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INTRODUCTION

Undex the Oceupational Safety and Health Act of 1970, the Natlonal Institute
for Qccupational Safety and Health (NTQSH) was assigned responsibilities for
conducting research i1n occupationasl safety and health, for disseminating
informatien emerging from thase studies, for recommending standards to
regulatory agenclies, and for supporting the tralning of professionals in
occupational safety and health It was placed in the Department of 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 Qeccupational Safety and Health
Administration (QOSHA) in the Department of Labor

An i1mportant area of NIOSH research deals with methods for contrelling
occupational exposure to potential biological, chemical, and physical hazards
The Engineering Control Technology Branch (ECTB) of the Division of Physical
Sciences and Engineering has been given the lead within NIOSH to study the
engineering aspects relevant teo the contrel of these hazards in the workplace
Since 1976, ECTB has conducted assessments of control technology methods used
in 1ndustry on the hasis of controls used within a selected industry, coutrols
used for common industrial processes, or specific control techniques  The
objective of these studies has been to document and evaluate effective control
technigues (e g , isclation or the use of local ventilation) that

sinimize rigk of potentlal health hazards, and to create an awareness fox the
need for ar the availability of g¢ffective hazard control measures A tumber
of studies on contrel assessments, including the present study, have been
performed in collaboration with the Envirommental Protection Apgency {(EPA)

The results of 4 previous study!l indlcated that glove bags are a useful
engineering tocl to reduce worker exposure to asbestos during the removal of
asbestos-containing materials (ACMs), however, as used in that study, they did
not completely contain the asbestos being remeoved  Because of the potentlal
for leakage of the glove bag and accidental rupture of the bag or seals, the
use of personal protective equipment (e g , disposable coveralls, respiratary
pressure enclosure} was recommended for use during any glove bag operation
The objective of the present study was to conduct a brief evaluation of the
efficacy of a Custonm Fabricated Negative sir Glove Bag to contxol workex
exposure durilng its use in ashestos removal The Custom Fabricated Negative
Air Clove Bag 15 designed to use local exhaust ventilation as an auxiliary
contrel for gleve bag containment  The concept of the design is that 1f
leakage of the seals occcuts, outside alr always will flew Into the bag thereby
preventing the flow of contaminated air cut of the bag and into the workplace

The EPA also has interest in effective technlques Lor the control of emissious
created by asbestos removal operations 1n order teo prevent contamination of
the environment and to protect the health of persons occupying or working in
buildings where ashbestos abatement 15 deone and of the general population As
part of a cooperative agreement with the EPA, additiomal work was performed to
determine the efficacy of the Custom Fabricated Negative Alyr Glove Bag system
to contral ambient atmospheric asbestos concentrations when asbestos
contarning matexrlials are removed



BACKGROUND

A pliot study of asbestos abatement operations conducted in 1934 by NIOSH
vesearchers identified nevel approaches that have been and are being developed
Ca contrkol asbestos fiber exposura to workers enpgaped in the removal of
asbestos-containing materials (2] Two principle methods currently used to
control airborne asbestos exposures are wetting the ACMs and the use of
negative pressure enclosures in the workplace Wetting methods utilize fluids
to saturate ACHMs before and during the removal of these materials to reduce
the potential for the asbestos fibers to become airborne  Exposure control by
negative pressure is accomplished by the use of fans or exhaust devices to
remove contamineted air from work areas which have been 1solated with
temperary walls made of plastic sheeting, and to draw clean dilutien air inte
these enclosed work areas, In order to contaln and reduce airborne asbestas
emissions, the exhausted air 1s filtered through high efficiency particulate
alr (HEPA) filters before being released to the atmosphere

NIDSH researchers belleve that containing asbestos as 1t 1s removed provides a
distinct advantage in controlling airborne asbestos levels  The awvaluation of
saurce controls, such as coentaloment ot local ventilation applied at the
source of the emission, 1s therefore of particular interest because these are
generally the most effective in controlling both cccupaticonal exposure and
environmental releases  An asbegstos abatement activity that is frequently
performed is the removal of pipe lagging, (1 e , ACM used to insulate pipes
carrying heated or refrigerated liquids or vapers) Glove bags are often used
a5 source controls during the removal of pipe lagging These are large
plastic bags with long gloves sealed inte the body of the bag Tha worker
seals the bag around the material to be removed and then manipulates various
removal tools within the bag by means of these gloves in order to remove the
lagging The ACM and other debris falls to the bottom of the bapg, where 1t is
contained for final dispecsal as asbestos waste in accordance with repgulations
promulgated by the EPA and by State and leocal govermments  Glove bags may
also be used for genersl plant maintenance where ACMs are removed only to gain
access to valves or other insulation covered items that need repair The
authors believe that reliable contalmment that dees not depend on careful
training is especially impertant in this case, because workers who only remove
asbestos lagpging oceasionally should not be expected to remember detailed work
practices

For general asbestos sbatement ecperations worker training and the use of
careful work practices are important because glove bags are aften used without
other means of contaimment, such as totsl enclosure of the removal area with
plastic barriers and/or the use of negative pressure  The effectiveness of
glove bags to control asbestos emissions is very important to assure the
health of workers and te prevent contamination of the adjolning workplaces and
the enviroenment  As moted previously, glove bag systews that wutilize internal
negative pressure, such as the Custom Fabricated Negative Alr Glove Bag, have
been develeped to provide more rellable containment



SITE AND PROCESS DESCRIPTIION

The ashestas remaval process studled at the University af Massachusetts
ipvolved the construction of a Custom Fabricated Negative aAir Glove Bag
encleosure on site te fit the task and the removal of rhermal i1nsulation from
three hot water pipes The University volunteered to particlpate in this
resesrch project and provided access to the test facillty and an abatement
work crew experlenced In conventional abatement methods (including the use of
glove bags) The crew recelved a half day of classroom instruction and one
and a half day of hands on, on-site training This training was provided by
Dr Joseph Guth of Interscience Research, Norfolk, VA on Saturday and Sunday
He has provided similar training te the US Navy and other ¢lients in the past
The training Included manuals and demonstratlens with tralning alds

This study was performed in a 57-ft x 20-ft dormiteyy activity room which was
divided into four test containments as shown in Figure 1  About 145 feet of
Aircel thermzl insulation was removed from approxlmately equal lengths of 1-,
2", and 3" hot water pipes as was the asbestos magnesium Insulation on 13
tees The Aircel contained 45 to 60% chrysotile and the joint cement 10 to
20% amosite and 30 to 40% chrysotile  The three parallel pipes ran full
length slong one side of the room and across one end, about a foot below the
12-foot ceiling Each pipe run was separately enclosed in a poly envelope
The lagging on the pipe along the end of the room was visibly damaged and was
enclosed {Area A) for removal after the completion of this study

The remaining 48 feet of the pipe runs were divided into three areas

Training was conducted in Aresa B (15 ® 20 feet), the other twe containments,
aArea © (15 x 14 feet) and Area D (9 x 15 Feet) were areas used for the present
study They were 1solated by means of walls fabricated from 6 mil
polvethylene from fleor to ceiling Conventional sbatement enclesure airleock
entries were provided for Arecas A, C, and D, access to Area B was throuph a
double flap entry opening between Area A and B On Saturday, Area B was
complered te provide a teaching area for the fabrication af a glove bag
enclosure The glove bag was constructed under the direction of Dr Guth on
Sunday  On Monday, merning the walls for Areas C and D were erected except
for the partition separating them  Pre-removal, aggressive monitoring was
acconplished In Area C/D while the training removal was conducted in Avea B

On Tuesday morning, Area D was 1solzated from Area C and the remainder of the
day was spent fabricaring the bag In Area € On Wednesday morning, this bkag
was completed and removal was started The removal was completed In Avea €
that afterncon and geod progress was made on the fabrication of the Area D
bag Area C post-removal, aggresslive sampling was completed that nighe On
Thursday morning, workers were shown a vadec replay of the highlights of the
previous day’s actlvities and were alsc provided with constructive feedback
The Area D bag was then completed and an air lock was constructed In the
afternoon removal was completed and post-removal, aggressive sampling was
performed that night
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The construction of a Custom Fabrilcated Negative Alr Glove Bag was
accomplished using large sheets of polyethylena, gauntlet gloves, spray
adhesive, tape, asnd high efficiency particulate air (HEPA) respirator
cartridges (See Filgure 1lA) Alternatively, prefabricated glove and arm
inserts can be purchased from glove bag manufacturers for installation in the
bag The bag was slzed teo contain the amcunt of remowval work to be
accomplished in one day A framework was constructed around the pipes from
which lagging was to be remaved to support the bag and ta prevent 1t from
collapsing under negative pressure  This was fabricated from 1" PVG pipe for
this study, and was suspended with wires from varleus available points of
attachment, 1 e , pipes, plpe haengers, brackets, etc The bag was comsiructed
to f£it loosely around the remcval area te allew the workers ample space to
manipulate their arme and hands in the gloves within the bap  Although Dy
Cuth recommended laying out the poly to the dimensions of the bapg and
ingtalling the gloves before hanging it over the framework, the work crew
preferred to install the gloves after the bag was formed over the supporting
framework

A large, three blower Ni1lfisk® HEPA vacuum cleaner was used to exhaust alr
from the bag The amount of vacuum necessary to maintain an effective
negative pressure depends on the size and tightnass of the construction  The
HEFA-filter resplrator cartridges were Installed Iin the walls of the bag to
provide a restricted flow of replacement air and to prevent the release of
asbestos due to backflow In case of a vacuum source failure or 1f the pressure
in tha bag hecame posicive for a brief period due to work activiiy

Waste disposal chutes were built into the battom of the bag at convenient
intervals and waste bags were attached with adhesive and duct tape to recelve
the debris The waste bags were fitted into fiber drums which sat on the
fioor UWhen a waste bag was filled, both the neck of the bag and the chute
were twlsted, separately sealed with duct tape, and then the bag was cut off
between the seals A replacement waste bag (in a separate fiber drum) was
taped ta the chute After the duct tape sealing the chute was removed, the
chute was untwisted so theat additlonal debris could be removed from the same
area During the first removal operation in the training ares B, the dispesal
chutes were constructed of poly tubing which tended to collapse due to the
negative pressure 1t regulred mueh manwal manipulation on the pwtside of the
chutes to force the debris into the waste bags To relleve this problem, the
plain poly tubing was replaced with spiral wire wound reinforced poly tubing
in the subsequently-~constructed glove bags

The removal work inside the bag was performed under a net negative pressure
Smoke tubes were useful to test the integrity of the construction, 1 e , to
tdentify major leaks which developed in the course of removal and to determine
the effectiveness of capture at swall openings and miner leaks A maghahelic
gauge was be used to measure the negative pressure {(vacuum) In the bag

When the asbestos removal was completed, the pipes and the bag and its
supporting structure were washed thoreughly, then the wet bag was collapsed by
removing the pipe framework whlle the vacuum was opatrating The PVC pipe was
wiped clean with s wet rag as 1t was extracted Next, the containment bag was
cut free along the top and simultaneously rolled up under the pipes It was
then bagped for disposal.
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OCCUPATIONAL EXPOSURE CRITERTA

Because asbestos is a human carcinogen, NIOSH recommends that exposure of
workers to asbestos be reduced to the lowest feasible limit In 1984, NIoSH
reaffirmed 1ts previously recommended exposure limlit (EEL)} not to exceed
100,000 fibers greater than 5 micrometers (pm) in length per cubic meter
(£/m?) or 0 1 fibers per cubic centimeter (£/ce) based on the limit of
quantification for analysis of samples by PCM 3l On January 23, 1991, at
the hearing on OSHA’s Notice of Proposed Rulemaking en Occupational Exposure
to Asbestos, Tremolite, Anthrophyllite, and Actinolite,[4] NIOSH provided the
folleowing Statement of Policy

"On June 21, 1984, NI0OSH testified at the 0SRA public hearings on
ocoupational exposure to ashbestos and presented supporting evidence that
there is no safe airbotne concentration of fibers for any of the asbestos
minerals 33 NIOSH stated that not even the lowest fiber exposure 1imit
could assure all workers of absolute protection from exposure-related
cancer  This concluslon was consistent with previous positlons taken by
NIOSH in the 1976 criteria document on asbestes!®! and the joint NIOSH/OSHA
report of 1980 [7) In 1ts 1984 testimony, NIOSH urged that the goal be to
eliminate exposures to asbestos, or where they cannot be eliminated, te
limit them to the lowest possible concentration [3

PNIOSH concluded (1) that for regulatory purposes, phase contrast microscopy
{(PCH) was stlll the most practical technique for assessing exposures to
zsbestos f1bers when using the crateria given in MIOSH Analytical Method
7400 and (2) no distinction should be made between airborne exposures to
asbestos Elbers and their nonasbestiform analogues when they weet the
criteria of a fiber as defined on a microscopic lewel [5T NIOSH also
recognized that PCM lacks specificity when asbestos and other fibers
oceurred In the same environment, and that PCH cannot detect fibers with
diameters less than approximately O 25 micremeter  NIOSH Iurther stated
that it might be necessary to analyze samples by electron microscopy where
both electron diffraction and microchemical analysis can be used to help
ident1fy the type and concentration of asbestos fiber "

In the 1990 testimony NIOSH recommends the following to be adopted for
repulating exposures to asbesteos

"The current NIOSH asbestos recommended exposure limit I¢ 100,000 fibers
greater than 3 micrometers in length per cubic meter of azir, as determined
in a sample colleeted over any lO0-minute period at a flow rate of
4 L/min  This z2lrborne fiber ecount can be determlned using NIOSH Method
740008)  or equivalent In those cases when mixed fiber types occur in the
game envitronment, then Method 7400 can be supplemented with electron
microscepy, using electron diffraction and microchemical analysis to
improve specificity of the fiber determination NIOSH Method 740207]
provides a qualitative technique for assisting 1n the asbestos flber
determinations Uaing these micrescopic methods, or squivalent, airborne
asbestos fibers are defined, by reference, as those particles having (1)
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an aspect ratio of 3 to 1 or greater, and (2) the mineralegic
characteristics (that 1s, the erystal structure and elamental compesition)
of the asbestos minerals and their nonasbestiform analogues "

NI05H also includes the followlng statement on asbestos in pertinent Health
Hazard Evaluations

"NIOSH recommends as a goal the elimination of asbestos exposure 1n the
wotkplace, where It cannot be eliminated, the occupational exposure to
asbeatos should be limited to the lowest poasible concentration [3) This
recommendation 1s based on the proven carcinogenicity of asbestos in
humans and on the absence of a known safe threshold concentration

"NIOSH contends that there 1s no safe concentration for asbestos exposure
Virtually all studies of workers exposed to asbestos have demonstrated an
excess of asbestos-related disease  NIOSH Investigators therefore beliewve
that any detectable concentration of asbestos in the werkplace warrants
further svaluation and, if necessary, the implementation of measures to
raeduce exposures

"NIOSH investigators use phase contrast microscopy (NIOSH Method 7400(%1)
to determine alrberne asbestos exXposures, and electron microsceopy (RIOSH
Method 74021%1) to confirm them The limits of detectlon and quantitation
depend on sample volume and quantity of interfering dust The limat of
detection 1s 0 01 fiber/cc {10,000 fibers/w?] 1n a 1,000-liter air sample
for atmospheres free of interferences The quantitative working range is
0 04 to 0 5 fiber/ce [40,000 to 500,000 fibers/m®] in a 1,000-1liter air
gample

"Tha Occupational Safety and Health Administration (OSHA) permlssible
exposure limit (PEL) for ashestos limits exposure to ¢ 2 fiber/fcc [200,000
f/m*] as an B-hour TWa ['°1 (0SHA has also established ap asbestos
excursion limit for the constructien industry that restricts worker
exposures to 1 0 fiber/cc [1,000,000 f/m?] averaged over a 30-minute
exposure peried [1e

OGne of the proposals of the January 23, 1991 hearing was to adept a PEL for
asbestos of O 1 fibarfce (100,000 fibers /uw®) for all general and construction
1ndustry workers  There has been no final ruling promulgated at this time,
however, NIOSH is fully in agreement with this proposal and presented the
follawing additienal 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 HYIOSH has concluded that (1) for regulatoxy
purpeses, PCHM is the most practical technique for assessing asbestos fiber
exposureg when using the criteria given in NIOSH analytical Method 7400,
and (2) concentrations below 0 1 fiber/ce can be accurately measured in
certain occupational envircnments  NIOSH recognizes that mixed-fiber
exposures may occut 1n the workplace and that fibers may need to be
identified In such caszes, Method 7400 can be supplemented with slectron
microscopy as deseribed in Methed 7402, using electron é¢iffraction and
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microchanical analysis to lmprove the specificity of the fiber
determinacionsg (5!

"In NIOSH's judgement, the establishment of a PEL or action level below
0 1 fiber/ce for most industrial or comstructlon work sites would bhe
difficult at thig time However, any detectable concentration of asbestos
found in the workplace warrants further evaluation and, if necessary, the
Implementation of measures to reduce exposures "

Az stated, the determinatlion of occupatienal exposure tao ashestos according to
the criteria contained in the NIOSH REL and the OSHA PEL are based on the use
of the PCM analytical method  This method has limitstions based on the optilcs
of the micrescope and upon the ability of the micrescopist to reliably
discriminate fiber length to width rarios in a complex sample matrizx  NIOSH
Method 7400081 stipulates that only fibers longer than 5 pm be counted with a
length te width ratio of either 3 1 (& rules} or 5 1 {B rules)

Exposures Co airborne asbestos fiber concentrations are usually treporced as
the number of fibers per ecublc centimeter (f/ec) of arr In this report
concentrations are also expressed as fibers per cubic meter (f/m*) The
amount of inspired air over the wark shift of asbestos removal workers is
typically 1 to 2 cubic meters of air per hour In an enviromment contaminated
at the OSHA PEL of 0 2 f/cc [200,000 f/m*] a worker with no respiratory
protection could inhale over 2 million fibers visible by PCM during an 8-hour
work shift!' Because of the small size of airborne fibers, fibers observed and
counted by PCM eften represent only a small percentage of the total number of
fibers inhaled by an unprotected worker

CONTROL TECHNOLOGY

Occupational exposures can be controlled by the application of a number of
well-known principles, ineluding engineering measures, work practices,
personal protection, and monitoring  These principles way be applied at ar
near the hazard source, to the genersl workplace environment, or at the point
of accupational exposure ta individuals. Contrels applied at the source of
the hazard, Including engineering measures (i e , material substitution,
process/equipment modification, isclation or automation, local wentilation)
end work practices, are generally the preferred and most effective means of
control both in terms of occupational and environmental concerns  Controls
which may be appllied to hazardous agents that have escaped inte the workplace
environment include dilution ventilation, dust suppressicn, air filtration and
recirculation, and housekeeping Conirol measures may alsoe be applied near
1ndividual workers, including the use of remote centrol rooms, isolatien
booths, supplied-air cabs, work practices, and personal protective equipment

In general, a system comprised of the above contrel measures is requared to
provide worker protection under normal operating conditions, as well as under
condirtionz of process upset, failure, and/or maintenance. Process and
workplace monitering devices, personal exposure fiobdtoring, and medical
monitoring are important mechanisms feor providing feedback concerning
effectiveness of the contrels in use  Ongoing monitoring and maintenance of
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controls to ensure their proper use and operation, and education and
commitment of both workers and management te ocecupational health are also
important ingredienta of a complete, effective, flexible, and durable control
system

Asbestos removal workers are often required to work in areas where there is a
potential exposure to high levels of airborne asbestos fibers. Therefore, it
is incumbent upon the employer of these workers to ensure that procedures
vhich effectively reduce or eliminate exposure to asbestos and other hazardous
matertals or situations are used

DUST EXPOSURE CONTROL STRATEGY

In this asbestos removal activity, workers' dust exposures were contrelled by
enclosiog the plpe lagging in a large custer-bullt glove bag whlch was
maintained under a negative pressure (0 02 to 0 1 inches of water) by a
HEPA-filtered vacuum system. The pipe lagging was wetted with amended water
throughout the removal process This control system has several advantages

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

2 It provides containment of the lagging at the source, as 1t 1s being
removed

3 It provides some redundancy of controel 1f any leakape of the seals
oceurs, workplace air will be drawn inte the Bag due te the reduced
pressure within the RBag

4 The asbestos waste 1s contained for subsequent handling and dispesal
throughout the removal process

5 The bag can be constructed to contain valves, fittings, etc and in
irregular shapes to surround an amount of ACM that can be removed in a
single day or less

GONTATNMENT COF THE WORE ENVIRONMENT

To ptovide a contrelled condition for the measurement of alrborne contaminants
during removal activities, three test areas were isolated with plastic
barriers It is good practice to isolate all work arsas in ordsr to prevent
possible contamination of other areas unless source contalyment has been zhown
to be reliable

PERSONAL PROTECTIVE EQUIPMENT

The levels of worker exposure that occur while using the Custom Fabricated
Negative Alr Glove Bag were not well defined at the time of the study
Therefore, to protect against potential exposures, the removal workers and the
fleld investigators used respirators both during removal operatioens and during
post-remcval alr sampling periods The removal workers used half-face dust
raspirators with high efficiency dust filters  The NIOSH investigators alse
used half-mask respirators with high efficiency dust filters while observing
the removal operations, however, when performing the aggreasive sampling,
Racal Alr Stream Powsred Air Purifying Respirators (Breatheasy-5%) with high
efficiency fllters were used This respirater Incorporates a flexible hood
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which is flushed with sir from a hipgh efficlency filter system  Bath the
workers and the investigators wore disposable Tyvek® coveralls which were
replaced daily, or as needed

METHODOLOGY

Flve types of samples were collected in order to characterize the
effectiveness of centainment by the Custom Fabricated Negative Air Glove Bag
During removal operations, personal breathing zone (PRZ) samples were
collected on workers and area alr samples were taken within the work
enclosures Area samples were also taken outside the work enclosure to
determine the building background concentratlon in the bullding In addition,
cutdoor samples were taken to establish the background filber concentraclons
outgside the building To assess the overall efficacy of the asbestos removal
and preliminary cleanup operations, additional samples were taken bhefore and
after the completion of the removal work using the Asbestos Hazard Emergency
Response Act {AHERA}['2] agpresgive sampling technique

PERSONAL AIR SAMPLES

PRZ samples were collected while workers were actively engapged in bag
fabricatlon and installation and during asbestos removal operations and other
agsociated activiries including waste callection and dispesal

AREA ATR SAMPLES

Area samples were collected continuocusly both 1inside and outside the enclosed
work area at approximately the same time the personal sampling was performed

FRE- AND POST-REMOVAL AIR SAMPLING

Pre— and post-removal air samples were obtained by sampling in the apgressive
mode for about 6% hours te obtaln an approximate 3500-liter sample In
sccordance with the AHERA?! proceduve, dust and fibers were dislodged from
walls, ceiling, floor and other surfaces during a 3- to I10-minute initial
blowdown with a Leaf blower, two l8-inch fans, placed on the floor and pointed
upwards at about s 45-degree angle, were then operated during the entire
sappling period to keep the dust and fibers suspended At the same time, five
glde-by-side outdoor ambient samples were collected for about & or 12 hours

EVALUATION METHODS
PERSONAL SAMPLING

The PEZ samples were collected using SKC Model 224-PCHR7 pumps at 4 medsuved
flow rate between 2 5 and 2 5 lpm, each sample volume was approximately 300
laters of air. The sampling device comsisted of a 25-mm diameter three-plece
cassette, 1n an open-face mode with a 50-mm exrension cowl The cassette
contained a 0.8-um pore size, cellulose ester filter, Type AA, and a backup
pad, both manufactured by the Millipore Corpeoratiocn  Carbon Impregnated
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polypropylene cassettes and cowls were used to minimize possible localized
affects of statlic electricity

INSIDE AND OUTSIDE WORKPLACE AREA SAMPLING

Duplicate area samples were taken using two side-by-side 25-mm diameter
cellulose ester filters  The sampling devices were the same as theose
described for personal sampling

PRE- AND POST-REMOVAI AIR SaAMPLING

Five é%-hour samples were collected simultaneously using 25-mm diameter,
0.45-um pore size, mixed cellulosge ester filters followed by & 5 O-um pore
size, cellulose ester filter between the primary filter and the backup pad
All samples were collecred in three-pizce open-face cassettes which were hung
face down approximately 5 feet above the fleor  Samples at each station wsre
collected at a measured flow rate between 8 {t and 9 5 lpm, utilizing
individual limiting orifices The vacuum source for these samples was a
Gilian 110 wvolt, AC vacuum sanpling pump

OUTDDOR AMBIENT SAMPLES

The outdoor ambient samples were collected on the same type of 25-mm cellulese
ester filters as the pre- and post-removal samples for & to 16 hours to obtain
gpproximately 3500 to 7000 liter samples The ambient outdoor samples were
collected st a measured flow rate between 8 0 and 9 5 lpm

DISCUSSION OF AMALYTICAL METHODS

PCM has been used, historically, for the purpose of analyzing occupational
exposures to alrborne asbestos It was developed for determining occupational
exposurs In industrial environments where airborne fibers were Known to
consist essentially of asbestos  Epidemiologicszl studies have correlated
vhserved health effects to PCM fiber counts  However, PCOM deoes not
differentiate between asbestos and other fibrous matter such as eorganic
textile or cellulose fibers, nor does 1t detect very thin or swmall fibers

The Occupational Safety and Health Administration (OSHA) permissible exposure
limit (PEL) is based on a method that utilizes PCM to manually count the
number of fibers greater than 5 pm in lepgth and with an aspect ratie of at
least 3 1 (length width) collected on cellulose ester filter media [1°]

NI0SH Method 7400 describes sampling and analytical procedures for determining
fiber concentrations by FCM  This method was first issued February 15,

1984 141 The third and current revision was issued May 15, 1989 [®! However,
the second revision, made August 15, 1987, was in place at the time of this
study and results are based on that revision It included rwo sets of
counting rules “4" rules and "B" rules PCH samples from this study were
analyzed using the "A" rules, which define a fiber as having an aspect ratio
of 3 1 or greater

A note on the applicability of NIOSH Method 740009 states " The method
gives an 1ndex of airborne fibers Fiber [less than about] 0 25 um diameter
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will net be detected by this method * The method requires a microscoplist to
count the number of fibers collected on several very small areas of the filter
ugsed to capture these fibers Unfortunately, the deposition of the fibers on
the filter is not uniform For instance, Baron and DeyelS! note that " The
change in particle trajectorles caused by [electrostatic] charge effects can
result 1n non-uniform deposits on the collecting filter surface and net loss
of sample " Therefore, in spite of attempts to randomize counting areas,
the specific fields counted may not be representative of the entire filter,
and the interlaboratory coefficient of variation (CV = 0} 45) iIs quite large
The term "index" is properly applied to the result of microscoplc fiber
counts, sinece quantitation of analytical results contalns more uncertainty
with respect to an abzolute concentratlion than does the analysis of most
chemicals  This method does have the capabllity of producing results rapidly
{leas than 24 hoursa) and relatively inexpensively

Ags an alternative to PCM, transmission electron microscopy (TEM) 1s used for
ashbestes counting both because of the greatly enhanced resolution and
contrast, and of the analytical capability to differentiate between asbhestos
and nonasbeatos structures  The greater power of the TEM method becomes
important where airborne fibers with diameters less than 0 25 ym (the limit of
the resolving power of PCM) are present  For example, in relatively clean
buildings and in the surrounding ambient envirorment, there is a
proportionately lawer concentration of airbhorne fibers greater than 0 25 pm
because of the rapid settling of the heavier materfal Even though a
proporticnately higher concentration of airborne fibers less than O 25 gm in
diameter may be present in these circumstances, they will not be observed with
PCM  Thus, under these conditions, no conclusion can be made about thelr
presance or absence. Because of the poorer reselving power of the PCM method,
the EPA requires the TEM method to be used for quantitating asbestos fibers in
clearing buildings for re-occupancy [1%)

Widespread use of TEM has been limited by the relative high cost of analysis,
the availability of equipment and trained personmel, and by the absence of a
standardized method of analysis  NIOSH Method 7402,0°1 in place at the time
of this study, used the same cellulose esster filter medium as does the PCM
method  (Method 7402 was revised on May 15, 1989,!%% buc the use of a
cellulose ester filter is still required ) The EPA has developed a Yamate
reviged provisional method foy TEM analysis of asbegtes which allows the use
of either a mixed cellulose ester or a polycarbonate filver medium [*7] This
method was further modified for regulatory purposes when the Asbestos Hazard
Emergency Response Act!!?! was promulgated in 1986, and is considerably
different than the NIOSH method 7402 and the requirements of the 0S5HA
Standard

There are several other factors In addition to aspect ratio that can affect
the result of asbestos counting methods Perhaps the most i1mportant is that
PCM is used for counting tota)l fibers greater than 5 wm in length and © 25 um
in diameter On the other hand, TEM counts include only fibers verified by
crystalline asbastiform identification Furthermore, the miniwum fiber
diameter that can be routinely observed by PCM is aspproximately 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
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opportunity te identify and characterize all airborne fibers present in the
work envirorment — Tgial fiber counts by TEM are often far higher than coumts
of the same sample obtained by PCM  However, once fibers are speciated, TEM
counts of agbhestos fibers may actually be lower than the PCM count, especially
for relatively low concentrations of mixed fiber type containing a high
proportion of nenasbestos fibers In spite pf these limitations, PCM analysis
1g recognized as an approprlace index of occupational suposure for
approximatring disease potential

The EPA had established "clearance™ guidelines for determining when
YRCCCUWpAney may occur after asbestos removal  These guidelines were initially
published in 1984 and 1985 as "recommended practices "!'8.191 The revised EPA
guidelines issued in 1985/1?] yecommended that after asbestos removal was
completed a visual inspection of the work area be performed, feollowed by
nonaggressive (quiescent) alr sampling using PCM for fiber analysis  NIOSH
Method 7400 was recognized as an acceptable analytical procedure and a
3,000-1liter sample was recommended in order to provide a minimum
quantification limit of 0 01 £/ce (10,000 f/m’) If fiber concentrations 1in
the building after asbestos abatement activities exceeded this limit then the
work areas were requlred teo be recleaned until expeosures were brought under
control

Alternatively, these guidelines also recommended using aggressive (dynamic)
sampling and the use of TEM analysis to determine asbestog concentraticns In
this study, aggressive sampling was performed by First disledging dust and
fibers from surfaces by means of a 5- to 10-minute blowdown with a leaf
blower, two l8-Inch fans, placed on the floor and pointed upwards at about a
45-degree angle, were operated during the sampling peried to keep the dust and
fibers airborne while the samples were balng collected

In this study, pre- and post-—removal aggressive samples were collected in
accordance with the Asbestos Hazard Emerpgency Response Act (AHERA) and
analyzed using the Yamate revised (level II) method [12) TEM analyses of the
PCM samples collected during werk periods were also performed by the level 11
method (instead of NIOSH Methed 7402) for centinuity in comparison with pre-
and post-observations  Although AHERA 15 applicable only to school buildings,
1t provides a useful methed te assess contamination lavels It requires the
use of agpgresaive air sampling to determine if a response action {an asbestos
containment or removal e¢peration and clearance procedure for reoccupancy) has
been satisfactorily cempleted The regulation requires a three~step process
using TEM analysis for determining successful completion of a response action
After visual inspection, the final two steps Involve a sequential evaluation
of five samples taken inside the work szite, five samples taken cutside the
vork site, two field blanks, and one sealed blank  Filnal eclearance is granted
1f the average asbestos Ei1ber concentration determined from the samples
callected in the work site is below the prescribed limit of detection (LOD)
for the TEM methed  Additional evaluations are required if the LOD test
fails
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ANALYSIS

For this study, all PBZ and area samples were analyzed by PCM using rhe third
revision of NIOSH Method 7400,U! which was in effect at that time One oF
each of the duplicate samples was subseguently analyzed by TEM using the AHERA
method(!l!  Pre- and post-removal and ambient samples were also analyzed by
TEM using this method

FINDINGS AND OBSEBVATIONS
FIELD BLANKS AND LOWER LIMITS OF DETECTION (LOD)

Field and quality control blanks were processed and were all within noxmal
limits The data are included in Appendix A and B. No correctlions were
necessary for blank analysis

PHASE CONTRAST MLICROSCOPRY

The astimated LOD for Method 7400 is 7 fibers/mm? of filter area ¥ Thas is
equivalent to about 3,000 fibers per filter for 25-mm diameter filters, thus,
for a 300-1liter sample, the LOD 1g 10,000 f/m®* The results of samples
collected while the plpe lagging was being rewoved are shown in Table 1
Goncentrations indicated as "less than® are below the LOD for the volume of
the sample All of the perszonal samples and all but two of the area samples
were above the LOD  The PZB samples ranged from §,000 te 67,000 £/m?, area
samples ranged from 5,000 to 67,000 f/m?

TRANSMISSION ELECTRON MICROSCOPY

The authors are not aware of an approprlate estimate of the LOD for the
modified Yamate method for use in this study. The laboratory performing the
analysls of samples from this study indicated that fllter blanks were less
than ahout 12 structures per square willimeter (s/mm?) At this
concentration, about 4,B00 structures could be found on a 25-mm diameter
filter, thus for a 300-liter sample, an LOD of 16,000 structures per cubic
meter (s/m?) may be acsumed

About half of the samples collected during asbestos remcval were also analyzed
by TEM These results are alse shown in Table 1 and range from 7,300 teo
187,000 ashestos s/m’

Five samples were collected to determine the pre-removal concentrations of
asbestes structures in Areas G and D before the dividing wall was constructed
Five post-removal ceoncentratlon samples were collected from each area after
removal had been completed and the area was dried out (the l8-inch osecillating
floor fans were operated several hours ta assist the drying process) Outdeor
ambient samples were collected, well away from the asbestos removal

activities These results are shown in Table 2 These data iIndicate that
area D post-removal sgamples are signiflcantly lower than the pre-removal  The
15 cutdoor ambient concentrations were <1,400 s/m’ As shawn, the values for
area D (<1,300 - 2,600) were only slightly above this level
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Table 1

Fiber and Asbestos Structure Goncentrations
During Asbestos Removal Utilizing a Custom Built Glove
Bag Under Negative Pressure

Sample Concentration
Area Date Volune By PCM By TEM
(Liters) {£/m?) {s/m*y
|[_ Breathing Zone Samples
B gas22 5328 12,000 69,200
B 08/22 544 13,000
C* 08,23 706 29,000 115,000
G g8/s23 682 67,000
C 08,24 386 11,0006 187,000
c 08 /24 483 12,000
D 08/25 501 8,000 107,000
D 08,25 486 8,000
Area Samples
l B - Inside 08,22 495 <§,000 102,400
B - Inaide 08 /22 493 14,000
B - Qutside Gas22 523 10,000 35,000
B « Qutside 0Hgs22 525 17,000
¢ - Insidex 08/23 672 45,000 40,000
€ - Inside¥ 08/23 672 45,000
G - Outside% D8/23 688 3,000 7,000
G - Dutslde* 08/23 632 67,000
C - Inside 08/24 658 5,000 32,000
C - Inside 08/24 658 <5,000
€ - Outzide 08/24 652 14,000 <7,000
¢ - Outside 08/24 654 14,000
D - Inside 08/25 5325 6,000 533,000
D - Inside 08/23 523 6,000
D - Qutside 08,25 535 38,000 8,000
D - Qutside D8/25 335 38,000

* During glove bag construction - no asbestos removal
< = less than the LOD for the sample veolume
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Table 2.

Pre- and Post-Removal Asbesteos Concentratlons
{structures/cubic meter)

Pre-Removal | Awbient | Post-Removal Amblent
Area C
14,809 <700 1aG, 300 <1,100
5,500 <700 1,300 <1,6300
9,100 <700 1,300 <1,000
10,100 <800 5,700 <1,200
16,800 <700 14,600 1,100
11, 300 Average 6,600
Area D
14,800 <700 1,200 <1,400
5,500 <700 2,600 <1,400
a,100 <700 1,300 <1,300
10,104 <800 1,300 <1,300
16,800 <700 <1,200 <1,300
11,300 dverage <1,500

< = Lesge than the LOD for the sample volume

DISCUSSIGN

Because of the limited resources sampling was restricted to twe workers on
each of three shifts  Statistical analysia of so few data points has wvery
littls power, therefore, only a qualitative analysis 15 presented for the PCH
data

The results of POM analysis (Table 1) indicate that the Custem Negative Alr
Glove Bag, as used in this study, provided worker protection well below the
0SHA PEL, i e , less than 100,000 £/m* The maximum PBZ measured was 67,000
f/m?* which occurred during the constructlon of the contalmment and glove bag
for area C on August 23 Levels measured during removal the next day wete
lower (12,000 £/m?) TEM analyses were not consistent with the PCM results,
in that higher TEM counts were seen on August 24th and 25th {187,000 and
107,000 s/mw®) when PCM levels were low (12,000 and 8,000 f£/m?) The results
of PCM and TEM analysis would not necessarily be expected to be conslstent
because of the differences in these analytical methods that have been
previously noted

The results af the pre- and post-remaval sampling indicate that asbestos
levels in areas C and D were lower after removal than before they were
removed The pre-removel concentration in both areas averaged 11,300 s/m°,
the average post-removal concentration in ¢ was 6,600 s/m® and less than the
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LoD of 1500 as/m? in Area ¢ A t-test of the ln(econcentration) shows that the
Pre- vs post-removal difference in Area I is signiflcant at the 95%
confidence level but that the pre- vs post-removal difference in Area C is
not significant

The dimensions {length and width) of all asbestos structures counted in the
TEM analysis are recerded As a result, it is pessible to make a
distriburional analysis of the strucrtures observed TFigures 2 through & are
plets of the cumulative concentration of asbestos structures by length

Figure 2 shows the relationship of the pre- and post-removal sasples collected
in Areas G and D It is {nteresting to note that in Area D the post removal
Plot indicares very few structures present, and practically none less than

3 pm 1n length Figure } shows PRZ, inside, and outside ashestos
concentrations measuted durlng removal operations in Area B Figure 4 shows
asbestos concentrations during the preparaticn snd censtruction of the glove
bag in Area € Faigures 5 and 6 show concentratlions during removal operations
in Areas G and D, respectively.

Fipures 7 through 10 are plots of the length-to-width relationship of the
ashestos structures Figure 7 presents structures found in the pre-removal
samples 1n Ares C/D, Figures 8 and 9 present structures found 1in the
post-removal samples an Areas C and D, respectively, and Figure 10 presents
the structures found 1n all of the PRZ samples In the upper right hand
cornexr of these plots is & "PCH window™ which includes those structures having
a length of at least 5 pm (horizontal line), a diameter of at least 0 25 gm
(vertical line}, and aspect ratios of 5 1 (left sloping line) and 2 1 (right
sloping line) These plots graphically illustrate that very few structures
were 1n the visible PCM range in any of the sample collected

CONCLUSTICNS AND RECOMMENDATTONS

Under the conditions of this study, warker exposures which accurred when the
Custom Fabricated Hegative ALy Glove Bag was used for asbestos—containing pipe
lagging were well below the OSHA PEL and the NIOSH REL criteria  These
comparisons were based on data analyzed by PCM  The data from samples
analyzed by TEM indicated that there may have been a increase in total fibers
as a result of rthe ashestos removal procedure  The authers are not aware of
information that allows for a meaningful interpretation of this TEM
information, however It is prudent practice to provide the most reliable
protection possible for carcincegens such as asbestes  The authers bellave
that the concept of a negative pressure glove bag is clearly better than that
of standard glove bag, and that the use of negative pressure glove bags should
be strengly encouraged when glove bag removal 1s done

This controel method would be especially appropriate for removal of
pipe-lagging where the use of ordinary glove bags would prove difficuit  Some
typlcal situations are where there are multiple parallel pipe runs, where much
branching exiats, and/or where there are many fittings/fixtures It can he
ucsed oo both horizontal and wvertical pipe runs and other structures of
irregular shape, such as tanks and reservolrs
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It would be prudent to use respiratory protection and disposable coveralls
when using a Custom Fabricated Negative Air Glove Bag for ashestos removal
operations This would provide protection agalnst accldental releases of
ashestos which may cccur because of the loss of vacuum, seal failure, or the
rupture of a bag Back-up contalnment or isolation of the working area may
also be necessary to avoid contamination of the surroundings if an accident
cshould occur or where pre—exlsting contamination, I e , damaged pipe lagging
or the presence of friahle asbestos-containing materials, is llkely to be
disturbed Where possible, sampling In an aggressive mode to estimate the
amount of contaminatlion present before removal operations are begun 1is
recommended, this can help egtablish the need for additional precautlons

Although neither the source nor the health effects of the small asbestos
structures obsetrved 1n this study by TEM are well established, further study
of this contrel under varied work conditions to vslidate its performance and
batter define optimum work practices is warranted Furthermore, data from
this study are Insufficient to define conditions where negative pressure glove
bags can be used without back-up contaimment of the work area, additional work
might establish these parameters Ewen if it can be determlned that such
containment is unnecessary, the authors recommend that respliratory protection
he provided for workers whenever glove bags are used
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APPENDIX A UNIVERSITY OF MASSACHUSETTS DATA - PERSONAL AND AREA SAMPLES

Sample

Number

AA25772
AA2RZT3
AA25253
AAZE2T2
AAZ5TOA
AAZERDA
AADSTTE
AAZS2BE
AADS299

AAZETIS
AAZSTGZ
AAPEDRS
AAZS2TE
ARG5S
AAZS2H1
AAZSTH2
AA2579%
AAZ5292

AAZETTY
AAAS5298
AA25283
AA25263
ARZETI3
ARZE2?D
AAZSZST
AAZ5487
AAZ5754

AAZETSHD
AAZE7S5
AAZETES
AMNZSTEA
AAZHTH0
AAZRTIR
AAZSTEE
AAZSTES
AAZE2TO

Lagathon

B - Insida
B - Insida
B - Qutswla
B - Cuiside
B-PBZ

B -PRZ
Blank
dlark
Blank

C1 - Inside
C1 - Inside
G1 - Quiside
€1 - Cutsiga
e - PRZ

1 -FBZ
Blank

Blank

Blank

C2 - Inside
G2 - Insude
C2 - Quisxin
22 - Qutside
2 -PBRZ
C2 -PBZ
Blank

Blank

Blank

D - Inside
D - lnsida
D - Qutside
D - Culside
D -PR2

D - PBZ
Blank
Blank
Blank

Date

oB/22
og/z22
0822
oBr22
o222
0a/22
oaszz2
o222
nasez

0323
0323
03/23
0823
)23
CBiza
G823
08123
0823

0gs24
oarad
8724
Q8124
QBf24
0b/24
0B/24
ce/24
06/24

O&/25
08/25
0825
oes2s
Da/2s
DB/EE
oa/Es
O&YEs
D&/25

Tinta Volume  Gontsntration {TEM) Concentration (PCM)

{min} {Litars)
165 493
165 485
175 523
175 525
182 528
182 544
224 &72
224 672
230 59
230 oeg
235 BR2
236 708
220 658
220 658
el 652
218 6o4
165 493
129 346
175 523
175 525
179 535
178 535
162 485
181 5

{s/mm3)

140 252
47 955

84 677
<11 956
<12 345
<11 986

70126
13 082
210 526
<11 996

<11 638

53914
<11 638

187 603
<11 996
<11 506

71977
11 3566
135 802

<11 GA8
<11 366

(s/ce)

0109
0035

G 069

o 040
<0 007

0115

Qnaz
<0 Q07

D187

J053
a4Q08

0 008

{ffmm32)
7000
<3000
000
00
&o00
7000
<3000
<3000
<3000

20400
30000
20000
20000
45000
20000
<3000
<3000
<3000

<3000
3000
Q000
g000c
BOCG
4006
<3000
<3000
<3000

3000
3000
20000
20000
4000
4000
<3000
<3000
<3000

(irecy
0014
<0 Q06
o010
o017
oMz
oma3

0045
0045
Q 028
£ 030
0067
0029

<0 005
0005
0314
0a14
ooi2
201

0008
0008
0438
0 038
0 008
0 nz2



APPENDIX B UNIVERSITY OF MASSACHUSETTS - AMBIENT AND PRE- AND POST-REMCOVAL SAMP

Sampla Tive  Voluma Concantration
Number Location Date {miny  (Liters) (sfmm3} {sfee)
AH102 Ambient Q821 661 6270 <10 988 =<0 0007
AH103 Ambignt QB2 6681 £800 <10 983 =0 Q007
AH104 Ambient OB/21 661 B270 <1] 587 <0 0007
AH1OS Ambiarit 0af 661 BTA2 <1 283 <0 Q00D
AH108 Armbaant (HTRY 661 6270 <11 283 =0 0007
AH112 Blank Q8 <10 988

AHT13 Blank aBf2 <11 587

AH114 CiD - Pra-remaval 08/21 as56 anao 136 517 00169
AH114R" C/D - Pra-ramoval 0a/24 356 3080 101 637 Q27
AH115 G0 - Pra~-ramaval 08/ 355 321 48 350 00055
AH117 G - Prg-remaval 0ara 3a5h 3133 79 051 0 Qoa7
AH119 C/D - Pra-ramaoval 0asz21 as5 2956 G2 525 Q0091
AH120 CfD - Pra-removal 0g/21 J55 a345 a7 a2 ao1G
AH120D* Cilt - Pre-removal o821 356 a345 142 B 00164
AH120D2 G0 ~ Pra-ramoval oarz ass 3345 208 768 0 0240
AH12 Ambient 08/24 400 3896 11 588 o 00N
AH122 Ambient 0ar24 400 3556 <11 818 <0 0013
AH1Z23 Ambient 0aré4 400 4274 <11 587 <R 0010
AH122R Amblent 0B8/24 400 4276 <i1 587 <0 0010
AH124 Amblent 0824 AGD 36 <10 988 <0 o2
AH¥25 Ambient oos24 A0 3338 10 5983 2001
AH126 < - Post-Romoval 08124 335 3030 £1 112 00103
AH1Z7 C - Post-Remaval oaszs 335 3214 10 716 20013
AH128 C - Post-Remaoval Darz4 335 3248 10 716 00013
AHIZD C - Post-Removal 0B/24 335 3114 45 350 00057
AH129D C - Post-Remaval 08/24 335 3114 45 350 0 G057
AH130 C - Posi-Ramaval uar24 3as 3181 128N 00137
AH130D C - Post-Remaval pafa4 335 3181 127 462 00154
AH13 Biank oaf24 <11 587

AH133 Blank 0Bi24 <10 588

AH135 Ambient Q&/25 276 3147 <11 587 <0 0014
AH136 Amblent 08125 276 3013 <10 716 < 0014
AH139 Ambient 08/25 276 3380 <19 988 <Q Q013
AH140 Ambignt 08/25 276 3280 <11 293 <0 0013
AH144 Ampient Dbr2s 276 3415 <11 587 <0 0013
AH132 0 - Post Removal 0Br2s 212 3675 11 293 ooz
AH143 D - Post Rarnovat 0825 212 3300 2 976 G 0025
AH144 D - Post Removal QBr25 212 3300 10716 00013
AH1a5 D - Post Beamaoval Qares 212 3570 115488 cao1a
AH143 D - Fost Remaval 04/2n 212 357Q <11 293 <0 0012
AH1485 Blank 04s2s =10 988

* A = Rscount by the sama microscopIst D = Recount by a differant microscopist





