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1 TIHTRODUCTION

The primary Federal agency engaged in occupational safety and health research
15 the National Institute for Occupational Szfebky znd Health {KIOSH) It was
establiched a1n the Dopactment of Health and Human Services by the Occupational
Safety and Health Aect of 1970 This legislation mandated NIOSH teo conduet a
number of reseatrch and education programs saparate from the stsandard setting
and enforcement functions conducted by the Occupational Safety and Health
Administration (OSHA) in the Department of Lsbor An important area of NIOSH
research deals with methods for controlling occupational oxposure to potential
chemical and physical hazards The Engineering Gontrol Technoelogy Branch
{ECTB) of the Divieion of Physical Sciences and Engineering has been given the
lead within NIOSH to study the engineering aspects of hezlth hazard prevention
and conttrol In a number of cases, 1neluding the present research on asbestos
removel, NIOSH control technology studies have been performed in collaboration
with the Environmental Protection Agency (EPA)

Since 1976, BCTB has conducted assessments of health hazard control technolegy
on the basis of industry, common industrial process, or specific control
techniques  Examples of these completsd studies inelude the foundry industry,
various chemical manufacturing or processing operations; spray painting, and
the recirculation of exhaust air  The pbjective of each of these studies hasg
been to document and evaluste effective control technigques fot patential
health hazards in the industry or process of interest, and to create g more
general awarenass of the need for or avallability of an effective system of
hazard gontrol measures

These studies invelve a number of gsteps or phases. wWhen a pereeived need for
research is identified, a literature and/or pilat study 1s undertaken to
assess the need for bench research and/or validation of existing techniques
If a1t is determined that field studies are needed, a series of walk-through
surveys is tonducted to select facilities, plants, or processes with effective
and potentially transferable control concepts or techniques Mext, 1in-depth
surveys are conducted to determine both the control parameters and the
effectiveness of these contrels. The reports from these in-depth surveys are
then used as a basis for preparing technical reports and journal articles on
affective hazard control measures Ultimately, the information from these
research acktivities incereases the data base of publicly available information
on hazard control technhlques for use by health profegsionala wha are
responsible for preventing occupational 1llness and injury

The overall pbjective of the prosent study was to evaluate the efficacy of
controls used by the asbestos agbatement industry to censtrain asbestos
contamination at its sourece  The purpose of this specifiec survey was to
determine the effectiveness of the plove bag control method to prevent
pccupational expesure to asbestos dust during the removal of asbestos pipe
lagging from a public schoel building

The EPA has interest in contrel methods that prevent emissionsg created by
asbestos removal ¢perations in order to protect the health of the general
population and environment In cooperation with this Agency, twe facets were
added to the scope of work to determine if ambient atmospherie asbestes



concentrations were affected by the tremaval activities, and to assist in the
develeopment of an improved analytical method for the measurement of airborne
concantrations of asbestos To accomplish this, the EPA (Manufacturing and
Service Industries Branch of the Industrial Wastes and Toxies Technolegy
Division in the Office of Research znd Development) provided financial and
technical support for this project by means of an Interagency Agreement with
NIOSH {(ECTR)

BACKGROUND
Techtical

A pilot stuwdy of ashestos abatement operations conducted by ECTE in 1984
revealed that many novel approaches have been and are being developed to
control asbestos duzt exposure t0 workers removing asbestas-containing
materials, Two princaiples in general use are webting and negative pressure
Wetting involves the use of fluidg¢ to soak or saturate asbestoes-containing
materials before and during the rempval of these materials to reduce the
patential for the asbestos fibers Lo become alrborne  Negative pressure
involves the use of fans or vacuum devices Lo exhaust contaminated air from
enclosed or controlled areas and to draw clean air into these areas 1n order
to contain and reduce airborne asbestos; exhausted air 1s filtered through
high efficiency particulate air (HEPA) filters before being released to the
atmosphersa

Evaluation of contrels applied at the source of contaminant emission, such as
1selation or Local ventilation, is of particular interest since these are
generally most effective in centrolling beth occuypational exposure and
environmental releases. ©Ope important suhset of asbestos abatement activities
requitad the removal of pipe lagging, 1 € , asbestos-containing materials used
to insulate plpes carrying heated or refrigerated liquids or vapgrs GClove
bags were developed specifically as source controls for this use  These ars
large plastic bags which can be sealed around the materials Lo be remaved
Workers manipulate tools inside the bag to remove the lagging by means of long
gloves sealed into the body of the bag  The debris then falls to the hottom
of the bag and is contained by it for final disposal in a ganitary landfill
Glove bags are widely used both in building abatement and in operation and
maintenance of hoilers, i1ndustrial plants, ete They are often used in such
situations without sacondary containment (such as plastic barriers and
negative air) and thus their performance may be extremely important to
assuring the salety of workers in many workplaces For this reason, they were
selacted for evaluation in this present study

Environmental Regulation

The EPA has been invelved in activities to reduce asbestos emissions and
contamination of the environment for many years A major concern of this
Agancy 1.5 ths degradation or dasturbance of i1n-place asbestog—containing
materials in buildings which may result in airborne asbhastos concentrations
several orders of magnitude higher than ambient leveles outside the building
Although no new asbestosz fireproofing i1¢ wused in buildings today, the eventual
removal of existing in-place asbestos 18 &8 mejor technical and economic



dilemma A part of the Texic Substances and Control Act known as the
Asbastos-1h-S3chools rule requires all primary and secondary schools, both
private and publie, to jnspect the buildings for asbestos-containing materials,
document the findings, and inform the aempioyees and the PTA or pareunts.

In the past, rather than promulgete specific regulations for asbestos
abatement activities, the EPA preferred to provide “Guidance Documents"™ which
represented the "best engineering judgment” approach at the time Based on
these guidelines, ashbeastos-conktaining materials can be (1) left in place and
an operation and wmaintenance program established, (2) encapsulated with a
penetrating or bridgaing chemical; (3) enclused to prevent aecess to public or
to airflow; or {4) removed Any abatement technique other that remowval should
be viewed as a temporary measure since recent regulations require the removal
of asbestos-containing materials prior to demoliticn of tha building

Because the long-term efficacy of current controel methods for ashestos removal
i1s not well kmown, the EPA funded an additien to the present study to document
the effectiveness of glove bags in reducing risk to the environment The
specifie issue is whether there 1s less Eree asbestos in the roem after
removal than before This reguired the measurement of the asbestos fiber
concentrations 1n work areas hefare asbestos removal wae started and after the
activities were completed These measurements are described subsequently
under the subheading, "Methodology "

Analytieal

Another adjunct to this study waas to use several analytical methods to
determine sarborne ashestos fiber concentrations Phase Conktrast Microscopy
(PCHM) methods have historleally been uged for this purpase and are the basis
for the Gecupational Bafety and Health Administration (OSHA) permissible
exposure level (PEL) This mebthod utilaizes an optical microscope to manually
caunt the nunber of fibers greater than 5 micrometers {(um? in length and
with an aspect ratio of at least 3 1 {length to width) supported on cellulose
ester filter media  Under NWIOSH method 7400, a ratio of erther 3 1 (A rules)
or 5 1 (B rules) may be used [1] The B rules were used 1in the rresent gstudy

The nymber of fibers which can he obgerved 1s limited by the reselving power
of the microscope Very thin fibers (less than 0 2 um wide) cannot be
observed by PCH  Iransmissaion Electron Micrascopy (TEM) 15 sometimes used for
asbestos counting because of the greatly enhanced power of tesolution;
however, widespread ugse is hampered by the relative high cost, limited
availability of equipment and trained technicians, and the lack of an
adequately standardized method of analysis  The EFA has developed a
provisional method for TEM analysis of asbestosI?] which requires a sample
collection medium (polycarbonate) different from that used for PCM  NIQSH has
elso developed a TEM method, Number 7402, [3] using cellulose ester filters

Cincinnati Board of Eduction

In the summer of 1983, the Cineatmati Publie School Board conttacted with
Gandee and Associates to survey asbestos conditicns in 84 facilitiaes
Asbestos-containing pipe and/or hoiller lageing was found in 76 of these



facilities, seven had asgbestos--containing acoustical plaster, two had
asbestos-containing fireproofing; and one had asbestos-containing aecustical
calling tale In sddition, there were numercus occurrences of migcellaneous
archltectural {(pressed ashestos board, acbestos-cement sheeting, ete.) and
nonarchitectural (asbestos gloves, leggings, pot holders, gaskets, ete )
materials in the facilities The Gandee reportld] recommendations for
controlling these asbestos hazards included the removal of acoustical plaster
and fireproofing where there wag significant deterioration, and the repainting
and repairing of acoustical plaster in scme areag Alsa recommended was the
repair of damaged and/or exposed asbestos pipe and boiler insulation 1t alse
highly recommended the establishment of an asbestos hazard management program
which would provide for employee training and the monitoring and management of
all asbestos materials that remain i1n these facilities

At Bloom Middle School, Gandee reported damaged and exposed asbestos in many
of the occupied areas, in the ventilation system, in the boiler coom, and in
the maintenance and storage areas Pipe lagging debris was found scattered
throughout the twe HVAC tunnels {(the air handling systetn reportedly had not
been in operation for 5 to 10 years) 2 gample of asbeatos floor pad in one
room was reported to contain 43% chrysotile An extensive cleanup and repair
program was completed, ineluding the replacement of easily accessible lagping
abt lower elevataions with metsl clad fiberglass insulabtion

In 1985, the Sehool Board contracted the I & F Gorporation to remove
deteriorated pape lagging and other asbestos materials The management and
workers of this firm cooperated with the NIOSH survey team during the
rencvation of four facilities  This repoct deals with observatiops and data
taken at one of thoge four facilities* Bloom Middle School

11 S3ITE AND PROCESS DESCRIPTION
SITE DESCRIPTTON

During a walk-through visit on June 4, 1985, the NIOSH survey team noted that,
in sprte of the metal cladding, the new fiberglass lagging had been severely
damaged in numercus locations The remaining asbestos lagging was generally
in good repair, however, there were instances of torn or separated lagging
above false ¢eilings and at pipe interfaces with walls and structural
memipers Hone of this damage was observed in the rooms ewvaluated Bulk
samples taken at the time of the removal activity were analyzed az follows.
In reom 3, lagging on the large pipe contzined less than 1% chrysotile and
that on the =mall diameter pipe contained 20-25% chrysotile; the lagpging in
the lunchroom contained 30-35% chrysotilg No actinpliteftremolite, zmosite,
anthophyllite, or erocidolite asbestes forms were detected in these samples

The removal contract for the Bloom Middle School required approximately 1,800
linear feet of asbestos pipe lagging t¢ be removed from 15 major rooms and
areas During this survey, removal operations wete obgerved in four rooms
lacated on the basement level- the Music Room {(Room 5), the Special Education
{Room 3), the Lunchroom, and the Kitchen Rooms 3 and 5 had woeod flooring and
plastered walls which had detsriorated in spots Window curtaing were hanging
in the lunchroom Ceiling tile was present in Room 5 and 1n the lunchroom
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Pre- and post-removal studies were conducted in Rooms 3 and & Although not
required by the specifications of werk for this glove bag removael contract,
these "controlled areas" were isplatad to minimize the interaction with areas
and activities outside the study area, at the request of the survey team  All
air ducts, holes, and windows in these raoms were sealed with polyethylene
sheeting (poly) and duct tape, doorsz were hung with a two sheet poly baffle

Room 5 {Figure A} measured approximately 35'x 33'x 12 5', enclosing 14,438
cuble feet  EInsulation from approximately 40' of 5-inch and 25' of 2-1inch
pipe was removed, including S T-joints, 13 elbows, 6 pipe hangers, and 5
pipefstructure intersections

Room 3 (Figute B) measured approximately 35°'x 23'x 13 5', enclosing 10,868
cubte feet  Insulation from approximately 45' of 3-inch and S3' of 2-inch
pipe wag removed, ineluding 5 T-joints, 15 wlbows, 7 paipe hangers, and 7
pipe/structure intersections

The Lunchroom {Figure C} mesasured approdimately 116'x 35'%x 12 5', enclosing
50,750 cubic feet Insulation from approximately 91' of 4-inch, 9' of 3-inch,
and 25' of 2-inch pipe was remowed, including 5 T-joints, 10 elbows, 7 pipe
hangers, and 4 paipe/sttucture intersections

The Krtchen (Figure C) measured approximately 35'x 31'x 12 5, enclosing
13,562 cubie feet, Ingulation from approvamately 13' of 4-ineh and 8 of
2-inch pipe was removed, ineluding 2 T-joints, 4 elbowg, 1 pipe hanger, ahd
1 pipesstructure intersection,

PRQCESS DESCRIPTION

There are a variety of approaches to the agsbesgtos removal process. For the
purpose of completeness and comparison, a generic deseription of the process
18 included below, followed hy a summary of the specific methods uszed in this
study

Asbestos removal 12 a complex task which requires speclal knowledge and
exceptional coantrels. There is a need for careful planning by an expert
consultant to assure that the building owner, occupants, and removal workers
are protected by a definitive and complete specification of work and that a
caompetent asbestos removal contractor 1s selacted On-site monitoring and
contrel by the owner representative i1s very critical These prerequisites
should be provided for prior to the start of the removal operations
Typically, the rempval work involves threes phases  preparation, removal, and
decontaminaktion A generic description of the activities is summarized below
to provide a general overview aof industry practices; however, each job wall
vary with the specific cirecumstances

Generic Overview

Praparation The site is clsaned, cleared of all movable materials, and
isolated by sealing off all access with plastic sheeting taped to windows,
air vents, doors, etc Surfaces not involved in the removal are covered
and sealed with plastic sheeting (usually polyethylene, commonly called



FIGURE A

Schematic Piping Layout of Room 5

HAH
- — -
—
— (F=4) |I| IFJS)
f—- —
F-1) | {14 {F-3) ] TEE
“"
TEE «-- 1 ELaNuS ‘ TELOME  (F-D)
2 LB l = |||CEILING 2 tum CETLING  TEE
1 of 2 — u
ponasbes tos . FIYLET ., I.lE ﬂ':
Furet 7 j‘ F 40! 1 af 4 FLRE I'inrl-g.lrs-r.i
- ] 4 - ] . ] I
*
<F-18} {F-11} (F-2) {F-1) r-s>—/-o —=-=‘: 2
E— _—— ]
1 af 4 Pupe Hangers HET L . G
(F-B) LANGE

v

OSRESTRS PIPING .
¢F-8}

9 5 $AKRLE!

{33235 212,51 reon) TREE CTSTIE SAPLER

aLOSN T2, MIER _I

IONE, 1985

3

SUHMEET OF FIPING

' of 5% Pipg E Taws

25" of 2" Pipe B Pipe Hampars & Puipes
i3 Erbows

1 Vatve 1 Flung

l —————SUPPORT CALLMNS

& PopasStructure Interfaces

-




FIGURE B

Schematic Piping Layout of Room 3
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FIGURE C

Schematic Piping Layout of Kitchen/Lunchroom
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"poly") and the lighting fixtures are removed Two entrance and egress
contamination contronl facilities are sstablished: one with showers and
change rooms for personnel and the other for waste material handling

Removal: The asbestos.-containing materials are wetted (saturated, if
possible) as they are removed from the structures rthey cover, then the wet
debris 15 colliected and removed from the area Work 15 accomplished 1n
small i1nerements to avoid accumulation of waste In order to contain the
fibers ahd to prevent contaminating the outside air, the containment
enclosure 1s maintained under negative pressure and 1s exhausted cutside
the building throupgh high efficiency exhaust Filters Air should be
exhausted in suffilcient quantity and with consideration of the flow
patterns within the enclecsure to optimize the benefits of dilution air in
reducing fiber conrcentration within the enclosure. The EPA recommends
four air changes per hour: however, some contractors use twice thas

amounk When large air volumes cannot be exhausted, a portion of the air
cleaning may be performed by recivculating it through filters inside the
work area Sometimes local pickup at the point of release 1s used Work
stiould begin at the point furthest from the exhaust and proceed toward the
exhaust The workers inzide the containment must wear appropriaste,
approved respiratory protection, and protective clothing

Cecontamination. All of the asbestos [ibers remaining after the removal
operations are completed must be removed from surfaces and from the air
This usualiy requires multiple cleaning and settling periods combined with
continucus gir filtration All conteminated waste must be disposed of in
accordance with EPA and local goverament regulationg

Practices

As demonstrated by this study, many of the above practices should slse apply
to glove bag removal, although there are no definate guidelines for glove bag

use The technigques observed in the present study are summarized below

Preparation: The contract for ashestos temoval in Bloom Middle School
required the use of glove bags as the primary comtrol in lieu of total
room containment and ventilatien It also required the ingtallation of
poly barriers in stairways and hallways to separate the work area from the
rest of the building Decontamination showers were not requived The
flocrs under the pipe being cleaned were usually covered with poly ta
facilitate eleanup The removal eontractor enclesed all of the piping in
an envelope fabraicated from poly sheeting and duct tape before starting
the retwval A length of poly sheeting was brought up ftom under the
pipe, folded over the pipe lagging, the edges were rolled together and
stapled to the top of the lagging forming a ¢ylinder or envelope enclosing
the lagging Duct tape was used to seal the lomgitudinal seam The
envelope was made much larger than the diameter of the lagging ko
facilitate working inside it the first day, but on subsequent days 1t was
constructed to be merely a looge fit argund the lagging The surface of
the lagping was misted with amended water (water containing wetting
agents, penetrants, andfor other agents to enhance the wetting-down
process) to control surface dust before enclosing it in the poly



Remowal During the first day the glove baps were hung at widely
separated, predetermined intervals as part of an extended envelope  The
lagging was removed in the envelope, then transferred to the bags through
the poly envelope Workers reached through openings they cut in the top
of the envelope rather than using the gloves in the bags to asccomplish the
removal and transfer of the lagging to the bags The glove bag was used
as a receptacle rather than as a glove hag The tools for eutting metal
bands and lagging were inserted, operated, and transferred between bags
through breaches in the enclosure. The lagping was wetted as 1t was
removed from the pipe Water sprayers (hand-pumped garden sprayers havaing
a 2- to 3-gallon capacity) fitted with 30" hoses; were elevatad to the
working level, and were often hung from the pipes Thia technique
required workers on ladders and platforms to climb down periodically ko
f11l the sprayer with amended water and pump up the pressure The pipe
was washed with water and rags after the lagging was removed

It appeared that gleve bag removal was a new téechnique for this crew and
that they had little previcus experience with 1t Tharefore, on the
second day wotkers wete tnsteucted by the NIOSH sucvey team on itiproved
procedures Lo enclose and remove the lagging within the glove bags and to
transfer contaminated tools to the next glove bag, 1 2 , the toels for
cutting metal bands and lagging were placed inside the gleve bag and the
bag was hung from the pipe Bags were taped to form a seal along the
length of pipe and then the bag ends (sleeves) were taped to the
poly-jacketad pipe The lagging was wetted as it was removed from the
pipe Conteminated tools were transferred to new bags from the previcusly
used bag, inside an lnverted glove which was tied closed and cut off
Workers were cauticned of the need for increased wetting It was
suggested that by using longer hoses, the pressure vessels could remain on
the floor and be serviced by a worker on the flcor level, thereby
eliminating the need for frequent climbing from ladders and scaffolds to
accomplish this task

Decontamination® The spilled material was removed from the floor with a
portable HERA vacuum c¢leaner After the work was finished in an area, the
poly was removed from the floor and the floor was wet mopped  Bags of
waste were remcved from the enclosure prior to post-removal zir sampling
The poly seals cn windows, vents, and doors were kKept in place to minimize
the interaction with the surrounding areas and activities

POTENTIAL HAZARD AND EEPOSURE CRITERIA

Occupational Exposure Criteria

The two soureces of cccpuational exposure criteria censidered in this study
are {1) the NIOSH Recommended Exposure Limit (REL), and (2) the Department
of Labor 0SHA Permicsible Exposure Limit (PEL)}

NIOSH recommends that employee exposure to asbestos be reduced to the lowest
feasible limit, due to the cavcinogenic nature of this substance  The HIDSH

REL published in 1976 is 0 1 fibets greater than 5 wm in length per cubic
centimeter (f/ce) [5] NTOSH also recommends that an “action level™ of
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0.01 f/cc be used when routine {(nonaggressive) air quality sampling is
conducted inside buildings for screening purpogses  Action to be taken could
be an increase in control surverllance, asbestos confirmation by TEM, and
actions to reduce agbestas levels, 1F warrented.

In 1985, the OSHA PEL was 2 0 fibers per cuble centimster (f/cc), greater than
5 ym in length, averapged over an 8-hour work day, with a ceiling concentration
of 10.0 f/ce, not to be exceeded over a 15-minute period There was also a
pravision for medical monitoring of woarkers routinely exposed bto levels in
excess of 0 1 f/ee

NIOSH gubmitted an update on the recommended agbestes criteria at the OSHA
proposed rule-making hearings for asbestos in June 1984 [B] The WIOSH
position 15 summarized below

The carcinogenic potential of asbestos is no longer in douht, however,
there 185 some uncetrtainty about the toxicclogical and merpholegical
properties which determine the carcindogenic potency of various [ihers
NIOSH believes that on the basis of available infermation, there 13 no
scirentific basis for dafferentiating between ashestos fiber types for
regulatory purposes Data availahle to date provide no evidence far the
existence of a threshold lewvel Vartuwally &ll levels of asbestos exposure
studied to date demonstrated an excess of asbestos-related disease

NIOSH continues to believe that both asbestos and smoking ace
independently capahble of increaszing the risk of lung cancer mortality
When exposure to both occurs, the combined effect, with regpect to lung
cancer, appears to be multiplicative rather than additive  From the
evidence presented, we may conclude that asbestos 15 a carcincgen capable
of causing lung cancer and mescthelioma, independent of smoking

NIOSH has recommended that asbestos be controlled to the lowest detectable
limat It is our contention that there is no safe concentration of
eXposure Lo asbestos Any standard, no matter how low the concentration,
will not ensure absolute protection for all workerz from developing cancer
as a result of their occupational exposure  However, lower exposures
carry lower risks

Since the only widely avallable method, NIOSH Method 7400,[1] 15 able to
achieve (intralaboratory) accuracy of 12 8% BSD at an exposure limit of
01 £/ce (100,000 £/m3) in e 400 liter sample, HICSH and others have
recommended an exposute limit (REL) of ¢ 1 £/cec for asbestos baszed on
8-hour time-weighted average concentrations 13] while this 1s a well
understood practice, we can not find compelling arguments to prevent a
recommendation based on alternative sampling periods In fact, such an
approach may provide more protection than an B-hour based sampling period
that allows shotrt-term exposures & or 10 times greater than the B-hour
exposure limits being considered by 0SH4  Furthermore, since there is
uncetrtainty regarding the cumulative deose reguired Lo inmitiate diseage, it
seems reaschable to make every aktempt to conteol exposures to as narcow a
range of concentrations as possible One way to asccomplish this is to
restrict the period over which workplace concentrations can be averaged
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Persensl aampling pumps are available, with €low rates up €o 3 5 lom,
which would allow 3 sampling time of two hours or less

Finally, we still believe that there are occasions, such as mixed fibar
exXposures, whers fiber specificity is necessary  Therefare, we recommend
the ugse of electron microscopy in the event of process or product
modifyication, in mixed fiber exposures, or when there are other reasons
for characterization of fiber type and morphology

psbestos temoval work fits both of the above mentioned conditions where
electron microscopy 15 needed to characterize the fiber exposure envircnment
The fibers are commonly an unktiown mixture of asbestos and warious other
materlals Thae wmaterial being removed end condition= of removal way vary from
hour to hour and room to room, not to mention from sSite to site The
variability 13 not only a factor of the removal process, but also of the
original asbestos treatment and the history of maintenance and deterioration
from use

Ag noted, the ¢occupational exposure criteria - the NIQSH REL and the OSHA

PEL - are bazed on the readily available Phase Contrast Microscopy analytical
method This method has inheremt limitations based on the physiecs of the
optical microscope and upon the ability of the counters to relisbly
diseriminate the specified length teo width ratio 1t & complex sample matrix
The minimum diameter routinely observed is on the order of 0 5 pm The

NIOSH 7400 method stapulates that only fibers longer than 5 um be counted

with a length to width ratio of either 3 1 (™A" rules) or 5 1 ("B" rulesg)

The “A"™ rules use the same aspect ratio as the current OSHA standerd, snd thus
have the advantage of relating to current and historzcal compliance data.

They have the potential disadvantage of counting particles that may or may not
be fibers In the present study, TEM offers the advantape of being able to
determime the actual dimensions of all fibers that were counted, and thus, to
differentiate the numbers of [ibers waith variocus length to width ratios A
coarse analysis of this datas indicates that fiber counis using NIOSH TAGO-4
and 7400-b counting rules would differ by less than 20%

Anpther concern 15 that asbestos fibrils as small as 9 02 ym 1n diameter and
less than 1 wm in lenpth are visible only with electron microscopy  These
fibrils constitute &8 significant and variable proportion of the total fibers
present in the removal environment  Thus PCM, in counting only optically
visible particles, may not be a good indicator of the total fibers present.
Controversy over the health effect of small fibers (and thus what sizes of
fibers should he counted) adds further ambiguity to this area

On June 20, 19856, 0SHA issued a revised standard PEL, which reduced the PCH
level to @ 2 f/oe, as an 8-hour time-weighted average (TWA) exposure It alsc
get an action level of ¢ 1 f/¢c that triggers worker traiming, medical
monitoring, and other requicements The new standard does not geb a ceiling
or short—term exposure limit

EPA has the jurisdiction over schools and adopted the 0OSHA standard in 1985
and the revised standard in February 1287
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EPA hag also established gurdelines for c¢learance of asbestos removal areas
for reuccu%ancy These were first published in the form of recommended
practices 1 19 1984785, the guidance was Lo perform visuzl i1ngpection
followed by gir sampling with PCM analysis The level to be met was based on
the lower limits of detection for the NTOSH Method P&CAM 23918]  This
ranged from ¢ 01 to © 03 f/ce for the recommended sample volumes of 1,000 to
3,000 liters

In the 1985/86 time period, a revised guidance was issued[®] which recngnized
the validity of NIODSH Method 7400 and recommended a 3,000 1 sample when using
the old P&CAM 239 methodolegy, in order to give B minimum detection limit of

0.01 £/ce, This guidance also recommended uvsing aggressive sampling methods,
with TEM analyses as the method of choice. Clearance levels for TEM were to

be no higher than ambient background levels measured at the szame time

Ta October 1986, the Asbestos Hazard Emergency Response Act was passed which
required EPA to set regulations for asbestes removal in schools On April 30,
1987 a proposed rule was published in the Federal Register[10] for corment

it inclwdes a proposed regulation for agpressive air sampling to determine af
a response action {c¢clearance procedure) has been satisfactorily completed.

For two years after the rule becomes effective {(until Cctober 7, 1989), ". a
local education egency (LEA)} may analyze air monitoring =amples for clesarance
purposes by PCM to confirm completion of removal, encapsulation, or encleosure
of ACBM lasbestos-containing building materaal) that is= less than or equal to
3,000 square feet or 1,000 linear feet. The section shall be considered
complete when the result of samples collected in the sffective functional
space show that the concenkration of asbestos for each of five samples is less
than or equal to the limit of quantitation for PCM of 0 01 £/cc of air.”

After two years, the proposed EPA clearance rule, if adepted, will require a
three-step process for using TEM to determine successful completion of a
removal responge action (¢learance procedure) The final two steps will
involve a sequentiszl evaluation of five gamples taken inside the work site and
five samples taken outside the work site. If the average concentration of the
inside samples does not exceed the "limit of guantitation” for the TEM method,
then the removal i1s considered complete The "limit of quantitation™ 13
proposed to be set at "4 times the apalytical sgensitivity”™ of this method
which 18 stated to be no greater than 0 005 £/¢c. This is based on an assumed
media contamination level of 75 fibers/mml Therefore, the propozed

clearance limit for TEM is calceulated to be 0.02 f/ce

In relatively c¢lean publac buildings and the surcounding ambient enviromment,
where there are proportionally fewer larger airborne fibers due Lo seitling
out, it iz not at all reliable to presume that the ahzsence cf fibers measured
by PCM assures that there are no thin fibers as well For these conditions,
the ®PA has gpecifiled the use of the more sophisticated electron microscapy
methad EM has haigher resolution, and 15 thus capable of seeing all of the
asbestos fibers present, however, it is not as well standardized or as readily
available
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III METHODOLOGY
EVALUATION METHODS
Air Sampling and Analysis

Workplace Sampling

Personal and area sir samples were collected and analyzed by Phase Contrast
Microseopy {(PCM) in accordance with NIOSH Method 7400031 (using 25-mm
cassettes and cellulose ester filters) A Magiscan II automated counting
system was intended for use as a screening tool and e number of samples were
analyzed using this syctem, however, lack of apreement with the PCH analysis,
under low fiber and light particulate leading, restricted 1ts use in this
study. A sequence of 2- or 3-hour, interior area and personal samples was
¢colleckted over a full work shift, using DuFont P--4000 personal sampling

punps Approximately 400 liters of air were filtered, at 2 5 to 3 5 lpm, for
personal samples and arez samples. When low concentrations were expected,
ares samples were collected at flow rates of 2 0 ta 2 5 lpm for approximately
4 to lé hours for a total of approximately 1,500 to 3,000 liters per sample
The area samples were taken in duplicate on two medis+ 37-mm polycacbonate
and 25-mm cellulose gester filters The 25-mm cassettes with 2-~inch cowls were
wrapped with metal foil as a precaution to minimize possible effects of atatic
electricity This sampling array was also used to collect area samples
adjacent to but outside the pely baffled entrance to the room,

Pre—- and Post—-Removal Sampling

Both pre- and post-removal environmental evaluatione were accomplished by
sampling for an 8-hour period in 5 nonaggressive mode, followed immediately by
an 8-hour sampling perigd in the aggressive mode Honaggressive sampling 1s
performed 1nh a quiescent atmosphere, allowing at least 24 hours for the room
to dry out 1f the sampling Follows removal and cleaning  Agpressive sampling
wmvolves the use of forced air equipment, such as a leaf blower, Lo dislodge
free fibers from surfaces, and oscillating pedestal fans to keep the fibers
suspended during the B-hour sampling pericd

The samples ware taken in triplicate onh thres media: 37-mm polycarbonate,
37-mm cellulose ester, and 25-mm cellulose ester filters. The 25-mm cassettes
with 2-inch cowls were wrapped with metal foil as a precaution to minimize
poszible effeckts of static electricity. Six of the naine samples at each
station were collected at a rate of between 3 0 and 3 5 lpm, utilazing
individual Iimiting orifices The vacuum sourcs was a manifold connected to a
Gasgt 0485 vacuum pump 1n parallel with a smaller Thomas 10&—83F pump The
other three samples (one of each filter type) at each statien were collected
using Dupont P-4000 pumps at 2 5 to 3 5 lpm for & full hours Sampling
Eilters were hung face down 1n alternated positions from a ring whach was
supported approximately 5 fest abpve the floor An air sample was collected
on a cellulose ester filter logated adjacent to but outside the poly-baffled
entrance to the coom during the post-removal sampling period Two
s1de-by-side ambient outdoor samples were collected during the lé-hour period
on 25-mm c¢ellulpse ester Filters
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ALr temperature and relative humidity were determined using an aspirated
peyehrometen

Cellulose sster filters were analyzed using both Magiscan and PCM. All fibers
with a 5 1 {or greater)} length—to—width ratio were counted using WIOSH Method
7400-B counting rules Selected cellulose ester samples were analyzed by the
modified Burdett and Rood method [11]

Polycarbonate filters were anelyzed by the Yamate Revision to the EPA
Provisional TEM Method [6] The type and size distribution foe fibers,
cvlusters, bundles, and clumps were reported from the TEM analyses Level I
analysls was used to identify the amphibole, chrysotile, and nonagbestos
composition of each type

Real-Time Fiber Monitoring

GLA Fibrous Aerogol Monitors (FAM), Model No 1, were used to observe
variations of real-time fibrous aerdsol concentrations One FAM was used to
observe the effect of process variations, the other was used to monitor fiber
contamination levels in the removal grea  Metrosonicgs Model No 331 Daka
loggers were utilized to record sequential FAM readings

EVALUATION STRATEGY
overview

FPersonal breathing zone and area air samples were taken within the work
enclosure to chapacterize the effectiveness of source contrals Samples were
taken outside the work sncloswre in adjoining hallways to determine the
potential interaction or contamination from activities ocutside and within the
controlled areas  Since asbestos removal activities were also being performed
in other areas of the building, the ashestos concentrations measured in the
hallways could have been affected by these other activities Ambient samples
were taken outside the building to astablish background levels In
cooperation with the EPA, additional samples were taken ptricr to and following
completion of the removal work tp assess the efficacy of the removal method
and to compare zampling and analytical methods Because of time constraints,
and to provide gquantifiable comparisons, the post-removal samples were
collected after initial cleaning by the removal conktractor (see the specific
methods used section of the Process Description) but not after visual
tlearance, as 18 required for EPA final clearance measurements. Therefore,
tha post-removal results do not represent the final clearance achieved by the
contractar However, they demonstrate the relative merits of the sampling and
anélytical methods  Approximately 260 samples were taken over a 6-day period

Personal Alr Samples

Sequential 2- to 3-hour personal samples were taken daily for each of the four
workers  In addition to these full shift btime-weighted average samples, on
the second through the Fourth days, five to seven 15-minute, short-term
axpogure samples were collected daily Worker exposures were measured for the
s1te preparation and removal procesees and the cother associated activities,
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Other activities included waste collection and disposal, decontamination, and
equipment operation =znd masntensnce  Aboubt B8 to 15 sequential and shert—-term
personal exposure samples were collected for each 5- to 6-hour work shaft

Arez Air Samples

Arez air samples were taken during the removal activity, both inside and
autside the controlled area A zeries of 2- to 3-hour daily interior (source)
gamples were collected using a cart-mounted, mobile, sampling tree 1m the
proximity of the removal activity to provide an indication of the
effectiveness of the source controls and the magnitude af exposure during
different actavities These sanples were changed on the same schedule as the
personal samples & similar series of arsa sanples were collected i1 the room
during the removal activity to determine the level of fibers during removal
Daily exterior area samples were taken in the hall adjacent to the study

aresa cutdoor ambient background samples were taken ocutside windows well
removed from the tost area

Direct Reading Monitors

Direct reading Fibrous Aerosol Monitors (FAM's) wete used to provide insight
into the correlation of various process and control parameters with the
short-term varistions i1n area concentrations, One FAM with 2 detz logger was
positioned adjacent to the interior work area sample tree The data lugzer
recorded zequential observatiens of the background fiber count inside the
enclosure A second cart-mounted, mobile FAM was employed to detect l0-minute
changes in fiber concentration in the vicinity of the various work activities,

Use of Personal ¥Protective Equipment

wWorkers were not required and were not gbserved to wear protective equipment
during the preparation stage, primarily covering the pipes with poly. When
removal activity was started in a room, all workers were required to wear
digposabhle coveralls and half face mask cartridge respirators equipped with
high efficiency cartridges

Identification of Safety Hazards

In addition to the evalumstion of asbestos duslt exposyre, work practices and
the potential for worker exposure to, and the control of, safety and other
hazards, suech as heat stress, electrical hazards, hazatrdous surfaces, etc
were qualitatively evaluated

IV CONTROL TECHNOLOGY

Occupational exposures ¢an be controlled by the application of a number of
well-known prainciples, including engineering measures, work practiees,
personal protection, and monitoring Thase principles may be applied at or
near the hazard source, to the general workplace envaronmenkt, or at the point
of ocecupational exposure Lo individuals. Controls applied ab the source of
the hazard, including engineering measures (1.e , material substitution,
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precessfequipment modification, isolation ac automation, local wentilation)
and work practices, are generally the preferred and most effective means of
control both in terms of occcupational and environmental concerns Controls
which may be applied to hazardous agents that have eccaped intc the workplace
environment include dilution ventilation, dust suppressien, air filtration and
recirculation, and housekeeping Control measures may also be applied near
wndividual workere, including the use of remote control rnoms, 1sclation
booths, supplied-air cabs, work practices, and personal protective equipment

In general, a system cowmprised of the above control measures 18 required to
provide worker protection under normal operating conditions, as well as under
conditions of process upset, failure, and/or maintenance  Process and
workplace monitoring devices, personal exposure monitoring, and medical
menitoring are important mechanisms for providing feedback concerning
effectiveness of the controls in use Ongoing monitoring and maintenance af
controls to ensure their proper use and operation, and the education and
commitment of both workers and management to eccupational health are also
important ingredients of a ¢complete, effective, and durabhle contrel system

Asbestos remocval workers are often required te werk 1n areas where there is a
potential exposure te high levels of airborme asbestos fibers  Therefore, 1t
1g incumbent upon the employers of these workers to ensure that procedures
which effectively reduce or eliminate exposure to ashestos and other hazardous
materials or situations are uszed

Dust Exposure Control Strategy

In this school, workers' dust exposures were conkolled at the sources of the
dugt, zn the general work environment, and at the worker

Source Gontrols

Potential sources of asbestos dust were controlled by enclosing the pipe
lagging in plastic sheeting before removing 1t from the pipes Plastic glove
bags were used to encleose and colleet the pipe lagping during removal
activities. The pipe lagging was wetted with amended water prlor to, during,
and after its removal from the pipes

Containment in the Work Environmenk

To prevent general contamination of the school building by dust fronm the
removal ¢perations in the study areas, overlapping plastic curtains were
placed on all doors to halls or other rooms  Additionally, all ventilation
registers and windows were sealed with plastic sheeting and tape, immovable
furniture and fixtures were also coversd with plastic sheebing.

Fersonal Protective Equipment
Since the levels of worker exposure were unpradictable, and unexpected events
might cause excessive dust exposures, the removal workers and the field

ihvestigators used respirators both during remeval cperations and during
post~removal air sampling peripds The removal workers used half-face dust
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respirators with high efficiency dust filters NIOSH investigators used Raecal
Air Stream Powered Air Particulate Respirators (Breatheasy-5®) with hagh
afficrency filters In addition, both the workers and the investigators wore
dispouable Tyvek® coveralls which were replaced dally

v FIWDIMGE AND OBSERVATIONS
Freld Blanks and Lower Limiks of Detection

Raw data from PCM apalysis are shown in Appendix A When analyses were
reported as less than the detection limit, values equal to half of the limit
af detection were entered, ag noted, and computations were made using these
values All of the 20 cellulose ester freld blank PCM analyses wetre below the
detection limits, so that no correction for blanks was required

There is a degrese of uncertainty regarding the TEM analysis of polycarbonate
filters by the EPA provisional method EPA conducted a workshop in April,
1984 to review filter blank contamination  Field and media blanks prepated
from the same lot of polycarbonate filter media used 1n this study were
analyzed by several laboratories There was an unexpectedly high variability
in analytical results both within and between the laboratories. The workshop
participents discussed possible causes of these findings [12] While the
overall issue could not be resolwved, it 1s clear that standardization of
methodclogy was lacking and that contamination of the filter media was a major
problem This subject will be addressed more thoroughly in the final report
for this Four—school project  Because of this uncerktainty in blank analyses,
no corrections ware attempted i1n reporting the data in Appendix B

Confidence Limiks

The PCM fiber counting technigque is highly subjective; results reflect the
training and experience of the counter and intra and inter laborstory gualaty
assurance The confidence limits are also dependent upoen the sample loading
(the number of fibers on the filter) and may differ for each sample

The coefficient of variation, €V, (also know as the relative standard
deviation, RED} has two components The progess of counting randomly
(Polzsson) distributed fibers on a filter surface will give a CV component
which is a8 function of the number of fibers counted. The other component of
variability eomes from "subjective” differences from counter to counter and
frem laboratory to laboratory WI0SH and UBTL have demonstrated a PCH
analysis correlation of 0 91 and an interlaboratory ceefficient of variation
of 0 41 for this study based on a 25 sample comparison The UBTL results are
about 1 5% times the WIOSH results at the 1% signaficance level However,
interlaboratory confidence limits vary widely In the absence of a known CV
between laboratories a value of 0 45 1s used This would result in lower and
upper 95% confidence limits of the mean on the order of one half and three
times the reported level, respectively [1]
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Tables A-1 end A-Z2 are included in Appendix A tec pravide the raader with an
appreciation for the range of confidence limats which would apply to the megn
result of a pingle sample analyzed by & group of laboratories, assuming an
interlaboratory CV ar O 45 Aa shown in these tables, the range varies with
the number of fibers counted and the =zample volume

These tables can be used to approximate the range of confidence limits to be
applied when comparing the analytical results of one laboratory to the mean of
analyses duplicated in other labetatories., The range 15 a computed 95% upper
and lower limits based on a 100 grid or 100 fiber count and a subjective CV
component of 0 45, which is used i1n the ahsence of & demonstrated CV between
the laboratories being compared [1]1 (See revision 2 of Reference 1 dated

May 1986 for a more complete discussion of confidenpe limits ) Computations
were made for a range of fiber counts usling three ssmple volumes 400 1, the
approximate wolume collected for half-shift samples, 1,500 1, for full shift
pre- and post-removal and daily ambisnk samples, and 2,500 1, for pre- and
rost-remoyal double shift ambient samples

TEM analygis preformed by a NIOSH counter for this study has demonstrated an
intralaboratery confidence limit of 0 3% for asbestes fibers analysis In
general, there is mnsufficient experience with TEM to fully establish
inkerlaboratory comfidence limits  EPA has reported findings of studies which
indicate an overall CV of about 1 5 with an analytical component of about

140 The functional form used in the preparation of the range of PCM
confidence limits presented in Tables A~1 and A-2 in Appendix A may not hold
for the greater variability asscciated with TEM To provide some insight into
the effect of a CV equal to 1.5 on the 95% confidence bounds for the Mean, it
may be assumed thab the square root of the asbestos concentration as
determined by TEM is distributed as a normal variable Thett, the approximate
95% confidence interval on the original scale for a 1 25 f/ce TEM result on a
37-mm filter would be 0 to 8 38 f/ce  This compares to a 0 638 to 3 913 f/ec
interval shown in the Appendix A, Table A-2 for a 1.23 f/cc PCM resulis on a
37 filter

Work Activity Samplaing Regults

Pergsonal breathing zone time-weighted average and short-term levels,
determinad by NIOSH method 7400-3, are shown in Table 1 As previously
digeussed, these levelsg are ralculated from fiber ecountz made using an aspect
ratio of 5 1, whereas the OSHA PEL is based on a 3:1 ratio (A rules), TEM
analyses indicate that the reported levels would be less than 20% higher if A
rules had been used in the present study

The TWA values repoerted are for the actual sampling periode, approvimately
five hours The TWA levels are well below the 2,000,000 £/m3 [2 0 f/cc]
O5HA standard in effect at the time of this study However, half are 1n
excess of the new 200,000 £/m3 [0 2 f/eel OSHA standsrd and all but one are
in excess of the 100,000 F/m> action level The highest short-term
breathing zone measurement exceeded 1,000,000 £/md and two thivds exceeded
500,000 £/m3 As 1llustrated by the activity summary for each worker shown
in Table 2, the level of worker expesure from preparation activities was an
ordar of magnitude lower than that e¥perienced dutring removal
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Exposure 1s reported as f/cc using NIOSH 7400-B Method

TABLE 1

PERSONAL EXPOSURE MEASUREMENTS DURING PREPARATION
AND REMOVAL OF PIPE LAGGING

AT BLOOM MIDDLE SCHOOL

WOREER TYPE* ACTTVITY JUNE 18 JUNE 19 JUNE 2§ JURE 21
1 THWA D 250 0 300 O 470 g 170
sT REMOVAL 0 380
BT REHOVAL Q 770
3T REMOVAL 1 100
2 THA 0 01a 0.100 .330 g 120
ST PREPARATION 0.030
ST REMOVAL 1 Q00 g 520 0.340
ST REMOVAL 0 140
fi 3 TWA g 015 g 260 0 490 Q 120
5T REMOVAL 0 430
ST REMOVAL g 066
# 4 TWHA g 210 0 032 ¢ 310 O 150
5T PREPARATION D 030
ST REMOVAL 0 710 1 1934 4 250
5T REMOVAL D 920 1 200
ST REMOVAL 0 950
*TYPE TWA = Sequemntiml, full-shift Time-Weighted-Average
ST = 1% Minute Short-Tecrm
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TABLE 2

PERSONAL SAMPLING RESULTS BY ACTIVITY
AT BLOOM MIDDLE SCHOOL

FCM Analysis. f/cc using NIOSH 7400-B HMethod

HWORKER _JUNE 18 JUNE 19 JUNE 20 JUNE 21 MEAN MIN MAX ST D* {(n})

ROOM 3 ROOM 3 ROOM 3/ LUNCH

LUNCH
= ===== == == PREPARATION FOR PIPE LAGGING BREMOVAL, = = = = = = = = = =
1 0 Q32 0 026 0.029
2 0 029 0.037 0.033
3 £.032 0 029 0 030
4 0 D54 0.034 0.044
PREP
AVERAGE 9 037 04,032 0.034 0 026 0 054 0.009 B
= = 2 = = =2z = = == =z = == PIPE LAGGING REMOVAL, = = == = = = s = = = 3 = =
1 0 400 0.400 1
O 550 G. 420 0 480 2
0.530 0.170 0 350 2
AVG 0.410 0 170 O 55¢ ©O.15Q &
2 Q.003 0,003 1
¢ 120 0,360 0.240 2
O 300 0 120 0.210 P
AVG 0.180 O 003 0,360 O 150 5
3 Q 003 0 893 1
Q A5Q 0 550 0.500 2
0,430 Q0 120 0 280 2
AVG 0 310 0,003 O 550 O 240 5
4 g 320 0 320 1
O B40D o 320 0.480 2z
g 290 Q 150 0 2240 2
AVG D 310 0 150 O 540 O 1BO 5
REMOVAIL
AVERAGE § 1BO 0 340 0 400 0 140 0 312 0 003 0O ead O 180 20
AMBIENT O (D2 O 002 .003 0 o2 O Ogz O 001 O 003 O O01L 8

%87 D = Standard Deviation
n = number of samples
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Analyses of area samples by PCM and TEM are compared in Tables 34 (for
preparation) and 3B {for cremoval)., PCH results for mean levels near the
workers were 300,000 f/m? during removal and 26,000 f/m3 during preparation
In-room background sample meansz during removal operations were 300,000 £/md
and 16,000 f£/m3 during preparation The mean background level in the halls
was 55,000 f£/m3 and the smbient level outside the building was 2,000 f/m3
TEM results for total asbestos structures are one to two arders of magnitude
higher than the PCM A more detailed analysis of the PCM and TEY comparisonsg
will be made in the final techmical report for the four scheol project.

Pre- and Fost-Removal Sampling Results

One purpose of the pre- and post-removal study was to compare the evaluation
of post-removal conditions by the aggressive and nonaggressive sampling
methods for both PCM and TEM analysis, The post-removal samples were
collected after initial eleaning {(for purpose of clearance) by the removal
contractor but before visual inspection and final clearance sampling by the
on~s1te i1ndustrial hygienist  Appendix B lists the analytical results fer
egch TEM sample; the means faor pre- and post-removal TEM measurements are
shown in Table 4 The upcerrected TEM analyses of post-removal samples
indicate a two-fold increase gver the pre-samples in mean total asbestos
structures for both nonaggressive and aggressive sampling, Averaging about
77,000 and 167,000 as/m3® for pre— removal and 148,000 and 285,000 asfm3

for post-removal, respectively This Table also shows that the total asbestoes
fiber concentration 1s about equivalent to the total asbestos structure
concentration, indicating that most of the asbestos was present as fibers

Comparison of pre- and post-removal TEM and PCM analytical results, by tvoon
location, are shown in Table 5 The levels of the aggressive samples are all
equal to or higher than the nonaggressive samples in bokth the pre- and
post-removal samples. As noted above, the post-removal resulis were taken
after the contractor completed cleaning, but before clearance testing by the
on-site industrial hygienist, Further cleaning may have bean done 1f the site
fasiled clearance by visual inspection or non-aggressive sampling with PCM
analysis The emphasis of the present work 1g on the effectiveness of
containment of the glove bag technigue and hence on the comparisen of ssbestoes
levels before and after the glove bag work 1s completad

The levels of both aggressive and nonapggressive samples for total asbestos
structures exceeded the ambient level measured during these activities Thea
means of the aggressive post-removal sample analyses for asbestos structures
longer than 5 wn also exceeded this criteria, whareas the nonaggressive
samples did not

The levels of both aggressive and nonaggressive samples for total agbestps
structures exceeded the ambient level suggested as "typical” by the EPAL13)
(5,000 £/m3 [0.005 £/ce]) The mean of the aggressive post-removal sample
analyses for asbestos structures longer than 5 um alsc exceeded this
eriteria, whereas the nonaggressive samples dld not  The actual ambient
levels were confirmed to be in agreement with the suggested eriteria by the
TEM analysis of the June 14 ambient sample, less than 3,000 as/m3 of air
The smbient samples analyzed on July 9 showed less than 1500 and 13000 as/m3
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TABLE 3A

AREA SAMPLING RESULTS
PREPARATION FOR FPIPE LAGGING REMOVAL
AT BLOOM MIDDLE SCHOOL

Analysis: PCM using NIOSH 7400-B Methaod (frfec)¥,
TEM using EFA Provisianal Method (as/ec)™

JUNE 18 JURE 149
BEQOM 5 ROOM 3
PCM TEM PCH TEM
SAMPLING SITE £frce as’fce frce ag/ce MEAN MIN MAX 5T D¥ (n)*
FCHM ANALYSIS
NEAR WORKERS 0.030 0030 0023 O DaC O DOT 4
34,0149 00la 0.009 0 029 0.014 2
PCM AVG 0 026 0009 0O QAC O D10 &
TEH ANALYSIS
{ffo Data)
0.590 0530 0 540 0 €40 ¢ 069 2
TEM AVG ¢ 490 O 590 Q.540 0 640 O 069 2
= 82 | S S ZD S8 = B @ B ff S = 32 ZD 82 =D @ o8 ¥ X - ;NI 81 ZE =2 DN 2¥E =E S =S =D = = &S = = S®
PCHM ANALYSIS
ROOM 0 019 00l 0018 0019 O OD1L 2
{BACKGROUND) .013 003 0008 0 Q17 O 005 2
FGCM AVG DO0ole QO 009 @ 019 G,005 4
TEM ANALYSIS
0.870 0 B70 0 574 1 200 0 410

2
C.670 0670 0 390 O 960 O 400 2

PCM ANALYSIS

HALL O 048 0D.048 O 045 0,053 © 007 2
{BACKGROUND) 9 870 0.670 0.043 Q.084 0 Q37 2
PCHM AVG O 059 0O 043 0 096 0 025 4

TEM ANALYSIS
0 499 D 499 O 450 © 550 © 073 2
Q 650 Q0 650 0.645 0 655 Q 006 2
TEM AVG 0.575 0.450 0.655% 0 098 4
PCM ANALYSIS O 002 2
QUTDOOR AMBIENT 0 002 2

*f/ee = Total Fibers/ec

asfce = Asbestos Structures/cc
8T D = Standard Dewviation

n = number of samples
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TABLE 4

MEAN ASBEETOS FIBER AND ASBERTOS STRUCTURE CONCENTRATIONS
AT BLJOM MIDDLE SCHOOL

Analysis by TEM using EPA Provisional Method

Sample structures/m? Fibers/m3

Pre-Remgval

Nongggrassive 77,0040 65,000

Agpressive 167,000 139,009
Pagt-Removal

¥onaggressive 148,000 140,000

Aggressive 385,000 294,000
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The latter appears to be quite high, however, aven if it wets the true level,
the above observations would still be correct It should be noied that the
ambient TEM samples were colllected on cellulose ester filters Thare are
presently no c¢clear criteria for interpreting the health significance of TEM
total asbestos fiber counts, however

PCM analyses of nonaggressive sampling did not veveal an apprecizble change in
the pre— and post-removal fiber counts. The EPA guidsline for cleatrance
sampling analyzed by PCHIB.?) 15 “every sample value is below the limit of
guantification (approximately 10,000 £ /m3 [0 0L £/ec]) ™ Post- removal
nonaggressive PCM samples were all below the 10,000 total f/m3 level and
would, therefore, pass thais criterion  Aggressive PGH sampling results
indicate a slightly increased post-removal level in Reoom 5 In both of the
rooms aggressive samples averaged above 10,000 total f/m3 before and after
rcemoval

Engineering Controls

Two types of glove bags were used during this survey Profo® bags were used
on the first three deys and both Profo® and Disposalene® bags were used on
the fourth Five bags were used in Room 5 duraing the first day, twelve bagse
were used in Room 3 during the second and third days; and thirteen bhags were
yged in the Lunchroom and Kitchen durang the third and fourth days

Work Practlces

The survey team observed and intermittently videotaped the work practicesz of
the removal crew A subjective evaluation of these practices based on
observations and review of the tapes i1s summarized in Table 6

FAM meagurements are being analvzed to determine the correlation of real-time
observed increases in fiber concentrations with woerk conditions and
activities The results of this analysic will be ipecluded 1n a technical
report to be written on the four school project

Monitoring

The removal contractor's program for monitoring airborne exposure to ashestos
1n the work environment c¢consisted of supplying the shift foreman with one
personal sampling pump During the course of this study, that pump was not
used for personal sampling hecause the survey team was monitoring each of the
wotkers. However, the pump was not adequately maintained or calibrated to
provide monitacring support There is a need for training if workers are to be
assigned monitoring duties

The monitoring program of the Cincimhati Board of Education was implemented by
PEI Associates, Inc , under a consulting contract The contractad level of
effort was ta support one active site at a time, however, the removal
contractor roceived permission from the Schoel Digtrict to work on four gites
simultaneously  This reduced the level of on-site surveillance to less than
what is desirable for tight control  An observer should be at each site for a
time aufficient to insure full compliance of the work speeifications
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TABLE &

EVALUATION OF WORK PRACTICES
AT BLOOM MIDDLE SCHOODL

Date 6/18/85 6/19/85 6/20/85 6/21/85

Time AM / PM AM / PH AM / PM AM / PH

Site ROOM 5 ROOM 3 LUNCH LUSKITC*

TASK WOREK _PRACTICE RATING#

Prepare Plpe A/ - A/ - -4 - -/ -
Install Bag Ps- P/ - - f = A S -
Wet Pipe Lagging /P - /P A/ A ASP
Remove Lagging {(use of bag) P/ P - /P P/ A A/ A
Move Bag - f P -/ B P /A /A
Hemove Bap -/ A -/ A A/ A G/ P
Clean Pipe -/ A -7 A A/ A A/ A
Cacontaminate Room -/ A w - A A A/ A
Number of Bags Used { 5 ) { 12 ¢ 13 b

# SUBJECTIVE RATING VALUES: P = PDOR A = AVERAGE G = GOOD
¥ Kitechen from 10 57 am to 12 11 pm
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Personal Protection

Contractor persomnel wore disposable coveralls in the work area duyring removal
activities In addition, each employee was fitted with a half-face cartridge
tespirator equipped with haigh efficiency filters which they wore during
removal activities

Safety Considerations

Safety hazards were typical of those associated with insecure footing while
#working on elevated platforms, ledges, and ladders. Work was often over or
around obstructions such as sinks, commedeg, light fixtures, etc The use cf
razor knives and stapling guns also presented hazards to workers  Staples
driven through the poly into the asbesztos lagging presented a great potential
for injuries to the hands, care was required when removitig the poly from the
lagging to avoid punctures and lacerations

ODther Obgervations

The work practices observed during the firgt day of this removal activity did
not reflect adequate training in glove bag contrel methods The training
received on the job was intended to bring the performance closer to the
expected normal range of glove bag work practices In the brief period of
on—-the-job training at this site, 1t was not passible to achieve uniform
quality of work practices

v CONCLUSIONS AND RECOMMENDATIONS

Glove bags are a usaful englneering control to reduce worker exposure during
ashestos removal operations Workers using wotrk practices dbgerved in this
study to remove asbestos 1n glove bags should use resprratary protection in
fact, it 1s prudent practice to use respiratory protection in any glove bag
work because leakage of the glove bag {which is not easily determined by real
time monitoring) will allow worket exposure to a known catrclnogen  OSHA
permits high efficiency, air purifying respiratars for work with ashestas;
however, NIOSH recommends type C pesitive pressure, supplied air respiratory
protection for use with carcinogens

Ashestos expesure, as evidenced by personal breathing-zone air sampling,
showed order-of-magnitude inereases depending upon the work activity

Asbestos fiber concentrationz roge from a pre-removal level of 0.004 f/ce to

0 034 f/ce during the preparation of the pipe lagging for removal and to © 312
f/ec during the actuzl removal in glove bags These differences i1ndicate
that, as used in the present study, glove bags did not provide complete
containment of the asbestos being removed {Thege values are derived from PCM
analyses using NIOSH method 7400-B, comparison of total fiber counts from TEM
datg 1ndicate that fibver counts, hence the reported concentration levels,
would be less than 20% haigher if the "A" tules had been used )
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The limited expertise of the workers observed in the present study i probably
typical of infrequent glove bag users Flant maintenance, asbestos oparations
and maintenance, and many ssbestos removal contractors would very likely
encounter similar asbestos levels and incomplete containment seen in this
study Thag i1mplies that secondary containment {1 e , negative air barrier)
should be used as an adjunct when glove bag work ig performed It is possible
{(but not demonstrated} that well trained personnel who use glove bags
regularly would be abhle to abtain bhetter containment

After initial cleanup of the room in which the work was performed, asbestos
levels hy TEM analysis were higher after glove bag work than before., Thas
pives an additionsl indication of the 1ncomplete containment provided by the
glove bags Since glove bags may often be used without the extra layer of
protection provided by a negative air enclosure (as was the case in the
present study), there could be appreciable contamination of surrounding areas
from gleve bag work.

one purpose of the study was to compare the post-removal conditions obtained
by the aggressive and nonaggressive sampling methods using both PCH and TEM
analyais. Mean concenbtrations measured by aggressive sampling were genatrally
greater than means obtained by nonaggressive sampling for hoth pre- and
post-removal operations

The levels of both aggressive and nonaggregsive samples for totzl asbestos
structures exceeded the ambient level suggested as “typical™ by the

EpA [13] (The actual anbient levels were confirmed to be in agreement
with the suggested criteria by the TEM analysis; less thanp 3000 as/nd of
air during pre-removal and about 6,000 as/m3 for post-removal ) The
agpressive samples analyses for asbestosz structures longer than 5 um

also exceeded this criteria, whereas the nonaggressive samples did not

Only one of twelve samples taken by the noneggressive method analyzed by
PCH 158 above the 10,000 fibers/m? EPA guideline and would fail clearance
using this sampling and analytical method (This sample also exceeds the
NIOSH recormended actlon level of O 01 f/¢c that would require additional
survelllance 3}

Nine of the twelve samples taken by the aggressive method analyzed by PCH
are above the 10,000 fibers/m3 EPA guideline and would have failed
clearance using this sampling and analytical method

Based on these post-removal results, a work site would probably pass the
clearance guldeline requirements with nonaggressive sampling analyzed by PCM,
1t would probably fail with apzressive sampling analyzed by PCM; and would
likely £ail with TEM analyses of either sampling method

when using TEM analysis, it is haighly advisable to implement the EPA

recomnendation to evaluyate the amblent agbegbtes fiber concentration cutside
the work area as a reference for clearance requirements [9]
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Cptions with potential for improving glove bag containment include improved
work practices {discussed in the report), improved wetting of the lagging
before removal using an injection technique, and the use of glove bags
supplied with negative air One or more of these techniques are racommended
for additional evaluation.

A summary of KeY work praciices observed in this study which are highly
recommended include

Pro-mist all lageing with amended water
Wrap all pipe with poly prior ta the start of removal work.

Use a bag properly designed for the task (i e , speeially designed bags
for working around large valves or fittings)

Start with a clean empty bag at pipe interfaces with walls and ceiling to
optimize bag flexibil:ity and minimize contamination potential

Make cuts on preformed lagging bleocks at the joints to minimize fiber
genaration

Use long hoses on the amended water spravers to optimize webbing
practices; epray frequently during the removal task to assure thset freshly
exposed materiasls are wetted,

Use a HEPA vacuum to contain fibers and to assist in collapsing the glove
hag during hag removal

Remove contaminated toals in an inverted glove for tranafer to the next
glove hag,

There are a number of work prectices which have been proposed for use with
glove bags but were not cbeerved in this study Some of them are worthy of
consideration for inereased agsurance of control

Require documentation of specific training and experience for workers
uging glove bags

Use enclosures with decontamination showers and negative air on large
jobs On smaller Jobs, at least seal off vents and wall cr ceiling
cpenings with poly and provaide double hung poly curtains at the doors

Clean up accunulated debrig prior to removal, this will reduce
resuspension of looze filber accumulztions

Proper elevated platforms and scaffolding must be provided where needed
Improviged platforms utilizing existing structures should be discouraped,
expediency should not override the safety of the workers
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If the lageging 1s not fully wrapped with poly priot to removal, band the
laggaing with tape at the places where the glove bag is attached. This
will provide a cleaner edge to seal the open lagging, ptovide a dirt fres
ares for the affixing the tape that seals the glove bag, and prevent
fraying of the lagging when the sealing tape is removed

Test the effectiveness of the =zeals by pressure testing each installation
of the bag (gently squeeze the bag to cbserve that the seal 15 pight)

confirm the integrety of the glove bag installation technique by means of
a smoke test periocdieally (the frequency or number of hags to be tested
will depend on results) Release smoke from a smoke tube inside the bag,
then apply gentle pressure to the bag to observe that the seals are secute

Use great care when metal bands, wires, or aluminum jacketing is
encountered to avoid lacerations to the hands or glove bapg; fold sharp
edpes in and place an the hottom of the bag

Accumulation of debris and water in the glove bag should not exceed the
ability of the workKers to safely manipulate the bag as needed Bag
loading practices should reflect good judgement and experience: heavily
icaded bapgs create awkward and unsafe conditions Where applicable,
support may be provided by the use of a platform and/or slings

Use a HEPA vacuum to contaln fibers during all bag openaing procedures such
as removal or woving.

Seal the ends gf the laggineg with "wettable cloth™ (a2 plaster impregnated
fiberglass webbing) or eguivalent encapsulant, when partial removal
creates exposed ends

Use a FAM (or other direct reading serosel monitor) to Jabtect failures in
control or containment so that on-the-spob corrections c¢an be made.

Decontaminate the work area thoroughly after the complebtion of the job
All contamination ghould he removed, whether i1t was caugsed by the removal
task or hae accumulated over time

Cordon off working areas when outdoor work 18 performed Removal of pipe
lageing from salvaged or reclaimed pipe should be done in an enclosure
appropriate for contamination control

Crew size should be proper for the task; a minimun of two workers is
recopmended where heavily loasded bage are anticipated or elevated wark is
required Where two or more removal oparations are carried out in Lthe
same area, an auxiliary worker may be utilized te service the amended
water spravers, %t¢ assist the others in moving or adjusting the glove
hags, and to perform other miscellanecus tasks
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TABLE A-1

UPPER AND LOWER 95% CONMFIDEMCE LIMITS FOR A SIRGLE PCOM ANMALYSIS
USING NIOSH 7400-B METHOD ON A 25-mm CELLULOSE ESTER FILTER,
ASSUMING AN INTERLABORATORY SUBJECTIVE COMPQNENT OF 45 AND

1300 FIBERS/mm? MAXIMUM ALLOWED LOADING (1,111,500 FIBERS/FILTER)

Fibers Fibers/ Factor for, Mean znd Range of Fiber Concentrations within
counted 25-mm  Lowsr Upper 95% Confidence Laimits for Sample Volumes:
f100 €43 TFilter Limit Limat 400 laters 1500 liters 2500 laiterg
== == n =Zooms osssxz ss==(f/ef)=uoss== ====(f/eQ)===== =z===(f/cg)=====
* 500500 g 51 3 13 1 251 0.334 g 200
(0 638 — 3 916} {0 170 - 1.045) (Q 102 - 0 £826]
* 250000 .51 3 13 0 625 0.1a7 0 100
(0 319 — 1 956) {0 0BS5S - Q 523) (D 051 - 0.313)
*x 1300490 0 51 3 13 Q.250 0 067 0,040
(0 128 — 0 783) (0 034 - @ 210} (0 020 - 0 125)
100 49045 0.51 3 13 Q 123 0.033 g 020
(0 063 - 0 385) (0.017 - Q 103) <0 010 - 0.083)
B 39236 051 3 14 0 098 0 026 0 0lg
(0 050 - 0 308) (0 013 - ©.082) (0 OQ8 - O 050)
50 29427 0 51 3 1s 0 074 0 0z o 012
{0 038 - ¢.234) (0 Q10 - O 083} (0§ 006 - O 0O3R)
50 24522 ¢ 51 3 18 ¢ 061 0 0ls O 010
(0.031 — 0 194} (0 008 — O £531) (D 005 - © 032)
40 195618 .50 3 20 g 049 0 013 0.008
(0,025 ~ 0 15%7) (0 007 - O 042) (0 Q04 - 0 026)
3t 14713 0 49 3% 25 g 037y 0.01 g 008
(0.018 -~ 0 120) (¢ Q05 - ©0,033) (0 003 - 0,020}
20 9809 0 47 3 33 O 025 ¢ 007 Q.004
(0 012 - 0.083) (G 003 - Q 023) {(0.002 - O 013)
1a 4904 0 43 3 57 0 012 0.003 0 Qu2
(0 005 - O 043) (Q.001 - O Q1l1) (0,001 - O QO7)
7 3433 040 3 78 0 009 o 002 Q4 001
{NIOSH LoD} {0.004 - 0.034) (0 001 -~ 0.008) (0O OO0 - O O0D4)
3 1471 0 31 4 6s 0 004 ¢ 001 Q.001
{UBTL LOD) (0 001 — 0.019) (0.000 — ¢ 005) (O 000 — O QOK)



TABLE A-Z2

UPPER AND LOWER 95% CONFIDENCE LIMITS FOR A SINGLE PCM ANALYSIS
USTHG NIOQSH 7400-B METHOD ON A 3¥-mm CELLULOSE ESTER FILTER,
ASTUMING AW INTERLABORATORY SUBJECTIVE COMPONENT OF .4% AND

2
1300 FIBERS/mm

Fibers Fibers/
counted 37-mm
/100 fds Filter
* 11115690
* S00000
X 250000
100 108917
BO 87134
[ 34] 65350
L4 54459
40 43567
30 32675
20 21783
19 10892
7 Th24
{NICSH LCD)
3 3268
(UBTL LOD)

Fagtor for:

Lower Upper
Limit Lamit

==Ers =SS s==

0.51

Q

51

51

51

51

50

LA

47

43

40

31

3 13

3 13

i 18

3,20

3 57

3 7B

4.66

HAXTMUM ALLOWED LOADING (1,111,500 FIBERS/FILTER)

Maan and Rangs of Fiber Concentrations within
5% Confidence Limits for Sample Volumes

400 liters

====(f/cc)=====

2 719
{1 417 -~ 8 698)

1.25
(6.638 -~ 3,913}

0 625
(0,319 -~ 1.956)

0.272
(0.133 -~ 0 851)

0 213
(0 111 - 0,685}

J 163
0,083 - 0,515}

O 136
(0 069 —~ 0 432)

0.1049
(0 055 - 0.349)

O 02
(0.04 - 0,267)
0.054
(4 025 - 0 1BY
Q 027

(@ 0lz - O Q&)
0 019

(0 008 - 0@ O72)

0.008

(¢ 002 - 0 037)

a-2

1500 liters
0.741
(0 378 - 2 319)

Q.333
(0 170 ~ 1 042)

0 167
(0 0B5 — 0 523)

0 073
(D837 - 0 228)

(}.058
{0.030 - 0 182)

D 044
(0 022 - 0 139)

0 034
(0 018 - O 114)

0.029
(0.015 - 0.093)

0 B22
(¢ 011 - 0.072)

0 015
{0 007 - O 05)

0 0o?
(0 003 - 0 D23)

g 005
(0.002 - O 019)

0 0oz
{0 001 - 0 009)

=(f/ec)=====

2500 liters
====(ffcc)=====

G 445
(0 227 - 1 393)

a2
(¢ 102 - & 626)
01
(0 051 - 0 313)
0 044
{0.022 - Q 138)
0.035
(0 018 - ¢ 110)
0 026
{0 013 - 0 082)
0 p22
{0 011 - O 070)
0.017
{0 009 - 0.054)
0.013
(0 Q06 - 0.042)
0.009

(0.004 — O Q3AQ)

0 004
{0.002 - 0 D14)
0.003
(0,001 - 0.011)

0 001

{0 GO0 - 0 005)



TABEE A-3
LEGEND FOER BLOOM MIDDLE SCHOOL PCM DATA
Lan Limit of Detection

0g (Sehocl and raom location of sampled activity)

r—

By Bloom Middle School
RM3 Room {f 3
RM> Room # 5
109 Room 109
TLG Teachers Lounge
LEM Lunchroom
FB Field Blank no samnple taken
CLASSIFICATION (Sample location, type, activity, and ID)
Location
FB Field Blank
I4 interior Area {Background in the work room)}
04 outside Area (in the hall)
AM Amblent (Qutside the building)
BZ Personal Breathing Zone
CT Mobile Sanpling Cart (im the immediate vicinity of
work activity)
detivity
PRE Pre-removal activity - Full term sample
paT Post—-removal activity - Fuyll term ssmple
REM Removal work — Full term sequential sample
cov Preparation 'Covering etz ' - Full term sequential
RMS Removal work - 15 minute short term PRZ sample
cos Preparation 'Covering ete ' - 15 minute short term PRZ
SEQ Sample period covers sequential work mctivities
ID

AGGR  Agpresgive sampling mode
HAGR Nonaggressive sampling mode
WEft#  Worker f#x PBZ gample

xx/%x Actual date of blank source

SAMPLE Ho.
BAMNST

Mo
Moo

RATH
VoL
PCM 7400-B
MAGISCAMN II

UBTLECM
NIOSHPCM

Sample media Identification code and humber

25-mm Cellulose Ester Filter Sample Wumber xxx (With
8 foi1l wrapped 2 inch cowl)

37 Gellulose Ester Filter Sample Humber xxXx
37-mm Folycarbonate Filter Sample Number xxx

Sample flow rate in liters per minute (lpm)

Sample volume in liters (1)

Phase Contrast Microscopy using NIOSH Method 7400-B
counting rules in Total Fibers per cubic centimeter
Magizcan IT i1 a computerized image analysis systen
for PGH 1n Total Fibers per cubic centimeter

PCM analysis performed by Utah Biological Testing Labs
PCM analysis performed in the NIUSH Laboratory
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APPENDIX B

TEM CATA TABULATION
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