one drum and filter change per unit.

Number of samples collected = number of samples per event ( 2 = one vapor and one aerosol) x number of drum changes per unit (1) x number of units tested (4) =
2x 1x4=8samples
®Used assumption on page 2 of the sampling plan that the test would take 2 days. Assumed two sets of field blanks are collected per day as listed on page 4 of sampling
plan. One set of field blanks consists of a vapor and an aerosol blank.

Number of samples collected = number of samples per day ( 4 = 2 vapor and 2 aerosol) x number of test days (2) = 4 x 2 = 8 samples
®Number of air samples calculated using the following formula and assumptions:

Assumptions: Two air samples (a vapor and aerosol sample) are collected at each shoulder. 2 operators crushing lamps on each unit. Therefore, 8 air samples (4
vapor and 4 aerosol) will be collected for each unit tested.

Number of samples to be collected = number of samples per unit (8) x number of units to be tested (4) x number of test facilities (3) = 8 x 4 x 3 = 96 samples
"Number of samples = number of samples per unit (4 = two vapor and two aerosol) x number of units tested (4) x number of test facilities(3) = 4 x 4 x 3 = 48 samples
8Based on manufacturer’s specs, the particulate filter is changed every 300 lamps. Assumed the HMS DTC drum could hold 2400 crushed lamps so the unit would require 8
filter changes. Assumed two filter changes will coincide with two drum changes. Sampling plan text (page 4) indicates one sample will be collected during filter change out.

Number of air samples collected = number of samples per event (2 = one aerosol and one vapor) x number of filter changes (6) x number of units tested (1 — HMS
unit) x number of test facilities=3 x 6 x 1 x 3 = 36 samples
?Assumed two drum and filter changes per unit.

Number of samples = number of samples per unit ( 2 = one vapor and one aerosol) x number of drum changes per unit (2) x number of units tested (4) x number of
test facilities (3) =2 x 2 x 4 x 3 = 48 samples
1A ssumed afield blank sample would be collected at each test facility prior to the start of the real world testing. Assumed two sets of field blanks are collected per day as
listed on page 4 of sampling plan. One set of field blanks consists of avapor and an aerosol blank.

Number of samples collected = number of samples per day ( 4 = 2 vapor and 2 aerosol) x number of test facilities (3) = 4 x 3 = 12 samples
Used assumption on page 2 of the sampling plan that the test would take one week and that field blanks would be needed for four days. Assumed two sets of field blanks
are collected per day as listed on page 4 of sampling plan. One set of field blanks consists of a vapor and an aerosol blank.

Number of samples collected = number of samples per day (4 = 2 vapor and 2 aerosol) x number of test days (4) x number of test facilities (3) =4 x 4 x 3 =48
samples
2Number of wipe samples = number of samples per location (2) x number of sampling events (2) x number of devices tested (4) x number of test facilities (3) =2x 2 x 4
x 3 = 48 samples
13Assumed one drum and filter changes per unit.

Number of samples = number of samples per unit ( 2 = one vapor and one aerosol) x number of drum changes per unit (1) x number of unitstested (3) =2x1x 3=
6 samples
1Number of wipe samples = number of samples per location (2) x number of sampling events (2) x number of devices tested (3) = 2 x 2 x 3 = 12 samples
5The same assumptions used under Equipment Comparison Phase 1 are used to calculate the number of samples for Phase 2.
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Summary of Samples

Project Phase # of Wipe Samples # of Air Samples # of Bulk Samples # of Alto Lamps
Equipment Comparison Phase 1 150 84

Mass Balance Study 45 6

Red World Testing 456 322

U- Shaped Tube Testing 112 44

Equipment Comparison Phase 2 148 80

Total 866 530 45 6

Total All Samples: 1,447
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Mercury Lamps DTC Device Sampling and Study Plan
Table 1 - Sampling Table

Four Devices

Resource The Hazardous Total
Air Cycle |Technology, Inc. |Materials Specialist Aerosol Vapor Samples (By
Sample Number Location Duration/Time of Sample General |Bulb Eater |(RTI) Model DTP |[Inc. (HMS) VRS Dextrite |Sample Sample |Line Item)
Equipment Comparison
Air Samples One on each shoulder of operator Entire study including Drum and Filter Changes 2 2 2 2 8 8 24
DTC Device Exhaust Entire study including Drum and Filter Changes 2 2 2 2 8 8 24
DTC Device Feed Tube Entire study including Drum and Filter Changes 2 2 2 2 8 8 24
On Operator During Drum and Filter Change 1 1 1 1 4 4 12
Field Blanks Prior to Study 2 2 6
Laboratory Blanks Prior to Study 3 3 9
Wipe Samples (2 Each) |Floor - 2 feet from Device Pre and Post Operation 4 4 4 4 16
Floor - 5 Feet from Device Pre and Post Operation 4 4 4 4 16
Floor - at the device Exhaust Pre and Post Operation 4 4 4 4 16
Drum Side Pre and Post Operation 4 4 4 4 16
DTC Device Pre and Post Operation 4 4 4 4 16
Feed Tube Inlet Exterior Pre and Post Operation 4 4 4 4 16
Ceiling Pre and Post Operation 4 4 4 4 16
Wall Pre and Post Operation 4 4 4 4 16
Wall Pre and Post Operation 4 4 4 4 16
Mass Balance Study
Bulk Samples Particulate Pre Filters Per Device Instructoins 3 3 3 0 9
HEPA Filters Per Device Instructoins 3 3 3 3 12
Carbon Filters Per Device Instructoins 3 3 3 3 12
Crushed Materials from Drums
(Includes broken glass, metal end
caps, and phosphor powder) Upon completion of filling drum 3 3 3 3 12
Alto Lamps tested Alto T12 N/A 5
Air Samples DTC Device Exhaust Entire study including Drum and Filter Changes 2 2 2 2 8 8 24
DTC Device Feed Tube Entire study including Drum and Filter Changes 2 2 2 2 8 8 24
Wipe Samples (2 Each) Drum Side Pre and Post Operation 4 4 4 4 16
DTC Device Pre and Post Operation 4 4 4 4 16
Real World Testing (To be performed at 3 Locations)
Air Samples One on each shoulder of operator Entire Work Shift (2 Drum Changes) 6 6 6 6 24 24 72
Inside the containment Entire Work Shift (2 Drum Changes) 6 6 6 6 24 24 72
On Operator During Drum and Filter Change 3 3 3 3 12 12 36
Field Blanks Prior to Study 2 2 6
Laboratory Blanks Prior to Study 3 3 9
Wipe Samples (2 Each) Floor - 2 feet from Device Pre and Post Operation 12 12 12 12 48
Floor - 5 Feet from Device Pre and Post Operation 12 12 12 12 48
Floor - at the device Exhaust Pre and Post Operation 12 12 12 12 48
Drum Side Pre and Post Operation 12 12 12 12 48
DTC Device Pre and Post Operation 12 12 12 12 48
Feed Tube Inlet Exterior Pre and Post Operation 12 12 12 12 48
Ceiling Pre and Post Operation 12 12 12 12 48
Wall Pre and Post Operation 12 12 12 12 48
Wall Pre and Post Operation 12 12 12 12 48

Booz Allen Hamilton
2/4/2003
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Mercury Lamps DTC Device Sampling and Study Plan

Table 1 - Sampling Table

Four Devices
Resource The Hazardous Total
Air Cycle |Technology, Inc. |Materials Specialist Aerosol Vapor Samples (By
Sample Number Location Duration/Time of Sample General |Bulb Eater |(RTI) Model DTP |Inc. (HMS) VRS Dextrite |Sample Sample |Line Item)
U-Shaped Tube Testing |(To be performed at 1 Location)
Air Samples One on each shoulder of operator TBD 2 N/A 2 2 6 6 18
Inside the containment TBD 2 N/A 2 2 6 6 18
On Operator During Drum and Filter Change 1 N/A 1 1 3 3 9
Field Blanks Prior to Study 2 2 2 6
Laboratory Blanks Prior to Study 3 3 3 9
Wipe Samples (2 Each) |Floor - 2 feet from Device Pre and Post Operation 4 N/A 4 4 12
Floor - 5 Feet from Device Pre and Post Operation 4 N/A 4 4 12
Floor - at the device Exhaust Pre and Post Operation 4 N/A 4 4 12
Drum Side Pre and Post Operation 4 N/A 4 4 12
DTC Device Pre and Post Operation 4 N/A 4 4 12
Feed Tube Inlet Exterior Pre and Post Operation 4 N/A 4 4 12
Ceiling Pre and Post Operation 4 N/A 4 4 12
Wall Pre and Post Operation 4 N/A 4 4 12
Wall Pre and Post Operation 4 N/A 4 4 12
TOTAL SAMPLES 20 231 190 231 228 134 134 1168

Booz Allen Hamilton
2/4/2003




