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DISCLAIMER

Reference to company mames or products In this report does not constltute
endorsement by the National Institute for Deccupational Safety and Health
(NIOSH) or the U & Environmental Protection Agency (USEPA)



INTRODUCTION

Under the Occupational Safety and Health Act of 1970, the National Institute
for Ocoupational Safety and Health (NIOSH) was assigned respansibilities for
conducting research in oceupational safety and health, for disseminating
information emerging from those studies, for recommending standards to
regulatory agencies, and for supporting the training of professionals in
occupational safety and health It was placed in the Department cf Health and
Human Services (formerly, the Department of Health, Education, and Welfare) to
conduct research and education programs separate from the standard setting and
enforcement functions conducted by the Occupational 5afety and Health
Administration {OSHA) In the Department of Labor

An 1mportant area of NIOSH research deals with methods for contrelling
occupational expesure to potential biologircal, chemlcal, and physical hazards
The Engineering Control Technology Branch {ECTBY of the Division of Physieal
Sciences and Engineering has been given the lead within NIOSH to study the
engineering aspects relevant to the control of these hazards in the workplace
Since 1976, the ECTB has conducted assessments of control technology methods
used 1n industry on the basis of contrels used within a selected i1ndustry,
controls used for commen industrial preocesses, or specific centrel techniques
The cobjective of these studies has been to document and evaluate effective
contrel techniques (e g , isclation or the use of local ventilation) that
minimze risk of potential health hazards, and to create an awareness for the
need for or the availability of effective hazard control measures A number
of studies on control assessments, Including the present study, have been
performed 1n collaboration with the Environmental Protection Agency {(EPA)

The results of a previous study!*! indicated that glove bags are a useful
engineering tool to reduce worker exposure to asbestos dutlng the removal of
asbestos-containing materials {ACMs}, however, as used in that study, they did
not completely contain the ashestos being removed Because of the potential
for leakage of the glave hag and accidental rupture of the bag or seals, che
use of personal protective equipment (e g , disposable coveralls, respiratory
protection) and backup containment (e g , Isolation, barriers, negative
pressure enclosure) was recommended for use during any glove bag operation

The objective of the present study was to conduct a brief evaluation aof the
efficacy of the Aerc-Pipe Capsule® to control worker exposure during its use
1n asbestos remeval The Aero-Pipe Capsule is desipgned to use lecal exhaust
ventilation as an auxiliary control for plove bag containment The concept of
the deslign is that 1If leakage of the seals ocecurs, outside alr always will
flow into the bag, thereby preventing the flow of contaminated air out of the
hag and into the work environment

The EPA also has interest in effective techniques far the control of emissions
created by asbestos removal operations in erder to prevent contamination of
the environment and te protect the health of persons occupying or working in
buildings where ashbestos abatement is done and of the general pepulation As
part of a cooperative agreement with the EPA, additional work was performed to
determine the efficacy of the Aero-Pipe Capsule system to control ambient
atmospheric ashestos concentrations when asbestes centalning materlals are
removed



BACKGROURD

A pilot study of asbestos abatement operations conducted in 1984 by NIOSH
researchers identified novel approaches that have been and are being developed
to control asbestos fiber exposure to workers engaped in the removal of
asbestos-contalning materials 21 Two princlple methods currently used to
contrel airborne asbestos exposures are wetting the ACMs and the use of
negative pressure enclesures 1n the workplace Wetting methods utilize flulds
to saturate ACMs before and during the removal of these materials te reduce
the potential for the asbestos fihers to become airborne  Exposure control by
negative pressure is accomplished by the use of fans or exhaust devices to
remove ¢ohtaninated alr from work areas which have been 1solated with
temporary wslls made of plastic sheeting, and to draw clean dilution air inte
these enclosed work areas  In order to contaln and reduce airborne ashestos
emlssions, the exhausted air is filtered through high efficiency particulate
air (HEPA) fllters before being released to the atmosphere

NIDSH researchers believe that containing asbestos as it 1s removed provides a
distinet advantage 1n controlling airborne asbestos levels The evaluation of
source controls, such as containment or local ventilation applied at the
source of the emission, is therefore of particular interest because these are
generally the most effective in controlling both oceupational exposure and
environmental releaszes An ashestos abatement activity that is frequently
performed is the removal of pilpe lagging (i & , ACM used to Insulate pipes
carrying heated or refrigerated liqulds or vapors) Glove bags are often used
as source controls during the removal of pipe lagging These are larpe
plastic bags with long gloves sealed into the hody of the bag  The worker
seals the bag around the material to be removed and then manipulates various
removal tools within the bag by means of these gloves 1n order to remove the
lagging The ACM and other debris falls tc the bottom of the bag, where 1t Is
contained for final disposal as asbestas waste in accordance with regulations
promilpated by the EPA and hy state and local governments  Glove hags may
also be used for genersl plant meintensance where ACMs are removed only to galn
access to valves or other insulation covered ltems that need repalr The
authors belisve that reliable containment that does not depend on careful
training 1s especlally important 1in this case, because workers whe only remove
ashastos lagging occasionally should not he expected to remember detailed work
practices

For general asbestos abatement operations, worker tralning and the use of
careful werk practices are important because glove bags are often used without
other means of contaimment, such as total enclosure of the removal area with
plastic barriers and/or the use of negative pressure The effectiveness of
glave hags tao contrel asbestos emissions is very 1mportant to assure the
health of workers and tou prevent contamination of the adjoining workplaces and
the environment As noted previously, pleve bag systems that utilize internal
negative pressure, such as the Aero-Pipe Capsule, have been developed to
provide more reliable containment



SITE AND PROCESS DESCRIPTION

This study was performed in a storage area zbove the kitchen of a cafeteria in
a multipurpose office building Approximately 85 feetr of 3-inch pipe lapgging
containing 50% chrysotile and 10 to 15% crocidolite was removed from a nominal
6-1inch diameter steam pipe  The plpe passed through three semipartitioned
storage areas sbout 3 feet below the ceiling and 12 feet above the fleoor  The
partitions were constructed of wood paneling up to about 8 feet from the floor
and continued to the celling (about 7 feet} with chain-link fencing The
wallg of the storage rooms were partially lined with leckers oy shelving
contalning equipment and supplies Some freestanding lockers and stacked
equipment were in rhe open areas, but sufficient space was available beneath
the pipe for comstructien of scaffolding to support the workers while they
were removing the lagging Figure 1 is a sketch of the amrea  Several plpe
fittings, hangers, valves, etc , that were included in this run of plpe are
not shown in thiz simplified presentation  Because of the design of the
Aero-Pipe Capsule used in this study, laggping was removed from straight-run
plpe sections only, to as close to the fittings or partitioms as practleal

Figure 2 is a photograph of the "Junior Enclosure” Aero-Pipe Gapsule
reproduced from sales literature It is essentially a fiber-reinforced
plastic glove box, open at the botton The box is split and hinged so that 1t
may be opened and clamped on & horizontsal pipe run  Split gaskets at the ends
of the capsule are removable and can be replaced with gaskets of appropriate
gize for the pipe diameter to ecreate a snug fit Caskets with different
diameter apenings are available and can be utilized to compensate for
differences in diameter between the bare and the insulated pipe  Gasket
matertals can be provided in varicus materials; some will resist scftening at
temperatures above 5S00°F

The capsule is provided with a comnection for the attachment of a hose to a

90 cfm HEPA-filtered "Back-Pac" vacuum device manufactured by Aerospace
Anerica Inc The comnecting hese contalns an alr bypass contyol to adjust the
pressure Iin the capsule  Another conmnection is provided for the attachment of
a hose from a 5-pallon amended water or encapsulant supply system to an
internal applicator This system contalns an electrilc motor driven pump
controlled by a foot-operated switch  The capsule 1s also equipped with a
clear plastic obsexvation window and an internal shelf to retaln plisrs, gaws,
brushes, and other tools Waste is collected In a heavy plastic disposable
bag suitable for landfiil purposes which 1s attached to the open hottom with
an elastic band The gloves atre removable so that they may be replaced as
needed Various designs of capsules can be fabricated to accommodate vertical
plpe runs, as well as plpe elboaws, tees, and wvalves of various configurations

The removal work was performed from a mobile scaffold and platform by a two-
man team  The clamshell-like capsule required about 6 lnches of clearance to
be clamped arcund the pipe  One workman used the gloves to remove the
insulation contained within the capsule and e¢lean the batre plpe with knives,
water, scrapers, brushes, and rags The cleaned pipe and the ends of the
lagging were sprayed with encapsulant The capsule was moved down the
pipe-run and lagging removal and cleaning was accomplished in sequential
gectlons The Interlor and the upper walls of the bag were also washed
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thoroughly before the capsule was opened for movement  After the initial
section of insulation had been removed, the elastomer gasket in the cpening of
the trailing end of the capsule was replaced by one with a smaller diamster
opening to seal against the bare pipe When sufficient debris had been
accurulated, the bap was collapsed, sealed, double bapged, removed, and
replaced VWhen an obstruction was encountered (e g , a valve or tee) In the
pipe-run, the unit was unclamped and reinstalled beyond the obstacle  The
exhaust ventilation was operated continuously throughout these operations
When a new, empty bag was Installed, the vacuum bypass was used until the bag
was loaded with enough debris to prevent it from being drewn into the capsule
In spite of this, the bag became partially collapsed from the negatlive
pressure and the second worker had to fregquently manipulate the debris to the
bottem of the bag from the outside, either by pulling the walls apart or
squeezing large pieces to the botiem

To determine the efficacy of the Aero-Pipe Capsule for preventing the release
of ashestos into the enviromment during abatement operations, the rooms were
isolated with polypropylene sheeting {(poly) barriers Poly was taped or glued
to the ceiling, walls, and floors to isolate the shelving and other equipment
from the removal area and the rooms from the rest of the building The
isolated areas were unventilated and entries to the rooms were closed off by
double poly barrier flaps The small areas lahelled "B" and "C" were not
separated by poly over the chain-link fencing extension of the partition and
wvere consldered to be one area, Area B/C, for purposes of thisg study

Asbestos removal operations were conducted over four successive nights so that
the normal daytime activities in thils bullding would not be affected The
iseolation of Area B/C was completed the first night Immediately after the
1nstallation of the i1soclation barriers, pre-removal (base line) sampling was
performed using the EPA aggressive ({dynamic) sampling technique subsequently
described in the Methodology Section  Outdoor ambient samples were collected
each night through a window in the downstairs cafeteria which was well removed
from the abatement area

On the second night, i1nstruction for using the Aero-Pipe (apsule was provided
by the foreman during the removal operatioens in Area B/C because the workers
were unfamiliar with this device They were, however, well experienced in
other asbestes abatement techniques  The instructor worked individually with
each of the tralness and then cbserved and coached them as they worked
togethex Personal and area sampling was performed during this training
period Concurrent with this activity, other workers isolated Area A with
pely barriers and aggressive pre-removal sampling in this area was performed
immediately after the isolation was completed

On the third night, pipe lagging was vemoved in Area A Personal and area
samples were collected during this removal activity Concurrently, aggressive
post-removal samples were obtained in Area B/C Immediately followinhg the
completion of the removal activities 1n Area A, apgressive post-removal
samples were collected

During the last {fourth) night, lagging was removed from Area D This araa
was not enclesed for pre— and post-apggressive sampling Atres and personal
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samples were collected during the removal activities, but only twe amhient
samples were taken during this short shift

This work was performed in August when the weather was quite warm The pipe
was carrying high pressure steam and, as a result, the temperature within the
confines of the unventilated contalmment areas increased as the lagging was
removed Crew members, wearing half-face, HEPA-filtered resplrators and
Tyvek® coveralls, rotated in and out of the work area about every 15 to

20 minutes and occasionally all three workers took breaks at the same time

OCCUPATIONAL EXPOSURE CRITERIA

Because asbestos is & human carcinogen, NI0SH recommsnds that exposure aof
worTkers to asbestos be reduced to the lowest feasible limit In 1984, NIOsSH
reaffirmed 1ts previously recommended exposure limit {(REL) not to exceed
1G0,000 fibers greater than 5 micrometers {uwm)} in length per cubic meter
(£/m*) or 0 1 fibers per cublc centimeter (f/cc) based on the limlt of
guantification for analysis of samples by PCM [*) On Jamwary 23, 1991, at the
hearing on 0SHA's Notice of Propesed Rulemaking on Qeccupational Exposure to
Asbestos, Tremolite, Anthophyllite, and Actinolite,!*! NIOSH provided the
following Statement of Policy

“Qn June 21, 1984, NIOSH testified at the OSHA public hearings on
occupational exposure to ashestos and presented supporting evidence
that there 1s no safe airborne concentration of fibers for any of
the asbestos rinsrals 133 NIOSH stated that not even the lowast
fiber exposure limit could assure all workers of absolute protection
from exposure-related cancer This conclusion was consistent with
previous positions taken by NICSH in cthe 1976 criteria document on
asbestos!®! and the joint NIOSH/OSHA report of 1980 [l In its 1984
testimony, NIOSH urged that the goal be to eliminate exposures to
asbestos, or where they cannot he eliminated, to limit them to the
lowest possible concentration '3

"NIOSH concluded (1) that for regulatory purpeseg, phase contrast
nicroscopy (PCM) was stall the most practical technigue for
assessing exposures to asbestos filbers when using the eriteria given
in NIOSH Apalytical Method 7400 and (2} no distinction should be
made between airborne exposures to msbestos fibers and their
nonashestifore analogues when they meet the criteria of a fiber as
defined on a microscopic level 3! NIOSH also recognized that PCM
lacks specifiecity when asbestes and other fibers occurred in the
same environment, and that PCM cannot detect flbers with diameters
less than approximately ¢ 25 micrometer  NIOSH further stated that
1t might be necessary to analyze samples by electron microscopy
where both electron diffraction and microchemicael analysis can be
used to help 1dentify the type and concentration of ashestos fiber "

In the 1990 testimony, NIOSH recommends the following te be adopred for
regulating exposures to ashestos



"The current NIOS5H asbestos recommended exposure limit is

100,000 fibers greater than 5 micrometers in length per cubic meter
of air, as determined in a sample collected over any 100-minute
period at a flow rate of 4 L/min This airborne fiber count can be
determined using NIOSH Method 7400, or equivalent 1In those
cases when mixed fiber types occur in the same environment, then
Metheod 7400 can be supplemented with electron microscopy, using
electron diffraction and mierochemical analysis te improve
specificity of rhe fiber determination NIOSH Methed 74027
provides a gualitative technigue for assisting in the asbestos fiber
determinations Using these micrescoplec metheds, or equivalent,
airborne ashestos fibers are defined, by reference, as those
particles having (1) an aspect ratio of 3 to ! or pgreater, and

{2) the mineralogic characteristics {that 1s, the crystal structure
and elemental composition) of the asbestos minerala and theic
nonasbestiform analopues "

NIGSH also Includes the following statement on ashestos 1n pertinent Healcth
Hazard Evalustions

"NIOSH trecommends as a goal the elimination of asbestos exposure in
the workplace, where it cannot be eliminated, the occcupational
exposutre to asbestos should be limited to the lowest possible
concentration (3! This recommendation 15 based on the proven
carcinogenicity of ashestos in humans and on the ghsence of a known
safe threshold concentration

"NIOSH contends that there is no safe concentration for asbestos
exposure Virtually all studies of workers exposed to asbestos have
demonstrated an excess of ashestes-related dissase NIOSH
investigators therefore believe that any detectable concentration of
asbestos in the workplace warrants further evaluatlion and, if
necessary, the implementation of measurss to reduce gxposures

"MIOSH investipators use phase contrast microscopy (NIOSH

Methed 74001%1) to determine airborne asbestos exposures, and
electron microscepy (NIOSH Method 740201°1) to confirm them The
limits of detection and quantitation depend on sample volume and
quanticy of interfering dust The limit of detection is

0 01 fiber/ce [10,000 fibers/m’] in a 1,000 liter alr szample for
atmeospheres free of interferences The quantitative working range
is 0 04 to O 5 fiber/ec [40,000 to 500,000 fibers/m*] in a

1,000 liter alr sample

"The Qccupational Safety and Health Administration (0OSHA)
permrsgible exposure limit (PEL) for ashestos limits exposure to
0 2 fiber/cc {200,000 f/m®] as an 8-hour TWa (*°! QSHA has also
established an asbeatos excurzion limit for the construction
industry that restricts worker exposures to 1 @ fiber/ce
[1,000,000 £/m?] averaged over a 30-minute exposure period [111v



One of the proposals of the January 23, 1991, hearing was ta adopt a PEL for
ashestos of 0 1 fiber/ce (100,000 fibers /m*) for all general and construction
industry workers There has been no final vuling promulgated at this time,
however, NIOSH is fully in agreemsnt with this propesal and presented the
following =zdditional discussion at the hearing '

"A significant consideration in establishing a PEL should be the
lowest concentration that can be accurately measured using currently
available analytical techniques  NIOSH has concluded that {1} for
regulatory purposes, PCM Is the most practical technique for
assessing asbestos fiber exposures when using the ceriteria given in
NICSH analytical Method 7400, and (2) concentrations below

0 1 fiber/ec can be accurately measured 1n certain occcupational
environments  NIOSH recognizes that mixed-fiber exposures may occur
in the workplace and that fibers may need to be identified In such
cases, Method 7400 can be supplemented with electron microscopy as
described in Methed 7402, using electron diffraction and
micrechemical analysis to wmprove the specificity of the fiber
determinations [%!

"In NIOSH's judgment, the establishment of a PEL or action level
below 0 1 fiber/ce for most industrilal or constructlon work sites
would be difficult at this time  However, any detectable
concentration of ashestos found 1n the workplace warrants further
evaluation and, if necessary, the implementation of measures to
reduce exposuress "

&5 stared, the determination of occupaticnal exposure te¢ ashbestos according to
the criteria contained In the NIOSH REL and the 0SHA PEL are based on the usze
of the PCM analytical method This method has limitations based on the optics
of the microscope and upon the ablility of che mlcroscoplst to reliably
diseriminate fiber length-to-width retics in a complex sample matrix  NIOSH
Method 7400!%#! stipulates that only fibers longer than 5 um be counted with a
length-to-width ratio of either ¥ 1 (A rules) or 5 1 (B rules)

Exposures to airborne asbestos fiber concentrations are usually reported as
the nuwber of fibers per cuble centimeter (f/cc) of air In this report,
concentrations are aslso expressed as fibers per cubi¢ meter (E/n*)} The
amount of inspired air over the work shift of asbestos removal workers is
typically 1 to 2 cubic meters of alr per hour In an environment contaminated
at the OSHA PEL of 0 2 €/cc [200,000 £/m?], a worker with no respiratory
protection could inhale over two million fibers visible by PCM during an
B-hour work shift' Because of the small slze of airborne fibers, fibers
observed and counted by PCM often represent only a small percentage of the
total number of fibers inhaled by an unpretected worker

CONTROL TECHNCGLOGY
Occupational exposures can be controelled by the applicatlon of a nupber of
well-known principles, including engineering measures, work practices,

personal protection, and monitoring  These principles may be applied at or
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near the hazard source, to the general workplace enviromment, ot at the point
of occupational exposure to individuals  Controls applied at the source of
the hazard, including enginsering measures (1 e , material substitution,
process/equipment modification, isolation or automation, local wventilatlion)
and work practices, are generally the preferred and most effectlve means of
control both 1n terms of occupational and envirommental concerns Controls
which may be applied te hazardous agents that have escaped into the workplace
environment include dilution ventilation, dust suppression, air filtration and
recirculation, and housekeeping Contral measures may alse be applied near
individual workers, including the use of remote contrel rooms, iselation
booths, supplied-air cabs, work practices, and personal protectiva equipment

In general, a system comprised of the above control measures Is required to
provide worker protection under normal operating conditiens, as well as undex
conditions of process upset, failure, and/or maintenance Process and
workplace monitoring devices, personal exposure monitoring, and medical
monitering are important mechamisms for providing feedback concerning
effectiveness of the controls in use Ongoing mwonitoring and maintenance of
controls to ensure their proper use and operation, and education and

compei twent of both workers and management to oceupational health, are also
important Ingredients of a complete, effective, flewible, and durable centrol
aystem

Asbestos removal workers are often required to work In areas where there 15 a
potential exposure to high levels of alrborne asbestos fibers  Therefore, it
1s 1ncumbent upon the emplover of these workers to ensure that procedures
which effectively reduce or eliminate exposure to asbestos and other hazardous
materials or situatlons are used

DUST EXPOSURE CONTRCL STRATEGY

In this asbestos removal activaity, workers' dust exposures were controlled by
enclosing the pipe lapgging im a Aero-Pipe Capsule, & structure similar to &
portable glove box which was ventilated under a negative pressure of 0 02 to

D 5 inches of water by a HEPA-filtered vacuum system The capsule has been
described in the Background Section The pipe lagging was wetted wich amended
water throughout the removal process This contrel system has several
advantages

1 It uses wetting to inherently reduce the dustiness of the lagging
that is being removed

2 1t provides containment of the lagging at the source, as it is being
remaved

2 It provides some redundancy of contrel If any leakage of the seals
occurs, workplace air will be drawn into the capsule due to the

reduced pressure within the capsule

& The asbestos waste is contalned for subsequent handling and disposal
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5 The capsule is fabricated of flber-reinforced plastic and high
temperature gaskets are available so that work on hot pipes can be
performed [up to 500°F) without deterioration of the contaltment

CONTATINMENT OF THE WORK ENVIRONMENT

To provide a controlled condition for the measurement of alrborne contaminants
during removal activities, two test areas were lsolated with plastic barriers
It is good practice to isolate 3ll work areas in order to prevent possible
contamination of other areas unless scurce containment has been shown to be
reliable

PERSONAL PROTECTIVE EQUIPMENT

The levels of worker exposure that oceur while using the capsule were not well
defined at the time of the study Therefore, to protect against potential
expeosures, the removal workers and the field Investigators used respirators
both during removal operations and during post-removal air sampling petiods
The removal workers used half-face dust respirators with high-effictency dust
filters  NIOSH investigators used Racal Air Stream-Powered, Air-Purifying
Respirators (Breatheasy-5®) This respirator incorporates a flexible hood
which 1s flughed with air from a high efficiency filter system Both the
workers and the investigators wote disposable Tyvek® coveralls which were
replaced daily, or as needed

METHODLOGY

Five types of samples were collected in order to characterize the
effectiveness of contalinment by the Aero-~Pipe Capsule During removal
operations, personal breathing zone (PBZ) samples were collected on workers
and area alr samples were taken within the work enclosures  Area samples were
zlso taken outside the work enclosure to determine the building background
concentration in the building In addition, outdoor samples were talten ta
establish the backpground fiber concentraticns outside the building To BSsess
the overall efficacy of the asbestos removal and preliminary cleanup
operations, additlonal samples were taken before and after the completion of
the removal work using the Asbestos Hazard Emergency Response Act (AHFRA)[2)
agpgresslve sampling techmique

PERSONAL AIR SAMPLES

PEZ samples were collected only during times when workers were actively
engaged in ashestos removal and other asscciated activities including waste
collection and disposal Because the temperature within the rooms was very
high, the workers rotated activities quite frequently The personal samplers
were, therefore, removed from the retiring worker amd placed on his
replacement to acocumulate approximately three hours of sampling time for each
filter Thus, each PBZ sample was a compesite of exposures cccocurring during
the removal activities of two or morxe workers Two PBZ ssmples were c¢collected
in Area B/C, four in Area A, and two in Ares D, two short-term PBZ samples
were also obtained 1n Area D
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AREA ATR SAMPLES

Area samples were collected continucusly both inside and outside the enclosed
work area at approximately the same time the personal sampling was performed

PRE- AND POST-REMOVAL ATR SAMPLING

Fre- and post-removal air samples were obtained by sampling in the aggressive
mode for about &% hours to obtain an approximate 3500 licer sample In
accordance with the AHERAI'?] procedure, dust and fibers were dislodged from
walls, ceirling, floor, and other surfaces during a 5- to l0-mipute initial
blowdown with a leaf blower, two l8-inch fans, placed on the fleer and polnted
upwards at about a 45-degree angle, were then operated during the entire
sampling period to keep the dust and fibers suspended Ac the same time, five
gide-by-side outdeoor ambient samples were collected for about 6 or 12 hours

EVAIUATION METHODS
PERSCONAL AIR SAMPLING

The PBZ samples were collected using SKC Model 224-PCXR7 pumps at a measured
flow rate between 2 5 and 3 5 lpm; each sample volume was approximately

300 liters of alr The sampling device consisted of a 25 mm diameter
three-piece cassette, In an open—face mode with a 50 mm extension cowl  The
cassette contained a 0 8 um pore size, celiulose ester filter, Type AA, and a
backup pad, both manufactured by the Millipore Corporatien  Carbon-
Impregnated polypropylene cassettes and cowls were used to minlmize possible
localized effects of static electricity

INSIDE WORKPLACE AREA SAMPLING

Duplicate area Samples were taken using two side-by-slde 25 mm diameter
cellulose ester filteras  The sampling devices were the same type as those
used for personal sampling.

PRE- ARD POST-REMOVAL AIR SAMPLIKRG

Five bk%-hour samples were collected simultaneously using 25 mm diameter,

0 45 pm pore size, mixed cellulase ester filters followed by a 5 0 pm pore
size, celluloss ester filter between the primary filter and the backup pad
All samples were collected in three-piesce open-face cassettes which were hung
face down approximately 5 feet above the floor, Samples at each station were
collected at a measured flow rate between 8 ¢ and 9 5 lpm, utilizing
individual limiting orifices  The wvacuum source for these samples was a
Gilian 110 veolt, AG, wvacuum sampling pump

OUTDOOR AMBIENT SAMPLES
The outdeor ambient samples were collected for 8 to 16 hours te obtaln
approximately 3500 te 7000 liter samples using the sape type of 25 mm

cellulose ester filters as the pre— and post-removal samples  The ambient
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outdoor samples were collected at 2 measured flow rate batween & 0 and
¢ 5 1lpm

DISCUSSICR OF ANALYTICAL METHODS

PCM has been used, historically, for the purpose of analyzing occupational
expesures to airborne asbestos It was developed for determining occupationzal
exposure in industrial environments where airborne fibers were known to
consist essentlially of asbestos  Epidemiolcgical studies have correlated
observed health effects to PCM fiber counts  Hawever, PCHM does not
differentiate between asbestos and other fibrous matter such as organic
textile or cellulose fibers, nor does it detect very thin or small fihers

The CGeccupational Safety and Hesalth Administratlion {0SHA) permissible exposure
limit (PEL) is based on a method that utilizes PCM te manually count the
nupher of fibers greater than 5 um in length and with an aspect ratio of at
least 3 1 (length width) collected on cellulose ester fllter media t1a)

NIOSH Method 7400 describes sampling and analytical procedures for determining
fiber concentrations by PCM  This method was first 1ssued Fehruary 15,

1984 131 The third and current revision was fssued May 15, 198% [Bl However,
the second revision, made August 15, 1987,(1] was in place at the time of this
study and results are based on that revision 1t included twe sets of
counting rules  "A" rules and "B" rules  PCM samples from this study were
analyzed using the "A" rules, which define & fiber as having an aspect ratle
of 3 1 or greater

A note on the applicability of NIOSH Methoed 7400081 seates ¢ The method
gives an Index ef alrborne fibers Fiber [less than about] 0 25 um
diameter will tot be detected by this method " The method requires a
microscopist to count the nuawber of fibers collected on several wery small
areas of the filter used to capture these fibers Unfortunately, the
deposition of the flbers on the filter is not uniform  For instance, Baron
and Deye(l®] pote that " The change in particle trajectories caused by
[electrostatic] chatge effects can result in nonuniform deposits on the
collecting filter surface and net less of sample . * Therefore, 1In spite
of attempts to randomize counting areas, the specific flelds ecounted may not
be representative of the entire filter, and the interlaboratory coefficient of
variation {CV = 0 43) is quite large The term "index" 1s properly applied to
the result of microscopie fiber counts, since quantitation of analytical
results contains more uncertainty with respect to an abselute concentration
than does the analysis of most chemlcals This methed does have the
capability of producing results rapidly (less than 24 hours) and relatively
inexpensively

A8 an alternative te PCM, transmission electron mlcroscopy {(TEM) is used For
asbestos counting both because of the greatly enhanced resolution and
contrast, and of the analytical capability to differentiate between asbestoes
and nonasbestos structures The greater power of the TEM method becomes
important where airborne fibers with diameters less than 0 25 pm (the limit of
the resolving power of PCHM) are present  For example, in relatlvely clean
buildings and In the surrounding ambient enviromment, there 1s a
proportionately lower concentration of airborne fibers greater than 0 25 um
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bacause of the rapid settling of the heavier material Ewen though a
proportionately higher concentration of alrbeorne fibers less than U 25 um in
diameter may be present in these circumstances, they will not be observed with
PCM  Thus, under these conditions, noe conclusion can be made about their
Presencs or absence  Because of the poorer resolving power of the POM method,
the EPA requires the TEM method to be used for quantitating asbestos fibers In
clearing buildings for reocccupancy [1?]

Widespread use of TEWM has been limited by the relative high cost of analysis,
the availability of equipment and trained personnel, and by the sbsence of a
standardized method of analysis  NIOSH Method 7402,[°) in place at the time
of this study, used the sams cellulose ester filcrer medium as does PCM method
{Method 7402 was revised on May 15, 1989,118] however, a cellulose ester filter
Is st1ll specified } The EPA has developed a Yamate-revised provislonal
method for TEM analysis of asbestos which allows the use of either a mixed
cellulose ester or a polycarbonate f£ilter medium 7] This method was further
modified for repulatory purposes when the AHERA was promulgated in 1986, and
1s considerably different than the NIOSH Merhod 7402 and the regquirements of
the OSHA Standard

There are several other factors In addition te aspect ratlo that can affesct
the result of asbestos counting methods  Perhaps the most Important is that
PCM is used for counting total fibers greater than 5 pm in length and 0 25 pm
in diameter On the other hand, TEM counts include only fibers verified by
crystalline askestiform identification  Furthermera, the minimum fiber
diameter that can be routinely observed by PCM is approximately 0 25 um

Since many asbestos fibers have diameters less than 0 25 um, they are not
usually visible during PCM analysis  Thus, the use of TEM provides the
apportunity to 1dentify and characterize all airberne flbers present in the
work environment Total fiber counts by TEM are often far higher than counts
of the same samwple obtained by PCM  However, ence fibers are speclated, TEM
counts of ashestpos fibers may actually be lower than the PCM count, especially
for relatively low concentrations of mixed fiber type containing a high
preportion of nonasbestes fibers In spite of these limitations, PCHY analysis
is recognized as an appropriate index of cccupational exzpogure for
approximating disease potential

The EPA had estahblished "clearance" guidelines for determining when
reoccupancy may occur after asbestos removal — These guldelines were initially
published in 1984 and 1985 as "recommended practices "[8.19] The revised EPA
guldelines issued in 198501 recommended that after asbestos removal was
completed a visusl ingpection of the work area be performed, followed by
nonaggressive {quiescent) alr sampling using PCM feor filber analysis  NIOSH
Method 7400 was recognized as an acceptable analytical procedure and a

3000 liter sample was recommended In order to provide a minimum quantificationm
lamit of 0 01 f/cc (10,000 £/m*) If fiber concentrations in the building
after ashestos abatement activities exceeded this limit, then the work areas
were regquired to be recleaned until exposures were brought under contrel

Alternstively, these guidelines aslso recommended using aggressive (dynamic)
sampling and the use of TEM analysis to determine asbestos concentrations In
this scudy, aggressive sampling was performed by first dislodging dust and
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fibers from surfaces by means of a 5- to 10-minute blowdown with a leaf
blower, two 18-inch fans, placed on the floor and pointed upwards at about a
45-degree angle, were operated during the sampling periocd to keep the dust and
fibers airborne while the samples were being collected

In thiz study, pre- and post-removal apggressive samples were collected in
accordance with the Asbestos Hazard Emergency Response Act (AHERA) and
analyzed using the Yamate-revised (Level II) method {321 TEM analyses of the
PCM samples collected during work perlods were alsc performed by the Level IT
methed (instead of NIDSH Method 7402) for continuity in comparison with pre-
and post-observations  Although AHERA is applicable only to school bulldings,
i1t provides a wseful method to assess contamination levels It requires the
use of agpressive air sampling to determine if a response action (an asbestos
contalnment or removal operation and clearance procedure for reoccupancy) has
been satisfactorily completed  The regulation requires a thres-step process
using TEM analysis for determining successful completion of a response action
After visual inspection, the final two steps lnvolve a sequential evaluation
of five samples taken Inside the work site, flve samples taken outside the
work site, two field blanks, and one sealed blank  Final clearance Is granted
1f the average asbestos fiber concentration determined from the samples
collected In the work site is below the prescribed limit of detsction (LOD)}
for the TEM method  Additional ewvaluations are required if the LOD test
falls

ANALYSIS

Fer this study, PBZ and area samples were analyzed by PCM by DataChem, Inc |,
using the chird revision of NIOSH Method 7400,[8) which was im effect at that
time One of each of the duplicate samples was subsequently analyzed by TEM
uglng the AHERA method {121 Pre- and post-removal and ambient samples were
also anelyzed by TEM using this method NIOSH recommends the use of NIOSH
Method 7402 to determine the asbestos content in samples containing
nonasbestos fibrous matter, however, EPA had a contract with Chatfield
Technical Consulting Ltd to perform TEM by the AHERA method  Although these
methods empley different techniques, the results reported should be of the
same magnitude

FINDINGS AND OBSERVATIONS
FIELD BLANKS AND LOWER LIMITS QF DETECTION (LOD)
Field and quality contrel blanks were processed and were all within normal
limits The data are included in Appendixes A and B No corrections were
necessary for blank analysis
PHASE CONTRAST MICROSGOPY
The estimated LOD for Method 7400 is 7 fibers/mm®* of filter area !#! This is
equivalent to about 30Q0 fibers per filter for 25 mm diameter filters, thus,
for a 300 liter sample from an environment free from interferences, the LOD is

10,000 f/m?
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The results of samples collected while the plpe lagging was being removed are
shown in Table 1 Concentrations indicated as "less than" are below the LOD
calculated from the wolume of the sample 81X of elght personal samples were
below the LOD, and the other two were approximately equal to the LOD (4000 and
8000 £/m*) Two short-term (15-minute) samples were also below the LOD  Areas
sampling results were similar; 5 of 16 results approximated the 1OD {3000 to
8000 f/m*) and the other 11 were below the LOD

TRANSMISSION ELECTRON MICROSCOFY

There is no well-estimated LOD for the modiflied Yamate method  The laboratory
performing the analysis of samples from this study indicated that f£ilter
blanks were less than about 11 structures per squatre millimeter (s/mm?) At
this concentration, about 4500 structures could be found on 3 25 mm diameter
filter, thus an LOD of 15,000 structures per cubic meter {s/m?) may be assumed
for a 300 liter sample

About half of the samples collected during asbestos removal were also analyzed
by TEM These results are alse shown in Table 1  They ranged from 23,000 to
240,000 asbestos s/m?

The results of gamples collected to é&stablish pre- and post-removal and
outdoor amblent concentrations of asbestos structutes are shown in Table 2
Outdoor ambient samples, collected through a downstairs cafeteris window well
away from the asbestos removal activities, were all at or below the LOD of
about 1200 s/m?

Five samples were collected simultaneously to determine the pre- and
past-removal concentrations of asbestos structures In each area  These data
indicate that in Area B/C the asbestos structure contamination increased from
an average of about 27,000 s/m® hefare remcval to 73,500 s/m’ after remaval
was completed Contamination in Ares & was aboub an crder-of-magnituds
greater than in Area B/C, it increased from an average of about 265,000 s/m?
before removal to 783,000 s/m® after removal was completed

It should be noted that the results reported in this survey were obtained
before the contractor had Ffinished hls work and do not represent the Flher
concentrations which were sttained at the completion of this asbestes removal
operation Although asbestos removal from public buildings is subject to the
AHERA repgulations, there are oo cleanliness {clearance) requirements for
asbestos removal from commercial bulldings

DISCUSSION

Because of limited resources, sampling was restricted ta twe work positions on
three shifts  Btatistical analysis of so few data points has very little
power, therefore, only a qualitative analysis 1z presented for the PCM data

The results of PCM analysis (Table 1} indicate that the Aero-Pipe Capsule, as
uged In this study, provided worker protection well below the proposed 0OSHA
PEL, 1 e , less than 100,000 £f/m* However, the TEM tesults indicate the
presence of many asbestos structures not wvisible by PCM
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Table 1

Fiber and Asbestos Structure Concentrations During
Asbestos Removal Utlilizing an Aero-Flpe Capsule

Concentration
Sample
Volume By PCM By TEM
Ares Date (Liters) (£/m®) (s/m*)
Breathing Zone Samples

B/G DB/10 402 <8 ,000 159,000
B/C D&/10 402 8,000

A 08/11 5330 <g,000 237,000
A 08/11 552 <6,000 113,000
A 08/11 529 <5,000 46,000
A 08/11 571 t, 000

D QE/12 315 <%,000 115,000
i D&/12 347 <%,00c0

D - Short Term 08/12 45 <68, 000 185,000
D - Short Term 0B/12 ) <48,000 68,000

Area Samples

B/¢ - Outslde Q8,10 4032 <B, 000 76,000
B/C — Qutside 08/10 402 8,000 H
B/C - Outside 08/10 1009 <3,000 48,000
B/C - Dutside 08/10 1012 3,000

A - Inside 08/11 735 7,000 '
A - Inside 08/11 745 <4, 000 240,000
A -~ Inside 08/11 363 8,000

A - Inside ng/11 363 <8, 000 247,000
A - Qutside 08/11 896 <3,000 167,000
A - Outside 08/11 396 3,000

A - Qutside G6i/11 369 <4 ,000 56,000
A - OQutside 08/11 357 <8,000

D - Proximate 08/12 426 <7, 000

D - Proximate 08,12 426 <7,000 123,000
D - Vac Exhaust 0g/12 345 <9,9000

D - Vac Exhaust D8/12 345 9,000 26,000
Ambient 08/12 1209 <2,000

Ambient 08/12 1208 <2,000 <3,000

— . — —
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Table 2 Pre- and Post-Removal Asbesros Cohcentrations
{structures/cubic meter)

Pre-Removal Ambient || Post-Removal Ambient
Area B/C
I 36,700 1,200 74,400 <1,300
40,700 <1,200 67,900 <1,300
17,000 <1,100 61,800 <1,200
17,900 1,200 89,100 <1,300
23,300 <1,200 74,600 <1,300
27,100 Avarage 73,000
' Area A
254,100 1,200 444 700 <1,300
299,300 <1,200 696,600 <1,300
300,900 1,200 687,200 <1, 200
240,700 <1,300 1,502,000 <1,300
227,500 1,200 582,200 <1, 300
264,500 Average 782,600
— —

The results of the TEM analyses are much less straightferward  Pre-removal
concentratiens of ashestos structures found in Area A, as measured by the
aggressive sampling technique, were an order-of-magniiude greater than those
found in Ares BYC A possible explanation for this difference is that
vibrations created by the removal process In Area B/C may have been
transmitted to the pipe isclated in Area &  Although the lagging appeared to
be in good condition, as determined by vlsual Inspectlon, the wvibrations may
have caused detrition of the lagging at the jeoints and fittings which resulted
in asbestos emissions from these locations

For both areas, the average post-removal levels of asbestos contamination were
almost three times greater than the pre-removal levels (Table 2) In all
casea, the differences of average concentratlcns were significant, based on
the Students t-test, (p = 0 05) TEM analysis of the PBZ samples (Table 1)
did not help to clarify the source of the increased cemtamination levels In
Area B/C, the one personal exposure sample indicated a ¢oncentration of
159,000 s/m* by TEM (Table 1), about twice the post-removal concentration
Because higher concentrations would be expected near the source of the
emiszions than at more remote locations, the higher PBZ concentration measured
close to the point of asbestos release is comsistent with the increased
post-remaval area concentrations measured

In Area A, the TEM sampling results were more variable The average PBZ
concentrations (132,000 s/m*) were lower than the average pre-removal
contamination {264,000 s/m?) The two area camples taken inside the room
indicazed that the average concentration of airborne asbestos 1n the rcom
during removal (244 000 s/m®) was about equal to the pre-removal concentratien
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obtained by apgressive sampling The post-removal concentrations averaged
783,000 s/m? (602,800 without the outlier), these results are consistent with
the well known variability that occurs in asbestes aszmpling data

The dimensions (length and width) of all asbestos structures counted in the
TEM analysis are recorded As a result, it Is possible to plot a size
distribution of the structures observed Figure 3 presents the cumulative
concentration of structures by length observed in the pre- and pest-removal
sapples Figure 4 presents the cumulative ¢oncentration of structures
collected by persuvmnal breathing zone samples and of samples collected Inside
and cutside the enclesure durlng removal operations in Area A

It 18 also possible to plot the length-to-width relationship of the structures
chserved For samples taken in Area A, Figure 5 shows this relatlonship for
the pre-removal samples, Figure & shows past-removal samples, and Figure 7
shows the PBZ samples In the upper right hand corner of these three plots is
a "PCM window" which includes those structures having a length of at least

5 pm (horizontal line), a diameter of at least O 25 pm (vertical line), and
aspect ratios of 5 1 (left sloping line) and 3 1 (right sloping line} These
plots praphically i1llustrate that, for all of the sampling results, very few
fibers were in the PCM window

CONCLUSTIONS AND RECOMMENDATIONS

Under the conditions of this study, worker exposures which occurred when the
Aero-Pipe Capsule was used for asbestos-containing pipe lagping were well
below the OSHA PEL and the NIOSH REL criteria, based on samples analyzed by
PCM The data from TEM-analyzed samples indicated that there may have heen an
increase in total fibers as a result of the asbestos removal procedure  The
authors are not aware of information that allows for a meaningful
interpretation of the significance of the absolute levels of asbestos
structures found by TEM, however It is prudent practice to provide the most
reliable protection possible for carcinogens such as asbestos  The authors
believe that the concept of & nepgative pressure glove bag 1s clearly better
than that of a standard glove bag, and that the use of negative pressure glave
bags sheuld be strongly encouraged when glove bag removal is done

It would be prudent to use respiratory protection and disposable coveralls
when using the Aero-Pipe Capsule for ashestos removal aperatlons This would
provide protection against sccidental releases of asbestos which may occur
because of the loss of vacuum, seal failure, or the rupture of g bag  Backup
containment or isolation of the working area may also be mecessary to avoid
cantamination of the surroundings should an accident oeccur or where pre-
existing contamination, 1 e , damaged pipe lagging or the presence of friable
asbestos-contalning materlals, may be dlsturbed Where possible, sampling in
an sggressive mode to estimate the amount of contamination present before
removal operations are begun is recommended, this can help establish the need
for additional precautions
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Although neither the source nor the health effects of the small asbestos
structures chserved in this study by TEM are well established, further study
of this control under varied work conditions to validate its performance and
better define optimum work practices ls warranted Furthermore, data from
this study is insufficient to define conditions where negative pressure gleove
bags can be used without backup containment of the work area  Additional work
might establish these parameters Even 1f it can be shown that such
containment is unnecessary, the authors believe that respiratory protection
should be provided for warkers whenever glove bags are used
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APPENDIX A AERO-PIPE CAPSULE DATA - PERSONAL AND AREA SAMPLES

Sample

Numbar

AAZEG3Y
AAZEES
AAZEBIT
AAZRGTT
AAZEEAS
AAZ5EGA4
AAZ5E59
AAZ5654
AASEE41
AAPSERB
AAZS610

AAZRA55
AASS649
AAZEE33
AAPSI3D
AMZSS3S
AAZEE21
AADEEE6
AAZSE40
AAZSEAG
ANZEBAZ
AAPSE30
AAZ5E32
AMISERD

AAZBESD
ARZEEID
AADEECH
AADEEET
AAZSE23
AAZSEST
AA25E95
AAZ5E29
AAZ54397
AAZRI4
AAZ5G30
AN2CEZ2

Location

BiC - PBZ
B/C - PEZ
B/C - Outsida
B/C - Outside
B/G - Qutsice
B/C - QOutslde
Blank

Blank

Blank

Blank

Blank

A-PBZ
A-PBZ
A-PBZ
A-FPBZ

& - Insida
A - Inside
A - Insida
A - Insida
A - Dutside
A~ Dutside
A - Outsida
A - Outsidg
Blank

- PBZ

- PBZ

0 -STBZ
D-5TBZ

[ - Vac Exhaust
[ - Vac Exhaust
D - Insida

O - Inside
Amblan]
Ambient

Blank

Blank

oano
G810
oanp
0810
0810
garg
0BHO
08/10
oano
08110
08510

0811
0811
Q811
o811
o8/
o811
oan1
o811
oani
0ar11
o8
aar
o811

oan2
ez
can2
0gf2
oanz
o2
0812
can2
oanz2
paiiz
oan2
08/12

Tirme Volume
Bate {min) (Liters)

133
133
133
133
333
333

77
182
182
189
121
121
245
245
18
332
119
332

m
114

15

21
114
114
142
142
186
166

27

402
402
402
402
1012
1008

528
552
550
571
363
363
735
745
369
996
357
296

335
347
45
B3
345
5
425
426
1208
1208

Goncentration
TEM Anatysis FCM Analysls
{simm®)  (skec) dmm2z)  {ffcc)
166 205 O 1532 <3000 <0008
3000 Go08
79863 00782 <3000 <0008
3000 o008
3000 G003
125 028 O 0477 <3000 <0003
<11 080 <3000
<11 080 <3000
<3000
<10 520 <3000
<3000
63118 00459 <3000 <0005
161 743 01130 <3000 <0006
438 080 02370 <3000 <0006
4000 0004
232 887 0 2488 <3000 <0008
3000 0008
s0C0 0007
463 662 0 2309 <3000 <0 Q04
53 914 00563 <3000 <0008
3000 0003
<3000 <0008
431 307 01667 <3000 <0003
<30 783 <3000
92723 01146 <3000 <0 Q09
<3000 <0 009
21566 01845 <3000 <0 068
11080 00677 <3000 <0048
<3000 <0009
233ars 00261 <3000 <0 Q09
<3000 <0 Q07
136335 01233 <3000 <0 0OV
<10520 00033 <3000 <0002
<3000 <0 Qo2
<3000
<11 688 <3000



APPENDIX B- AERQO-PIPE CAPSULE DATA - AMBIENT AND PRE- AND POST-REMOVAL SAMPLES

Concenfration
Sampla Time  Vplume (TEM Analysis)
Nurrber Location Date {miny  (Lrtors) {simm2) {5/cc)
AHO1 Ambient 08/Q9 370 3404 10 434 aonz
AHQ2 Ambient 08/09 393 3404 <10 434 <0 0012
AHD3 Ambiant 08/0% 381 3400 <10 020 <0 0011
AHO4 Ambnent Ca/09 369 3404 10 434 0oz
AHOE Ambuant 08/08 &7 A348 <1044 <0 Q012
AHOG Blank 08/09 - ——— <11 222
AHO7 B/ Pra-rémoval 08/09 375 3550 338 792 0 Q367
AHOTR" B/C Pra-remaval 08/09 375 3552 282 328 o Q308
AHO8 B/C Pra-remaval 08/09 375 3550 375 054 0 G407
AHoBD* B/ Pre-removal il 375 3549 514 359 0 0558
AHOY B/C Pra-removal 0g/09 375 3550 156 511 00170
AH10 B/C Fra-remaoval 0809 375 J550 164 817 o 7o
AH11 B/C Pre-removal 08/09 ars 3550 214 568 00233
AH12 Ambient 0810 370 3403 10 988 oo0i2
AH13 Ambiant 0810 393 3403 <10 988 <0omz
AH14 Ambiarmt 0810 g8 3403 43 951 G 0050
AH14D" Ambient 0810 382 3525 10 988 00012
AH15 Ambient 08Ho 360 a0z <11 283 <0 0013
AHI7 Ambiant 0810 363 3403 10 98B Qqpi2
AH1G Blank 0BG - —m-— <11 463
AH18 Blank 0810 -— ———— <11 91B
AH19 Blank 0810 —_— —— <10 988
AHZ0 A Pre-removat oanao 375 as5s0 2342 920 0 2541
AHZ1 A Pre-ramoval 0&no 375 550G 2758 320 Q2093
AH22 A Pra-removal 0B8N0 378 3550 2774 420 0 3009
AHZ3 A Pra-ramoval 08110 375 3550 2219 540 Q 2407
AH24 A Pro-removal 0810 a7s 550 2097 550 0 2275
AH26 Amblent os1 700 3345 <11 293 <0 0013
AHZ8 Ambent 0811 700 3450 <11 587 <0 0013
AH41 Amblent 0811 700 a454 <10 716 <0 02
AHa2 Ambient 0B 700 3251 <10 588 <0 0013
AH46 Ambient 0811 700 3514 =11 587 <0013
AH30 Blank 08/11 -— -— <11 222
AHZ7 B/C Post-Remaoval H8M11 85 3401 657 354 0 0744
AHI BIC Post-Removal TR 385 3551 B2& 308 0 0679
AH3Z BfC Post- Ramoval 08/11 aas 3513 663 446 00618
AHIE BIC Post-Removal QM 345 as5y g21 693 4 0e91
AH37 BIC Post-Removal 08/11 385 3551 647 754 0 0748
AHZ9 A Post-ramoval D811 an aek2 4216 070 0 4447
AH34 A Post-remoaoval 0811 an 2870 6549 970 0 6966
AH38 A Post-ramoval 08/11 ar 3504 6260 430 06879
AH4G A Post-ramoval 0aM 371 3567 13668 600 1 5018
AHEQ A Post-removal 0811 an 3652 5822 470 0 5822
* R = Recount by tha same micrascopist D = Ragount by a differant microscopist
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