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1 IRTRODUCTION

The primary Federal agency engaged in occupabional safety and health research
i the National Institute for Ceccupational Safekty and Health (NICSH) It was
established in the Department of Health and Human Services by the Dccupational
Safety and Health Act of 1970 Thais legislation mandated NIOSH to conduct a
number of reseatvch and education programs separate from the standard setting
and enforcement functions conducted by the Cecupational Safety and Health
Administration (QSHA) 1n the Department of Labor An important area of NIOSH
research deals with methods for controlling occupational exposure to potential
chemical and ph¥ysical hazards The Engineering Control Technology Branch
(ECIB} of the Division of Physical Sciences and Engineering has been given the
lead within NIOSH to study the engineering aspacts of health hazard prevention
and control Tn a number of cases, including the present researeh on ashestos
removal, NIOSH conttol technelogy studies have been performed in collaboration
with the Envitconmental Protection Agency (EPA)

Since 1976, ECTIB has conducted assessments of health hazard control technology
ot the basis of industry, common industrial process, or specific control
tecshniques Examples of these completed studies include the foundry industry;
various chemical manufacturing cor processing operations, spray pawinting, and
the recirculation ¢f exhaust air, The objective of each ¢f these studies has
been to document and evaluate effecktive control technigues for pobtential
health hazards in the industry or process of interest, and to create a more
general awareness of the need for or avallability of an effective system of
hazard control measures

These atudies involve a number of steps or phases When a perceived need for
research is identified, a literature and/or pilot study 1s undertaken to
agsess the need for bench research and/or validation of eXisting techniques
If 1t 1s determined that field studies are needed, a series of walk-through
surveys 15 conducted to select facailitieg, plantsg, or processes with effective
and potentially transferable control concepis or techniques Hext, in-depth
surveys are conducted to determine both the control parameters and the

ef fectiveness of these controls The reports from these in-depth surveys are
then vwged 25 a basis for preparing technical reports and journal articles on
effective hazard control measuces Ultimately, the information from these
rasearch activities increases the data base of publicly available information
on hazard control techniques for use by health professicnsls who are
responsible [for preventing occupational illness and injury

The overall objective of the present study was to evaluate the efficacy of
controls used by the asbestos abatement industry to constrain ashestos
contamination at 1&3 source  The purpose of this specific survey was to
determine the effectiveness of the glove bag method to contral or reduce
oceupational exposure to asbhestos dust during the removal of asbestos pipe
lagging from 2 public school building



The EPA has interest in methods that control of emissions created by asbestoes
removal operations in order to protect the health of the general population
and environment. 1T¢ assist this Agency, two facets were added to the scope of
work to determine if ambient atmospheric ashestos concentrations ware
affected by the removal activities, and to assist in the development af an
improved analvtical method for the measurement of airborne concentrations of
asbestos. The EPA (Manufacturing and Serviece Industries Branch of the
Industrial Wastes and Toxics Technology Division in the Office of Research and
Development} provided financial and technical suppork for this project by
means of an Interagency Agreement with NIOSH (ECTBE)

BACKGROUNMD
Technical

A pilot study of asbestos abatement operations conducted by ECTB in 1984
revealed that many novel approaches have been and are heing developed to
control asbestos dust exposure to workers removing asbestos-containing
materials Two principles in general use are webtting and negative pressure
Wetting utilizes fluids to soak or saturate asbestos-containing materials
before and during the removal of these materials to reduce the pobential for
the asbestos fibers t¢ become airborne Negative preasure utrlizes fans or
vacuum devices to axhaust contaminated air from enclosed or controlled areas
and to draw clean air into these areas in order to contain and reduce airhorne
ashestos, exhausted air 1s filtered through high efficiency pacticulate air
{HEPA} filters before being released to the atmosphere

Evaluation of controls applied at the source of contaminant emission, such as
isolation or local wventilation, is of particular interest since these are
generally most effective in controlling both occupational exposute and
envircnmental releases One important subset of asbestos abatement activities
required the removal of pipe lagging, 1 e , asheshbos-containing materials used
te insulate pipes carrying heated or refripgerated liguids or vapors Glove
bags were developed specifically as source controls for this use, These are
large plastic bags which can be sealed around the materials to be removed
Workers manipulate tecols inside the bag teo remove Lthe laggaing using the long
gloves sealed into the body of the bag The debris then falls to the bottom
of the bag and 15 contained by 1t for final disposal in a sanitary landfill
Glove bags are widely usad both in building abatement and in operation ang
maintenance of boilers, industrcial plants, ete. They are often used in such
situations without secondary containment (such as plastic barriers and
negative epir)} and thus their performance may be extremely important to
assuring the safety of workers in many workplaces For this reason, they wers
selected for evaluation in this present study

Environmental Regulation

The EPA has been invelved 1n activities to reduce asbestos emissieons and
contamination of the environment for many years A major concern of this
Agency is the degradation or disturbance of in-place asbeetos—containing
materials in buildings which may result in airborne ascbestos concentrations
several orders of mapnitude higher than ambient levels ocutside the bouilding



Although no new asbestos fireproofing 15 used in buildings today, the eventual
removal of existing in-place asbestos is a major technical and economic
dilemma. A part of the Toxic Substances and Control Act known as the
Ashestos-i1n-Schools rule requires all primary and secondary schoals, both
private and publie, to inspect the buildings for ashestos—containing materials,
document the findings, and inform the employees and the PTA or parents

In the past, rather than promulgate specifiec regulations for asbestos
abatement aectivities, the EFPA preferred to provide "Guidance Documents" which
repregsented the "best engineering judgment™ approach at the time Based on
these guidelaines, ashestos-containing materials can be: (1) left in place and
an operation and maintenance program established, (2) encapsulated with a
penatrating or bridging chemical, (3) enclosed to prevent access to publie or
to airflow; or (4) removed Any abatement technique other thanp removal should
be viewed as a temporary measure since recent regulations require the removal
of asbestos—containing materials prior to demolition of the building

Because the long-term efficacy of current control methods for asbestes removal
15 not well known, the EPA funded an addition to the present study to document
the effectiveness of glove bags 1in reducing risk to the environment The
specific 1ssue 1g whether there is legs free asbestos in the coom after
remaval than before This required the measurement of the asbestos fiber
concentrations in work areas before asbestos removal wag started and after the
activities were completed  These measurements are described subsequently
under the subhesding, '"Methodology '

Analytical

Ancther adjunct to this study was to utilize several analytical methods to
determine airbarne agbestos fibar concentrations Phase Contrast Microscopy
(PCH) methods have haistorically been used for thas purpose and are the basis
for the Occupaticnal Safety and Health Admamiztration {(0OSHA) permisgaible
exposure level {PEL) This method utilizes an optical microsceope to manually
count the number of fibers greater than 5 micrometers {(um) in length and

with an aspect ratio of st least 3 1 {lengthk to width} supported on cellulose
ester filter media  Under WIOSH method 7400, a ratio of either 3 1 (4 rules)
or 5 1 (B rules) may be used [1} The B rules were used for dats reported
herein becauwse the analytical gervices used believe that a more reproducible
agbestos fiber count can be obtained under these conditicns As discussed
later, A rule fiber counts cannot be estimated from B rule results

The number of fibers which c¢an be observed 1s limited by the resolving power
of the microscope Very thii fibers (less than 0 2 um wide) cannot ba
ohserved by PCM Transmission Electron Micrescopy (TEM) 1s sometimes used for
agbestos counting because of the preatly enhanced power of resclution and
hecause the availability of technigques which may qualitatively differentiate
between asbestos and nonasbestos structures However, widespread use is
hampered by the relative high cost, limited awvailability of equipment and
trained technicians, and the lack of an adequately standardized method of
analysas The EPA has developed s provisional method for TEM analyeis of
asbestos!2) which requires a sample collection medium {polycarbonate)
different from that used for PCM NIOSH has also developed a TEM method,
gumber 7402, 13] using cellulose ester filters
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Cincinnati Board of Bducation

In the summer of 1983, the Cincinnati Public School Board contracted with
Gandee and Associrates to survey asbestos cond:itions in 8B4 facilities.
Asbestos—containing pipe and/or boiler lagpging was found in 76 of these
facilities; seven had asbestos—containing acoustical plaster, two had
asbestos—containing fireproofing, and one had asbestos—containing acoustical
ceiling tile It addition, there were numerous occurrences of miscellaneous
architectural (pressed asbestos-board, ashestos-cement sheeting, ete ) and
nonacrchitectursl (asbestos gloves, leggings, pot helders, paskets, ete )
materials in the facilities The Gandee repnrt[4l recommendations for
contralling thegse asbestos hazards included the removal of acoustical plaster
and fireproofing where there was significant deterioration, and the repainting
and repairing of acoustical plaster in some areas Also recommended was the
repair of damaged and/or exposed asbestos pipe and boiler insulation. It also
highly reconmended 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 in these facilities

At Sands Montessori School, Gandee reported damaged and exposed asbestos in
many of the occupied areas, in the pool areas, and in the boirler and fan

rooms  Samples of the boiler lagging and a bag of A.P Green cement
insulation found 'in the boller room were analyzed The cement was reported to
contain no asbestos and the boiler lagging to contain 5% chrysotile asbestos
An extensive cleanup and repair program was completed, including the
replacement of easily accessible lagging at lower elevations with metal clad
fiberglass insulation

In 1985, the School Board contracted the I & F Corporation to ramove
deteriorated pipe lagging and other asbestog materials  The management and
workers of this firm cooperated with the NIQOSH survey team during the
rensvation of four facilities. This report deals with observations and data
taken at one of those four facilities Sands Mcontegsor: Scheocl



I1 SITE AND PROCESS DESCRIPIION
SITE DESCRIPTION

During a walk-through wisit on June 4, 1985, the WIOSH survey team noted that
the remaining asbestos lagging was generally in good repair, however, there
were instances of torn or separated lagging at pipe i1nterfaces with walls and
structural members  Bulk samples of pipe lagping taken at the time of the
removal activity were analyzed with the following results In the Teachers
Lunchroom (lunchroom) the Airseal lagging contained 30-40 % chrysotile
asbestos and 40-50 % cellulose and other fibers, the joint cement contained
10-15 % chrysotile and only 1-2 % other fibers Pape lagzing in the boys'
restroom (boys room) contained 10-15% chrysotile and 1-2 % cellulose and other
fibers HNo actinolite/tremolite, amosite, or anthophyllite asbestos was
detected 1n these samples

The removal contract for the Sands Montessori School required approximately
2350 linear feet of asbestos pipe lagging to be removed from 12 majer rooms
and areas During this survey, removal opervations were observed in two rooms
located on the basement level, the lunchroom, and the boys room.

The pipe lagging in the lunchroom was of the Airseal type {corrugated asbestos
paper) There were large overhead ducts in one end of this reom  (During the
blown down period of the pre-removal survey a large cloud of dust was
generated in this area } The floor was tile

The lunchroom (Figure A) measured approximately 32'x 23'x 12', enclosing about
8832 cubic feet Insulation was removed from approximately 30" of 6-inch, 15°
of A-inch, 20' of 3-inch, and 85' of 2-inch pipe, including & T-jounts,

13 elbows, 10 pipe hangers, and 9 pipe/structure intersections

The boys room {Figure B} measured approximately 42'x 25'x 12', enclosing
12,000 cubic feet Insulation was removed from approximately 45' of 6-inch,
15* of 4-inch, 9" of 3-inch, and 53' of 2-inch pipe, includaing 6 T-jouints,
18 elbows, 4 pipe hangers, and 8 pipe/structure intersections

Pre- and post-removal studies were canducted in these rooms Although not
requirad by the specifications of work for this plove bag removal contract,
these "controlled areas" were 1solated 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 rooms were sealed wWith polyethylene
sheekting {poly) and duct tape, doors were hung with a two gheet poly baffle
Large storape cabinets in the lunchroom were isclated with paly
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PROCESS DESCRIPTION

Asbestos removal 16 a complex task which requires special knowledge and
exceptional contrals There 12 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
competent asbestos removal contractor is selected On-site monitoring and
control by the ocwner representative 18 very critical These prerequlsites
should be provided for orior to the start of the removal operations
Typically, the remaval work involves three phases+ preparation, removal, and
decontamination A generic description of the activities 15 summarized below
to provide a general overview of 1ndustry practices, however, each job will
vary with the specific circumstances Following this generic descriptioon is a
review of the removal operations observed at Sands Montessori Schogl

Generic Overview

Preparation—

The site 15 cleaned, cleared of all movable materials, and 1solated by sealing
of f all access with plastic sheeting taped to windows, air vents, doors, ete
Surfaces not involved in the removal are covered and sealed with plastic
sheeting {usually pelyethylene, commonly called “poly™) and the lighting
fixtures are removed Two entrance and egress contamination control
facilities are established one with showers and change rooms for petrsonnel
and the other for waste material handling.

Removal——

The asbectos—containing materials are wetted (zaturated, 1f possible) as they
are removed from the structures they cover, then the wet debris is collected
and removed from the area Work is accompliched in small inerements to avoid
accumulation of waste. In order to contain the faibers and to prevent
contaninating the outside air, the containment enclosure is maintained under
negative pressure and is exhausted outsaide the building through HEPA filters
Air should be exhausted in sufficient quant:ity and with consideration of the
flow patterns within the enclosure to optimize the benefits of dilution air in
reducing fiber concentration within the enclosure The EFA recommends four
air changes per hour, however, sole contractors use twice this amount  When
large air volumes cannot be exhausted, a portion of the air cleaning may be
performed by recirculating i1t through HEPA filters inside the work ates
sometimes local pickup at the peoint of releagse i= used Work should begin at
the point furthest from the exhaust and proceed toward the exhaust  The
workers inside the containment must wear appropriate, approved respiratory
protection, and protective clothing

Decontamination

The asbestos fibers remaihing after the removal operations zre completed must
be removed from surfaces and from the a3ir  This usually requires multaiple
cleaning and settling periods combined with continuwous air filtration All
contaminated waste must be dispased of in accordance with EPA and local
government regulations



Practiees Observed in this Study

Although there are no definite guidelines for glove bag use many of the abovwe
practices should also apply to this technique  CObservations from the present
study are summarized below

Preparation--

The contract for asbestes removal in Sands Montessor: School required the use
of glove bags as the primary contrel in liew of total room containment and
ventilataion It also required the installation of poly barriers in stairways
and hallways to separate the work area from the rest ¢f the bhuilding
Decontamination showers wera not required The floors under the pipe being
cleaned were usually coversd with poly to facilitate cleanup The removal
conkractor encloged all of the piping i1m an etivelope fabricated from poly
gheeting and duct tape belfore starting the removal The surface of the
lagging was misted with amended water (water containing wetting agents,
penetrants, and/or other asgents to enhance the wetting-down process) to
eontrol surface dust before enclosing it in the paly A length of poly
sheeting was brought up from under the pipe, folded over the pipe lagging, the
edges were rolled together and stapled to the top of the lapging forming a3
cylinder or envelope enclosaing the lagging Duct tape was used to seal the
iongitudinal seam The envelope was made to be a lecse fit around the
lagging The floor of the lunchroom was tiled and the cement floor of the
restroom included a drain which permitied easy washing down after HEPA
vacuuming, therefore, no floor covering Wwas provided

Removal-—

During the first day in the lunchroom the removal was accompl:ished using
Safety-Strip® bags following instructions received the week befors 1n the
Washburn Kindergarten room. The tools for cutting metal bands and lagging
were placed inside the glove bag, then the bag was hung from the pipe The
bag was zipped to form a sezl along the length of pipe and the bag ends
(zleeves) were strapped to the poly—jacketed pipe

Cne of the spray tanks was fitted with 10' - 15' hose so that i1t was
unnecessary to elevate 1t to the working level Thas allowed a support werker
on the floor to fill the sprayer with amended water and to pump up the
pressure, and greatly enhanced the abilaty and inciination of the removal
workers to use sufficient wetting to control fiber emissions

The poly-envelope and metal bands were removed and the lagging wetted The
lageging jacket was cut longitudinally along the full length of one preformed
block and cireumferential cuts were made with a wire saw or blade preferably
at the block joints. The jacket was removed, the asbestos block was sprayed,
then pried apart at the seam and lowered to the bottom of the bag  Amended
water was sprayed onto the lagging and the pipe was washed clean  Hard-to-
clean places were brushed with a nylon bristle bettle brush The end sleeve
straps were loosened and the bag was slid along the poly covered pipe to the
next removal site When a bag was filled with debris, the interior of the bag
was washed down and the bag was drawn together, using a HEPA filtered vacuum
system to evacuate the air and a strap te compress the bag, prior te releazing
the seal for removal from the pipe



Work in the boyg room during the following two days was accomplished using the
conventaonal bags with the exception that some Safety Strip® bags were uszed
for vertical sections The methodology used with the conventional bags was
modified by the experience with the Safety-sStrip® technique Uorkers
attempted to use straps rather than tape to seal the sleeveless bags against
the poly envelope  Workers continued to use a bhottle brugh for difficult
cleaning tasks Long hoses were added to the remaining two water spray
canistere The concrete floor was washaed down with a hose periodically

Decontamination——

The spilled makterial was removed from the floor with a HEPA wacuum cleanec
throughout the shift 4s the work was finished 1n each area, the floor was
wet mopped and the bhags of waste were removed from the enclosure prior to
post-removal axr sampling, The poly seals on windows, vents, and doors were
kept in place to minimize the interaction with the surrounding areas and
activities

POTENTIAL HAZARD ANO EXPOSURE CRITERIA
Uecupational Exposure Criteria

The twa gsources of oecupational exposure eriteria considered 1n this study
are (1) the NIOSH Recommended Exposure Limat (REL}, and (2) the Department
of Labor OSHA Permissible Exposure Limat (PEL)

WIOSH recommetnds that employee exposure to asbestos be reduced to the lowest
feasible limit, due to the careinogenic nature of this substance  The HIOSH
REL published in 1976 ts 0.1 fibetrs greater thanm 5 um 1n length per cubie
centinaeter (ficc).[5] WIOSH alsc recommends that an "ackion level™ of

0,01 £/cc be used when routine (nonaggressive) air quality sampling is
conducted 1nside buildings for screening purposes L8} Action to be taken
could be an increase in contrel surveillance, asbestes coufirmation by TEM,
gnd actions to reduce asbastos levels, 1f warranted

In 1985, the OSHA PEL was 2 ¢ faibers par cubiec centimeter (f/ec), greater than
S um in length, averaged over an S-hour work day, with 2 ceiling concenbteation
of 10 0 f/ce, not to be exceeded over a 15-minute period Thete was zlso a
provision for medical monitoring of workers routinely exposed to levels in
exeess of 0 1 £/ce

on June 20, 1984, OSHA i1ssued a revised standard PEL, which reduced the PCM
lavel ta 0 2 f/ce, as an B-hour time-weilghted average (TWA} exposure It also
sebt an action level of ¢ 1 €/ce that triggers worker training, medical
nonittoring, and other requirements The new standard does not set a ceiling
or short-term exposure limit

NIOSH submitted an ypdate on the recommended asbestos criterin at the DSHA
propoged rule-making hearings for asbestos in June 1984 [7] The yiosH
position 15 summarized below

The careinpgenie potential of asbestos 15 no longer in doubt; however,

there 15 some untertainty about the toxicological and morphelogical

10



proparties which determine the carcinogenic potency of various fibers
¥I0SH believes that on the basis of available information, there 13 no
scientific basis for differentiating between asbestos fiber types for
regulatory purposes Data available to date provide mo evidence for tha
axistence of & thresheld level  Virtually all levels of asbestos exposure
dtudied to date demonstrated an excess of asbestog-related diseasze.

NIOSH continues to believe that both ashestos and smoking are
independently capable of increasing the rask of lung cancer movritality
When exposure to both occurs, the combined effect, with respect to lung
cancer, appears to be multiplacative rather than additive  From the
evidence presented, we may conclude that asbestos 1s a carcinogen capahle
of causing lung cancer and mesothelioma, independent of smoking

NIOSH has recommended that asbestos be controlled to the lowest detectable
limit. It 15 our contention that there 13 no safe concentration of
exposure to asbestos Any standard, no matter how lew the concentration,
will not ensure absolute protection for all workers from developaing cancer
as a result of their vccupational exposure  However, lower expasures
carry lower risks

Since the only widely available method, NIOSH Method 7400,[1] 13 able to
achieve (intralaboratory) accuracy of 12 8% RSD at an exposure limit of
01 £/¢e (100,000 f/m3) 1n a 400 liter gsample, NIOSH and others have
recommended an exposure limit (REL) of O 1 f/cc for asbastos based on
B-hour time-weighted average concentrations 15] wWhile this :5 a well
understoed practice, we can not find ¢compelling arguments to prevent a
recomiendation based on alternative sampling periods In fact, such an
approach may provide more proteéction than an §-hour based sampling period
that allows short—term exposures 6 or 10 times greater than the B-hour
axposure limits being considered by OSHA Futthermere, since there is
uncertainty regardaing the cumulative dose reguired to initiate disease, it
seems teasonable to make every attempt to contrel exposures to as narcow a
range of concentrations ag possible One way to accomplish this 12 to
restrict the pariod over which workplace concentrations can be averaged
Personal samplanpg pumps are availsble, with flow rates up to 3 5 lpm,
which would allow a sampling time of two hours or less

Finally, we still believe that there are occasions, such as mixed fiber
exposures, where fiber specificity 18 necessary  Therefors, we recommend
the use of electron microscopy 1n the event of process or product
modification, 1n mixed fiher exposures, or when there are other ressons
for characterization of fiber type and morpholozy

Asbestos removal work fits both of the above-mentioned conditions where
electron microscopy 1s needed to characterize the fiber exposure environment
The fibers are comonly an unknown mixture of asbestos and other materials
The material being removed and conditions of remowval may vary from hour to
hour and room to voom, not to mention from site to site The wariability is
not anly a factor of the removal process, but also of the ariginal asbestos
treatment and the history of maintenance and deterioration from use

11



As noted, the otcupational oxpogsure criteris — the WIOSH HEL and the 0SHA PEL
~ are based on the readily availsble Phase Contrast Microscopy analytical
method  This method has inhecent limatations based on the physics of the
optical microscope and upen the ability of the counkers to reliably
digeriminate the specified length to width ratic 1n a complex sample matrix
The minimum diameter toutinely observed 15 on the order of 0 5 ym  The

MIOSH 7400 method stipulates that only fibers longer than 5 wm be counted
with a length to width ratio of either 3 1 (A" rules) or 5 1 ("B rules)

The "A™ Tules use the same aspect ratio as the current QSHA standard, and thus
have the advantapge of relating to current and haistorical compliance data

They have the potential disadvantage of counting particles that may cr may not
be asbestos fibers. As part of the TEM analytical methed used in this study,
the dimensions of all fibers counted were recorded A rough evaluation of
fiber counts indicates that the difference between the number of fibers having
an aspect ratio greater than 5-1 and those having an aspect ratio greater than
3:1 a5 usually less than 20% There are, however, several factors other than
aspect ratio that enter into the various counting methods, perhaps the most
rportant 1s that PCM counts include any fiber greater than 5 um observed,
whereas TEM counts include only fibers selected for crystalline asbestiform
1dentification. Therefore, 1t 15 not possible to predict A rule fFiber counts
based on repults obtained from B rule counting

Ancther concern i1s that minute asbestos fibrils (¢ § ym to O 02 wm 1n
digmeter and less than 1 um 1n length) are routinely visible only with
electron microscopy These fibrils constitute a variable, possibly a
significant proportion of the total fibers present in the removal

environment  Thus PCM, 1a 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 be counted) adds
further ambipuily

Although OZHA tegulations do not apply to governmental agencies, the EPA
adopted the O8HA standard in 1985 and the revised standard in February 1987 to
protect workers in Public Schools where ashbestos removal 1s performed

Environmental Exposure

The EPA also has established puidelines for clearance of asbestos removal
areas for reoccupancy of both praivate and publiec schools These were ficst
published as "recommended practices (Blw 1n 1984/85, the guidance was ko
perform viswal inspection followed by air sampling with PCM analysis The
level to be met was based on the lower limits of detection for the WIOSH
Method p&caM 239 [%] This ranged from 0 01 to 0 03 f/ec for the recommended
sample volumes of 1,000 to 3,000 liters

In the 1985/86 time period, s revised guidance was issued[10] which recopnized
the validity of NIOSH Method 7400 and recommended a 3,000 1 sample when using
the old P&GAM 239 methodology, in order to give a minlmum detection limit of

0 01 f/ec. This guirdance alse recommended using aggressive sampling methods,
with TEM analyses as the method of choice  Clearance levels for TEM were to
e no higher than ambient backgroumd levels measured at the same time
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In October 1986, the Asbestos Hazard Emergency Response Act was passed which
required EPA Lo set regulations for asbestos removal in schools On April
30,1987 a proposed rule was published in the Federal Reglsterilll for

comment It 1ncludes a proposed regulation for aggressive air sampling ta
determine 1f a response action {clearance procedure) has been satisfactorily
completed For two years after the rule becomes effective {(until Qetober 7,
1989), ™ .a local education agency (LEA} may analyze ait monitoring gamples
for clearance purposes by PCM to confirm completion of removal, encapsulation,
or enclosure of ACBM [asbestas—-containing building material] that 1s less than
or equal teo 3,000 square feet or 1,000 linear feet  The section shall ba
considered complete when the result of samples ceollecked in the affective
functional space show that the concentration of asbestos for each of five
samples is less than or equal to the limit of quantitation for PCM, or 0 01
f/ce of ayr ¢

After two years, the proposed EPA clearance rule, 1f adopted, will requare a
three-step process for using TEM to determine successful completion of a
removal response action (clearance procedure) After visual inspection, the
final two steps will anvolve a sequential evaluation of five samples taken
inside the work site, five samples taken outside the work site, two field
blanks, and one sealed blank. In the first stage of the analytical sequence,
final clearance could be granted 1f the average concentration of the inside
samples 15 below the "limit of quantitatien™ for the TEM method

The "“lim:it of quantitation" 1s proposed to be set at "4 timeg the analytical
sengitivity” of this method, apd the latter 13 stated to be no greater than

0 005 £/cc Therefore, the proposed clearance Limit for TEM, using & 3000 1
sample and a 37-mm filter, 15 4 X 0 Q05 f/fec = Q 02 £/cc The factor of 4,
based on the assumption that the polycarbonate media contamination level is
70-75 fibers/mm?, 1s proposed in arder to circumvent the usual laboratory
procedure to establish the level of contamination for each media lot by
replicate analyses TEM analyses are very expensive, and would greatly
increase the cost of clearance

In relatively clesn public buzldings and the surrounding ambient enviconment,
there are proportionally fewer larger airborne fibers due to settling out
Under these conditiong, 1t is nat at all reliable to presume that the ahsence
of fibers as measured by PCM assures that there are no thin fibers as well
For these conditions, the EPA has specified the use of the more scphisticated
electron microscopy method EM has higher resolution, and 15 thus capable of
detecting all of the ashestos fibers present, however, the analytical methods
are not as well standatdized nor 1s the equipment as readily available
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Iir METHODOLOGY

EVALUATION METHODS
Alr Sampling and Analysis

Workplace Sampling——

Personal and area air samples were collecked and analyvzed by Phase Contrast
Microscopy (PCH) in accordance with WIOSH Method 7400031 {using 25-mm
cassettes and cellulose ester filters) A Magiscan 11 automated counting
systom was intended for use as a screening tool and a number of samples were
analyzed using this system, however, lack of agreement with the PCM analysis,
under low fiber and light particulate loading, restricted i1ts use in thas
study A sequence of 2- or 3-hour, interior area and personal samples was
callected over a full work shift, using DuPont P-4000 personal sampling

pumps Approximately 400 liters of air were filtered, at 2 5 to 3 5 ilpm, for
personal samples and area samples When low concentrations were ewpected,
area camples were collected at flow rates of 2 O to 3 5 1lpm for approximately
8 to 16 hours for a total of approwximately 1,500 to 3,000 liters per sample
The area samples were taken in duplicate on two media 37-am polycarbonate
and 25-mm cellulose ester filters The 25-mm casgettes with 2-inch cowls were
wrapped with metal fcil Bs a precaution to minimize possible effects of static
electricity This sampling array was also used to collect area camples
adjacent to but outside the poly baffled entrance t¢ the room

Fre- and Post-Removal Sampling—-

Both pre- and post-removal envirommental evaluations were accomplished by
sampling for an 8-hour period i1n a nonaggressive mode, followed inmediately by
an 8-hour sampling period in the aggressive mode  Nonaggressive sampling is
performed 1n a quiescent atmosphere, allowing at least 24 hours for the room
to dry out if the sampling follows remeval and cleaning Aggressave sampling
wnvolves ths use of forced air eguipment, such as a leaf blower, to dislodge
free fibers from surfaces, and oscillating pedestal fens to keep the fihers
suspended during the B-hour sampling period

The samples were taken in triplicate on three media‘ 37-mm polycarbonate,
37-mm cellulose ester, and 25-mm cellulose aster filters The 25-mm cassettes
with 2-1nech cowls were wrapped with metal foil as a precaution teo minimize
possible effects of statiec electricity Six of the nine samples at each
station were collected at a rate of between 3 0 and 3 5 lpm, utilizing
individual limiting orifices The wvacuum source was a manifold connected to a
Gast 0483 vacuum pump in parallel with a smaller Thomas 106-83F pump The
other three samples {(ome of each filter type) at each station were collected
using DuPont P-4000 pumps at 2 5 to 3 5 1pm for 8 full howrs  Sampling
filters were hung face down in alternated positions from a ring which was
supported approximately 5 feet sbove the floor An air sample was collected
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on a cellulose ester filter located adjacent to but outgide the poly-baffiled
entrance te the reom during the post-removal sampling period Two side-by-
s1de ambient outdoor samples were collected during the lé—hour pericd on 25-mm
callulose eater £ilters

Air temperature and relative humidity were determined using an aspirated
psychrometer

Cellulose ester filters were analyzed using both Magiscan and PCM  All fibers
with a 5.1 {(or greater) length-to-width ratio were counted using NIOSH Method
7400-B counting rules  Selected cellulose ester samples were analyzed by TEM
using the modified Burdett and Rood method [12]

Polycarbonate filters were analyzed by the Yamate Revision to the EPA
Provisional TEM Method (7} The type and si1ze distribution for fibersg,
clusters, bundles, and clumps were reported from the TEM analyses Lavel I
analysis waz used to identify the amphibole, chrysotile, and nonasbestos
composition of each type

Real-Time Fiber Momitoring

GCA Fibreus Rerosol Monitors (FAM), Model Ho 1, were used to ohserve
variations of real-time fibrous aerosol concentrations  Two units were used
to gbserve the effect of pracess variations, a third was used to monitor fiber
contamination levels in the removal area  Metrosonics Model No 331 Data
Loggers were utilized to record sequential FAM readings

EVALUATION STRATEGY
Overview

Petsonal breathing zone and area air samples were taken within the work
enclosure to characterize the effectiveness of source controels Sampleg were
taken outside the work enclosure in adjoining hallways to determine the
potential interaction or contamination from activities outside 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 outzide the building to establish background levelsz. In
cooperation with the EPA, additaional samples were taken prior te and following
completion of the remowval work to assess the efficacy of the removal method
and to compare sanpling and analytical methods Because of time constraints,
and to pravide quantifiable comparisons, the post-removal samples were
collected after initial cleaning by the removal contractor {see the specific
nethods used section of the Process Description) but not after visual
clearance, as 18 requared for EPA final clearance measurements  Therefore,
the post-removal results do not represent the final clearance achieved by the
contractor However, they demonstrate the relative merits of the sampling and
analytical methads  Approxaimately 235 samples were taken over a 5-day period
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Parsonal Air Samples

Sequential 2- to 3-hour personal samples were taken daily for each of the four
workers In addition to these full shift, time-weighted average samples, about
eight 153-manute, short-term exposurs samples were collected daily  Worker
exposures were measured for the site preparakion and removal processes and for
cther associated activities  Other activities included waste collection and
disposal, decontaminatien, and equipment operaticn and maintenance About

14 to 16 gequential and short-term personal exposure samples were collected

for sach 5-to éa-hour work shift

Arez Air Samples

Area sir samples were taken during the removal aectivity, boeth inside and
outside the contrelled area A series of 2- to 3-hour daily interior (source)
samples were ¢ollected using a cart-mounted, mobile, sampling tree in the
proxamity of the removal activity to provide an indication of the
effectiveness of the source controls and the magnatude of expasure during
different activities. These samples were changed cn the same schedule as the
personal samples A similar series of aroa samples was collected 1n 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

ared Outside ambient background samples were taken through windows well
removad from the test area

Direct Reading Monitors

Direct reading Fibrous Aetosol Monitors {(FAM) were used to provide insight
into the correlation of various process and control parameters with the
short-term variations in Area concentrations One FAM with a data logper was
positicned adjacent to the interior work arees sample tree. The data logger
recorded sequential observations of the background fiber count inside the
enclosure Two cart-mounted, mobile FAMs were employed to deteet 10-manute
changes in fiber concentration in the wvieinity of the various work activities

Uge of Personal Protective Fquipment

Workers were not roguired and were not observed to wear protective equaipment
during the preparation stage, primarily covering the pipes with poly. When
removal ectivity was started in a room, all workers were requiced to wear
disposable coveralls and half face mask cartridge respirators equipped with
high efficiency cartridges

Identification of Safety Hazards
In addition to the evaluation of ashestoz dust exposure, work practices and
the potential for worker exposure to, and the control of, safety and other

hazards, such as heat stress, electrical hazards, hazardous surfaces, etc,
were qualitatively svaluated
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1V CONTROL TECHNOLOGY

Occupational eéxposures can he controlled by the application of a number of
well-known principles, including engineering measures, work practices,
Personal protection, and monitering  These principles may be applied at or
near the hazard source, to the general workplace environment, or at the point
of occupational exposutre to indaviduals Controls applied at the source of
the hagard, itncluding engineering measures {1 e , material substitution,
process/equipment modification, tsolation or automation, loeal ventiletion)
and work practices, are generally the preferred and most effective means of
control both 1n terms of occypational and environmental concerns  Gontrols
which may be applied to hazardous agents that have escaped into the workplace
environment include dalution ventilation, dust suppression, air filtration and
recirculation, and housekeeping Gontrol measures may also be applied hear
individual workers, including the use of remote control rooms, isolation
booths, supplied-air cabs, work practices, and personel protective equipment

In general, a system cowprised of the above control measures 1s 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
monitoring are important mechanisms for providing feedback concerning
effectiveness of the conttrols in use  Ongoing monitoring and maintenance of
controls te ensure their proper use and operstion, and the education and
commitment of both workers and management to occupational health are alseo
important ingredients of 4 complete, effectave, and durable control system

Asbestos removal workers are often required to work in areas where there 12 a
potential exposure to high levels of airborne asbestos fibers Therefore, 1t
18 1ncumbent upon the employers of these workers to ensure that procedures
which effectively reduce or eliminate exposure to asbestos and other hazardous
materials or Situations are used

Dust Exposure Control Strategy

In this gchool, workers' dust exposures were controlled at the sources of the
dust, in the general work environment, and at the worker

Source Controis

Potential sources of asbestog dust were controlled by enclosing the pipe
lagging in plastic sheeting before removing 1t from the pipes Plastic glove
hags were used to enclose and collect the pipe lagging during removal
activities The pipe lagging was webted with amended water prioc to, during,
and after 1ts removal from the pipes
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Containment it the Work Environment

To prevent geteral contamination of the school burlding by dust from the
removal operabtions in the skydy areas, overlapping plastic curktains were
placed on all deoors to halls er aother rooms  Additionally, all ventilation
registers and Windows were dealed with plastic sheeting and tape; immovable
furniture and fixtures were also covered with plastic sheeting

Personal Protective Equipment

Since the levels of worker exposure were unpredictable, and unexpected events
might cause excessive dust exposures, the removal workers and the field
investigatars used respirators hoth during removal operations and during
post-removal air sampling periods The removal workers used half-face dust
respirators with high efficiency dust filters NIOSH investigators used Racal
Arr Stream Powered Air Purifying Respiraters (Breatheasy-5%) with high
efficiency filters In addation, both the workers and the investigators wore
disposable Tyvek® coveralls which were replaced daily
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v FINDINGS AND OBSERVATIONS
FIELD BLANES AND LOWER LIMITS OF DETECTION

Raw data from PCM analysis are shown in Appendix A When analyses were
reported as less than the detection limat, values equal to half of the limat
of detection were entered, as noted, and computations were made using these
values  All of the 18 cellylose ester field blank PCM analyses were below the
detection limits, so that no correction for blanks was required

There iz 8 degree of uncertainty reparding the TEM analysis of polyearbonate
filters by the EPA provisionzl method  EPA conducted a workshop in Apral 1986
to review filter blank contamination Field and media blanks prepared from
the same lot of polycarbonate filter media used in thais study were analyzed by
several laboratories  There was an UneXpectedly high wariesbility in
analytical results both within and between the laboratories The workshop
participants digcussed possible causes of these findings 113]  yhile the
overall igsue could not be resolved, it 1s clear that standardizataion of
methedelogy was lacking and that contamination of the filter media waz a major
problem This subject will be sddressed more thorcughly in the final report
for this four-scheool project Because of this uncertainty i blank analyses,
no corrections were attempted in reporting the data in Appendix B

CONFIDENCE LIMITS

The PCM fiber counting technique 15 highly subkjecktive, results reflect the
training and experience of the rounter and intra and inter lsboratory quality
assurance The confidence limits are also dependent upon the sample loadinhg
{the number ¢f fibers on the filter) and may differ fer each sample

The ecoafficient of variation, GV, (also known as the relative standard
deyiation, R3D) has two components The process of counting randemly
(Poisson) distributed fibers on a filter surface will give 2 CV component
which 15 a function of the number of fibers counted The cther component of
variability comes from “subjective" differences from counter to counter and
from laboratory to laboratory. WNIOSH and UBIL, Ine , have demonstrated a PCM
analysis correlation of 0 91 and an interlaboretory coefficient of variation
of ¢ 41 for this study based on a 25 sample comparison  The UBTL, Inc ,
regults are about 1 5 times the NIOSH results at the 1% significance level
However, interlaboratory confidence limits vary widely In the absence of a
nown CV between laboratories a wvalue of €.45 183 used This would result in
Llower and upper 95% confidence limits of the mean on the order of one half and
three times the reported level, respectively I1]

Tahles A-1 and A-2 are included 1n Appendix A to provide the reader with an
sppraciation For the range of confidence 1limits whieh would apply to the mean
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result of a single sample analyzed by a group of laboratorles, assuming an
interlaboratory CV of 0 45 As shown 1n these taftes, the range varies with
the numbér of fikers counted and the sample volume

These tables can be used to approximate the range of confidence limits to be
applied when comparing the analvytical results of one laboratory to the mean of
analyses duplicated in other laboratories, The rangs 1ls a computed 95% upper
and lower limits based on a 10 grid or 100 fiber count and a subjective CV
componant of O 45 which i used in the abgence of a demonstrated CV between
the laboratories being compared [1! (See revision 2 of Reference 1 dated

May 1986 for a moere complete discussion of confidence limits } Computations
were made for a range of fiber counts using three sample wvolumes 400 1, the
appreoximate volume collected for half-shift samples, 1500 1, for full shift
pre- and post-remeoval and daily ambient samples, and 2500 1, for pre- and
post-removal double shift ambient samples

TEM analysis perfermed by a WIOSH counter for this study bas demenstrated an
intralaboratory CV of 0 35 for asbestos fiboers analiysis In general, there is
insufficient experience with TEM to fully establish interlaboratory confidence
limits, EPA has reported findings of studies which indicate an oversll OV af
about 1 5 with an analytical component of sbout 1 0§ The functional form used
in the preparation of the range of PCM confidence limits presented in Tables
A-1 and A-2 1n Appendix A may not hold for the greater variability associated
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 that the square root of
the asbestos concentration as determined by TEM 1s distributed az a normal
variable. Then, the approximate 95% confidence interval on the original scale
for a 1 25 f/cc TEM result on a 37-mm filter would be O to B 38 f/cc  Thas
comparas to a 0.638 to 3.913 f/cc interval shown in the Appendix A, Table A-2
for a 1 25 f£/cc PCM results on a 37/-mm filter

SAMPLING RESULIS
Work Activity

The results of analyses both by Magiscan and PCM are tabulated in Appendix A,
Table A-4 As previously drscussed, these levels are calculated from fiber
counts made using an aspect ration of 5:1, whereas the O5HA PEL 1s based an a
1-1 ratic (A rules)

Personal breathing zone time—weipghted average and short-term levels, as
determined by WIOSH methad 7400-B, are shown in Table 1 The TWaA wvalues
reported are for the actual sampling pefirods, approximately fave hours  These
levels are well below the 2,000,000 £/m3 [2 O frec] OSHA standard in effect
at the time of this study However, 11 of 12 are 1n excess of the new 200,000
f/m? [0 2 f£/cc) OSHA standard and all are in excess of the 100,000 f£/m3

action level The highest short-term breathing zone measurement exceeded
9,000,000 £/m3 and 14 of 19 exceeded 500,000 £/m3 As shown by the

activity summary for each worketr (Table 2}, the average level of worker
exposure from preparation activities was an order of magnitude lower than that
experienced during remaoval
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TABLE 1 ~ PERSONAL EXPOSURE MEASUREMENTE DURING PEEPARATION
AND REMOVAL OF PIPE LAGGING
AT SANDE MONTESSORI SCHOOQL

Exposure 15 reported as ffce using NIGSH 7400-B Method

WORKER TYPE* ACTIVITY JULY (1 JULY 02 JULY 03

# 1 TWA 0 345 0 554 0 799
ST PREPARATION G.01é
8T REMGVAL 1.0 0 15& 0 le7?
T REMDVAL 240

# 2 TWA 0 295 0 560 D 412
ST REMOVAL ¢ 711 QO 758

# 3 THA 0 343 0 Be3 0 475
ST PREFPARATION 0 Q17
8T REMOVAL O 447 318 o 71l
ST REMOVAL 1 27 0 911

# & TWA O 152 0 639 0.611
ST REMOVAL 0 933 2 44 0 22
ST REMCVAL 2 78 1 02
ST REMOVAL g 29%%

* TWA = Sequential, full-shift Time-Weighted-Average

A
3
I

15 Manute Shock-Term
The Short-Term sample reported was during an episode of high release
A 10-ft section of lagging separated from the pipe inside the poly
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TABLE 2Z PER3SONAL SAMPLING RESULTS BY ACTIVITY
AT SANDS MONTESSCORI SCHGOL

PCM Analysis+ £/cc using RICSH 7400-B Method

WORKER JULY J1L JULY 02 JULY Q3 MEAN MIN MAX ST Dk n*
LUNCHROOM BOYS ROOM
= ====== == = PREPARATION FOR PIPE LAGGING REMOVAL === == == = = =
1 0 011
2 0 Q0%
3 Q.004
4 0 0la
PREP
AVERAGE 0 gl Q01 O Q04 O QLo ¢ Q05 4
= === = = O = = = = & = PIPELAGGIHGREHOVAL o= = =2 =2 m = = = = = == =

1 0 165 0 260 D 799
1013 1 a7
AVG D 5563 U 554 0.79% 0 BG5S D,185 1 07 0 427 5
Z 0 40 0 263 0.412
0 50 D 315
AVE 0 444 o 289 0 412 0378 O 263 0.5 0.092 5§
3 D 505 D 457 0 475
D 519 110
AVG O 568 0 6631 D.475 D.631 0 457 1.14 0 270 5
4 0.241 0 452 D.811
0.287 0 951
AVG 0,265 0 639 0 e6ll 0D.508 0 241 0 951 0O 287 5
REMOVAL
AVERAGE D 468 0 604 0 574 D.528 D 1685 11 ¢ 301 20
AMBIENT 0.001 0 ool 0.001 0.001 6
* 8T D = Standard Deviatiom n = number of samples
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In conformity with the reports of the regults for the previously sucveyed
facilities in this project, the analyses of arez gamples by PCM and TEM
were to have been compasred in Tables 3A (for preparation) and 3B (for
removal } However, inconsistencies in the interlaboratary results of the
TEM analyses for this survey required a reecount of the filters Bacause
of limited funds, only the pre- and post-rempval aggressive samples were
reanalyzed by TEM. A more detailed analysis of the PCM and TEM
comparisons will be made in the final technical report for the four
school project

PCM results for mean levels near the workers were 583,000 f/m3 during removal
and 3,000 €/m3 during preparation In-room background sample means during
removal operations were 546,000 f/m3 and 7,000 f/m? during preparation The
mean background levels in the halls were 155,000 £/m3 and 5,000 £/m3
respectively, the ambient level cutside the building was 1,000 £/m3 As noted
earlier, during this survey removal work was also taking place in other rooms
opening into the same hallway It 15 likely that the elevated levels shown
here were influenced by emissions from these other work areas which were not
always isolated by the use of poly door flaps

Pre- and Post-Removal Sampling

one purpose of the pre- and post-removal study was to compare the evaluation
of post-removal conditions by the aggressive and nonaggressive sampliug
methods for both PCM and TEM sanalysaiz=, (A= noted ahove, only the aggregsive
sample TEM analyses were completed for this report )} The post-removal samples
were collected after initial ¢leaning (for purpose of clearance) by the
rempval contractor but befoere visuzl inspection and final clearance sampling
by the on-site industrial hygienist  Appendix B lists the anzlytical results
for aggressive sampling by TEM; the means for pre—- and post-removal TEM
measurements are shown in Table 4 The uncorrected TEM analyses of total
asbestos structures, averaged about 130,000 as/m? for both pre— and
post-remeval This Table also shows that the post-removal total asbestos
fiber concentration i1s about equivalent to the total asbestos structure
concentration, hence, after cleanup, most of the ashestos present was fibrous

Comparisen of pre- and post-removal PCM and avarlable TEM analytical results,
by room location, are shown in Table & The PCM levels of the apgressive
gamples are all equal to or bhigher than the nonaggressive samples in both the
pre- and post-removal samples As noted above, the post-removal results were
taken after the contractor completed cleaning, but bafore clearance testing by
the on-site industrial hygienist  Further cleaning may have been done 1if the
site failed clearance by visual ingpecilon or nonaggressive sampling with PCM
analysis The emphasis of the present work is on the effectiveness of
containment of the glove bag technique and hence on the comparison of ashestos
levels before and after the glove hag work 1s completed,

The lavals of aggressive samples for total asbestos structures axceeded the
ambient level of 5,000 f/m3 (0 005 f/ec) suggested as "typical™ by the
erAfl4) | The actual ambirent pre— and post-removal levels were confirmed to
be in agreement with the suggested ¢riteris by the TEM analyses af the June 13
and July 10 ambient samples, less than 2,000 as/m3 of air It should be

noted that the ambient TEM samples were collected on cellulcse ester filters
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TABLE 3A - AREA SAMPLING RESULIS
PREFARATION FOR PIFE LAGGING REMOVAL
AT SANDS MONTESSCQRI SCHOQL

Analysis  PCM using NIOSH 7400-8 Method {(f/ce)x,
TEM using EPA Provigsional Method {as/cc)*

JULY 1
LUNCHROOM
PCHM TEM
SAMPLING STTE fice as/ceo MEAN MIN MAX 8T D* h*
NEAER WORKERS
PCM ANALYSIS O 003 0003 O 0G3 O 004 O 000D 2
{TEM ANALYSIS NOT COMPLETED)
e = e m M om R Om O OE =D S M S E S S =B B B &S =E =2E 5 =E = "5 = = = = = =
ROOM {BRACKGROUND)
PCM ANALYSIS g 007 0 007 0.004 0D 009 € 003 2

{TEM ANALYSTS NOT COMPLETED)

HALL [(BACKGROUND)

PCM ANALYSTS 0 Q05 0 005 O 002 O GO9 O© Q03 2
{TEM AMALYSIS NOT COMPLETED)
======::::::2:======3==========:===
QUTDOOR _AMEIENT
PCM ANALYSIS 0 001 2
* f/ee = Total Fibers/cce asfec = Asbestos Structures/cc
ST D = Standard Deviation n = number of samples
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TABLE 4

MEAN ASBESTOS FIBER AND ASBESTOS STRUCTURE CONCENTRATIONS

AT SANDS MONTESSORI SCHOOL

Analysis by TEM using EPA Provisional Method

Sample Structuresfesn Fibars/ce

Pre Removal

Nonagegressive N/C R/C

Aggressive 0 13 o 08
Post Removal

Nonaggressive N/C N/C

Apgressive 0 13 g 11

o W = o dw e mm mm e e = i o ak eb em Bm am e e B o mm En omm

H/C — Analysis not completed
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There are presently no clear criteria for interpreting the health significance
of TEM total asbestos [iber counts, howaver

BCM analyses of nonaggressive sampling did not reveal an appraciable change in
the pre- and post-removal fiber counts The EPA guideline for clearance
sampling analyzed by PcMI9.10] js “every sample value i below the limit of
guantification (approximately 10,000 £/m3 {0 01 £/c¢c]) ™ Post-removal
nonaggressive PCM samples were Bll below the 10,000 total f/md level end
wguld, therafore, pass this criterion The aggregsive PCM sampling results
indicate a slightly increased post-removal level in lunchroom (20,000

£/m3)  All of the lunchroom samples (6) exceeded the 10,000 f£/m3

criterion and all of the samples {6) in the boys room were below Two of six
pre—-removal aggress:ive samples in each rpom exceeded 10,000 £/m3

OTHER CBSERVATIONS

Enganeering Conktrols

Two Lypes of glovebags were used during this survey Haine Safe-T-5trip® bags
were uged in the lunchroom during the first two days, work in the boys room
during the second and thicd days utilized six Disposalene® baps.

Work Practices

The survey team observed and intermittently wvideoctaped the work practices of
the removal crew A subjective evaluation of these practices based on
obzervation and review ¢f the tapes 12 summarized in Table &

TABLE &

EVALUATION OF WORK PRACTICER
AT SANDS ELEMENTARY SCHOCL

Date 771785 772785 7/3/85

Time AM / PM M/ PM AM / PM

Site <——Lunchroom—>/<——Boys rcom->

TASK WORE,_PRACTICE RATINGH

Prepare Pipe A/ — -4 - - f -

Install Bag g/ - A/ - A/ G
Wet Pipe Lagging -/ A B/ A a7 -
Ramove Lagging (uee of bag) -/ A A/ A G/ -
Move Bag -/ G -7 G G /7 A
Remove Bag -/ A G/ A A/ -
Clean Pipe -/ A G /G L
Decontamrnate Room -/ A G/ G G/ -
Number of Bags Removed o/ 3 £/ 3 3/ 0

# SUBJECTIVE RATING VALUEE P = POOR A = AVERAGE G = GOOD
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FAM measurements are being analyzed to determine the cotrelation of real-time
vbserved increases in fiber concentrations with work conditions and

activities The results of this analysis will be included in a summary report
to be written on the four school project

Monttoring

The removal contracktor's pregram for monitoring aicborne exposure to asbestos
in the work environment consisted of supplying the shift foreman with one
personal sampling pump. that pump wes nat used during the this study because
the survey team waz monitoring each of the workers However, the pump was not
adeguately maintained or calibrated to provide proper monitoring support

There is & need for training :f workers are to be assigned monitoring duties

The monitoring program of the Cincinnati Board of Education was implemented by
PEI Assoclates, Ine , under a consulting contract The contracted lewvel of

ef fort was to support one active saite abt a time, however, the removal
contractor received permission from the School District to work on four sites
gimiltaneously 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 sufficient to insure full compliance of the work specifications

Persanal Protectiom

Contractor personnel wore dispesable coveralls in the work area during removal
activities. In addition, eaeh employee was fitted with a half-face cartridge
respirator equipped with high efficiency filters which they wore during
rempval sctivities

Safety Congiderations

Safety hazards were typical of those asseciated with ingecure footing while
woTking omnt elevated platforms, ledges, and ladders  Work was often over or
around obstruetions such as sinks, commodes, light fixtures, ete. The use of
razor knives and stapling guns alse presented hazards to workers Staples
driven through the poly into the asbestos lagging presented a great potential
for injuries to the hands, care was required when removing the poly from the
lagging to avoid punctures and lacerations

Other Qbservatione

On the afternoon of July 2, approximately 15 feet of 6-inch pipe lagging fell
unexpectedly into the plastic envelope whaile removal was heing performed ak
another locatzon on this pipe The metal banding had been rvemoved from the
entire length of pipe at the time the envelope was installed This was bad
judgment, but 1t dad demonstrate the benefit of using the poly envelope
technique Had thig section of lageing fallen freely to the floor, a very
massive release of fibers could have ceourred and the cleanup effort waould
have been much morae dafficult In addition, one worker slit the envelope,
reached 1n, and attemptred to push the looze lagging toward the bag This was
noted and the slit was guickly sealed with duct tape before any lagging
dropped from the opening, however, an asbestos fiber release did occur A
short—time sample taken at that time showed an exposurs level exceeding 9 f/ecc.
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VI CONCLUSTONS AND RECOMMENDATIONS
SITE SPECIFIC

Ashestos exposure, as evidenced by personal breathing-zone sir samples
analyzed using NIOSH method 7400-B, showed afder-of-magnitude increases
depending upon the work activity  Asbestos fiber concentrations rosge from a
pre-removal level of O 001 [/ce to O 010 [/c¢ce during the preparation of the
pipe lagging for removal and to 0 528 f/cc during the actual removal in glove
bags These differences indicate that, as used in the present study, glove
baps did not provide complete containment of the asbestos being removed

There L5 no mathod to translate these results to what would be achieved had
the A rules (used for OSHA compliance} been used, however, the levels attained
during removal undoubtedly exceed the O0SHA PEL Workers did use respiratory
protection at that time and thus were probably protected from excessive
amounts of asbhestos

One purpoce of the study was to compare the post-removal conditions obtained
by the agpressive and nonaggressive sampling methcds using both PCHM and TEM
analysis. Mean aggressive sampling concentrations analyzed by PCHM ave
generally greater than means obtained by nonaggressive sampling for both pre-
and post-removal operations. Thig trend was also cbgerved in results using
TEM analygdes in prior studies, however, due to the analytical proklems
previously described, only aggressive TEM data 18 discussed here

The average level of the aggressive samples for total asbestos structures
exceeded the ambient level and the lavel suggested as "typical™ by the
EPa [14}

All twelve samples taken by the nonaggressive method analyzed by PCM are
below the 10,006 fibers/m3 EPA guideline and would pass clearance using
this gampling and analytical methed {These samples are also below the
HIOSH recommended action level of 0 01 f/¢c that would require additiohal
surverllance )

All of the post-removal samples (6) taken in the lunchroom by the
aggreszive method and analyzed by PCM are above the 10,000 fibers/m® EPA
guadeline and would have falled eclearance using this sampling and
analytical method

Based on these post-removel results, a work site would probably pass the
clearance guldeline regquirements with nonaggressive sampling analyzed by PCM,
it would possibly fail with aggressive ssmpling analyzed by PCM, and would
likely fai1l with TEM analyses of the aggressive sampling method
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When using TEM analysis, it is highly advisable o implement the EPA
recomuendation to evaluate the ambient asbestos fiber concentration oubgide
the work area as a reference for clearance requiremsnts[10]  This will
provide a more accurate basis for comparison because it reflects the local
conditions as determined by replicate analytical methods

¥ey work practices observed in this study which are haghly recommended include
Pre-mast all lagging with amended water.
Wrap all pape with poly prior to the start of removal work

Use & bag properly designed for the task {1 e., specially designed hags
for working around large valves or fittings).

Start with a clean empty bag at pipe interfaces with walls and eexling to
optimize bap flexibility and minitmize contaminstion potentaial

Moke cuts on preformed lageing blocks at the joanks to minimize fiber
genetration

Use long hoses on the amended water sprayers to optimize wetting
practrces, spray frequently during the removal task te assure that freshly
exposgsed materials are wekted,

Use a HEPA vacuum to contain fibers and to assast in cellapsing the glove
bag during bag removal,

Remove contaminated tools in an inverted glove for transfer to the next
glove bag

Based on thiz study, there are several options with potential for improving
glaove bag containment wmproved work practices, rmproved wetting of the
lagging before removal using an ihjection technique, and the use of glove bags
supplied waith negative air. One or more of these techniques are recormended
far additional evaluation

GEHERIC OR HOM-SITE SPECIFIG

Glopve bage are a useful engineering control to reduce worker exposure during
asbestos removal operations Considering the the work practices observed in
this study workers should (and did) use respiratory protection It is prudent
to use respiratory protection in any glove bag work because leakage of the
glove bag {which 1s not easily determined by real-time wmonatoring) or an
acecidental rupture of the bag or the seals will allow the workers to be
exposed to a known carcinogen  OSHA permats the use of high efficiency, air
purifying respirators for work with asbesgtos, however, NIOSH recpommends that
type C positive pregsure, supplied air respirstory protection be used when
carcinggens are presant
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This 1s thicd school surveyed, and the removal crew gained experiance with
each survey The limited expertise of the workers cbserved in the two
Previous surveys 1s probably typacal of infrequent glove bag users FPlant
maintenance, asbestos operations and mainktenance, and many asbestos removal
contractors would very likely encounter similar asbestos levels and incomplete
containment seen in these surveys This implies that secondacy containment

(z e , negative air barrier} should be used as an adjunct when such glove bag
work 1s performed As demonstrated in thic survey, experienced personnel wWith
proper training appear to be able to obtain better centainment

A number of work practices have been proposed for use with glove baggs that
were hot observed in this study  The following should be considered for
inereased assurance of control

Reguire documentation of epecifie trarning and experience for workers
using glove haps

Use enclosures with decontamination showers and negative alr on large
Jobs  On smaller jobs, at least seal off vents and wall or ceirling
openinga with poly and provide double hung poly curtains at the doors

Clean up accumulated debris prior to removal, this will reduce
resuspension of loose fibher accumulations

Proper elevated platforms and scaffolding must be provided where needed
Improvised platforms utilizing exasting structures should be dascouraged;
expediency should not override the safety of the workers

If the lageging 1s not fully wrapped with poly prior te removal, bhand the
lageging with tape at the places where the glove bag 1s to be attached
This will provide a cleaner edge to seal the open lagging, provide a
dart-free area for the affixing the tape that seals the glove bag, and
prevent fraying of the lagging when the sealing tape is removed

Test the effectivensss of the seals by pressure testing each installat:ion
of the hag (gently squeeze the bag to observe that the seal 1s tight)

Gonfirm the integrity of the glove bag installation technigue pariodically
by means of a smoke test (the frequency or number of bags to be tested
will depend on results): Fill the bag with smoke using a smoke tube
inside the bag, then apply gentle pressure to the bag to observa that the
seals are secure  The pressure applied should be consaistant wath the
forces exerted on the bag during the removal of the pipe lagging.

Use great care when metal bands, wires, or aluminum jacketing is
encountered to avoid lacerations to the hands or to the glove bag; sherp
edges should he folded i1n and gently placed i1n the bottom of the bhag.

The accumulation of debris and water in the glove bag should not exceed
the ability ofF the workere t¢ safely manipulate the bag as needed Bag
loading practices should reflect good judgment and experience, heavily
loaded bags create awkward and unsafe conditions., Where applicoble, the
bap may be supperted by the use of a platform andfor slings
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Use a HEPA vacuum to contain Eibers during all bag opening procedures stuch
a8 removal or movaing

Seal the ends of the lagping with "wektable cloth” (a4 plaster impregnated
firberglass webbing) or equivalent encapsulant, when partial removal
creates exposed ends

Uge a direct reading aercsal monater, such az a FaM, to detect failures in
control or econtainment so that on-the-spot correctrons canm be made

Decontaminate the work arsa thoroughly after the completion of the job
All contamination ghould be removed, whether it was caused by the removal
task or has accumulated over tine

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

frew size should be proper for the task, a minimum of two workers 1is
recommended where heavily loaded bages are anticipated or elevated work is
required Where two or more removal operationg are carried out in the
game area, an auxiliary werker mey be utilized to service the amended
water sprayers, te assist the others in moving or adjusting the gzlove
baga, and tc perform other miscellanecus tasks
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APPENDIX A

TABULATION OF DATA OBTAINED USING

PHASE CONTRAST WICROSCOPY (PCM)



Fibers Pibers/
counted
100 fds Failter
* 500500
x* 250000
* 100000
100 490485
80 39235
&0 25427
50 24522
40 19613
3¢ 14713
2D 9AGS
10 4004
Fi 3533
{(NTIOSH LOD)
3 1471
{UBTL LDD)

TABLE A-1

UPPER AND LOWER 95% CONFIDEWCE LIMITS FOR A SINGLE PCHM ANALYSIS
DSING NIOSH 740G6-B METHOD ON A 25mm CELLULOSE ESTER FILTER,
ASSUMING AN INTERLABORATORY SUBJEGTIVE COMPONENT OF 45 AND

1300 FIBERS/5q nim MAXIMUM ALLOWED LOADING (1,111,500 FIBERS/FILTER)

Factor for

Z5MM dia Lower Upper

Limat

-1

0.51

0.51

0.51

0.51

0.51

0.51

0.50

0.49

0 31

Limit

3.13

3.13

3.13

313

3.14

3.16

3.18

3.20

3.235

3.33

Mean and Range of Fibher Goncentrations withan
95% Confidence Laimits for Sample Volumes

400 liters
====’c': ffc.c:l ====

1.251
(D.638 - 3.91&)

0.625
{0.319 - 1 956)

0.250
(G.128 -~ 0.783)

0 123
(0.063 - 0 385)

0.098
(0.050 - O 308)

0 074
(0.038 ~ 0.234)

Q 061
(0.031 - 0.194]

0.044
(0.025 ~ 0,157}

0,037
(0.018 -~ 0,120

©.025
(0.012 -~ 0 083)

0 012
¢0.005 - 0 043)

0,009
{0 004 - 0 034)

O C04
(0,001 - 0.019)

1500 liters

=z==(ficc}=a==

0 334
{0170 - 1 Q45)

0 187
(0.085 - D 523)
0 067
(0.034 - 0,210)

0.033
{0 017 - 0 103)
0 026
(0.013 - O 082)
0 02
(O 010 —- O 063)
0.01s
(0.008 - 0.051)

0 013
(0 007 - 0.042)

001
(G 005 ~ 0 033)
O 007
(0,003 - O 023)
0 003
(0 001 - O 011)
¢ 002
(0 Q0L - 0 008)
0 003
(0 000 - 0.005)

2500 liters
===z(ffcc)$===

0 200
{0 102 - D &26)

0 100
(Q 051 - ¢ 313)

0 040
(0 020 - C0.125)

0.420
(0 010 — D 063)

0 016
(0 008 - ¢.050)

0.012
(0 006 - O 038)

0 010
(0,005 - 0.032)

a fea
(D 404 — 0 026)

0.006
(0 003 - 0.020)

Q 004
(0 g02 - ¢ 0133

0,002
(0.001 - ¢ 0072

0.061
{0 000 - O 004)

0.001
(0.000 - ¢ 005}



TABLE A-2

UPPER AND LOWER 95% CONFIDEWNCE LIMITS FOR A& SINGLE PCM ANALYSIS
USING NIOSH 7400-B METHOD ON A 37mm CELLULOSE ESTER FILTER,
ASSUMING AN INTERLABORATCRY SUBJECTIVE COMPONENT QF .45 AND
1300 FIBERS/sq mm MAXTMUM ALLOWED LOADING (1,111,500 FTBERS/FILTER)

Fibers
counted
/100G fds

Py Y

100

80

50

50

40

30

20

16

7

Fibers/

Factor for

3TMM dia Lower Upper

Filter

1111500

500Q00

250000

168917

87134

$5359

54459

43567

32875

21783

10892

T624

{NIOSH LOD)

3
(YUBTL LOD)

3268

51

51

31

51

.51

51

51

.50

49

47

43

.40

.31

Limit Limit

—_—m==

3 13

313

Mean and Range of Fiber Concentrations within
5% Gonfidence Limats for Sample Volumes.

A00 liters
::::(f ft:l'.‘_}:::s

2 179
{1.417 -~ 8

125
(0 638 - 3

0 625
(0 319 - 1

o 272
{(0.139 - @

a 218

{¢ 111 - Q.

0 163
{G.0B3 - 0

0 136
{0 069 - O

0 109

(0 055 - 0.

0.082
(004 -0

0 054

{0 025 - O,

0 o027
(0,012 - 0

o 019
(0 008 -0

0 008
(0 002 - 0

698)

913

936)

851}

685)

515)

432}

349)

267)

14}

096)

072)

037)

1500 liters

=z==(f/cec ) ====

0

{0

(0

0

(0

0.

{0

(9

(0

(0

(.

(0.

{0

9 741
3718 - 2 319)

0 331
170 - 1 042}

0 167
085 - @ 523)

0 073
037 - G.228)

0.058
030 — 0 182)

Q Qa4
Q22 - 0.139)

G Q36
013 - 0.1143

0,029
015 - 0,093)

0 922
011 - 0 Q72}

0 015
007 — 0.05)

3 Qa7
Q03 - 0.025)

O 005
002 — O QL19}

o 002
o0l ~ D 009)

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

01

(0 227

0
(0 102

0
(0 051

0
(0 022

0
(0 018

a
(Q.013

o
(0.011

0
{0 009

0
(0.006

0
{0 004

0
(0.002

o
{0 001

Dl

{0 00D

445
- 1,393)

2
- 0 626)

¢ 3133

044

035
- 0 110}

Qs
- O 082}

022
- 0 070)

017
— 0.054)

013
- 0.042)

009
- 0.030)

004

~ 0.014)

G403

- 0 011}

(*Le N
~ 0 DO5)



TABLE A-3

LEGEND FOR SANDS PCM DATA - APPENDIE A

LoG (S¢hoel and room location of sampled activity)
Sxxx Sands Sehool

TLR Teachers Lunch Room

TLG Teachers Lounge cutside window

BR Boys Rest Room

SAMPLE CLASS {sample locatlon, type, activity, and ID)
Location
FB Field Blank
IA Interior Area (Packground in the wocrk room }
0A Outside Area {(in the hall)
AM  Ambient (Ouatsade the buildang)
BZ Personal Breathing Zone
CT Mobile Samplang Cart {(proximate to work getivity}

Ackivaty

FRE Pre removal activity - Full term sample

PST Post removal activity - Full term sample

REM Removal work — Full term sequential sample

COV  Preperation, covering, cte, - Full term sequential
RMS Removal work — 15 minute shart term PBZ sample

COs Preperation, covering, ete - 15 minute short bterm BZ
SEQ Sample period covers sequential work activities

ID

AGGR Aggressive pampling mode
NAGR Nonaggressive samplitg mode
WESx Worker #ix BZ =ample

*x/xx  Actwal date of blank source

SAMPLE No Sample medla Identification code and number
AMYOR 25mn Cellulose Ester Filter, Sample Number xxx (With a foil
wrapped 2-inch cowll

Mxxx 37me Cellulose Ester Filter, Sample Number oot

Naoxx 37mm Polycarbonate Filter, Sample Numher xx
RATE sample flow rate in liters per minute (lpm)
VoL Sample volume in liters (1)

PCM 7400-B Fhase Contrast Microscopy analytical results using WIGSH Method
7400-R counting rules in total fibers per cubic centimeter

MAGISCAN II Magiscan IT 1s a computerized image analysis system for PCM,
results ain total fibers per cubic centimeter

UBTL PCM analysis performed by Utah Biological Testing Labs
NIOEH PCH analysis performeq in the NIOSH Lahoratory
POL Particulate Cverload - Unable to count
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APPENDIX B

TABULATION OF DATA OBTAINED USING

TRANSMISSION ELECTRON MICROSCOPY (TEM)
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