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I INTRODUCTION

The primary Federal agency engaped 1n occupational safety and health research
12 the Hational Institute for Occupational Safety and Health (NIOSH) It was
astablished 1n the Department of Health and Human Services by the Occupaticnal
Safety and Health Act of 1970 This legislation mandated NIOSH to conduct a
number of regearch and education programs separate from the standard setting
and enforecement functions conducted by the Occupational Safety and Health
Administration {OSHA) in the Department of Labor An important area of NIOSH
research deals with methods for contrelling ecccupational exposure teo potential
chemical and physical hazards The Engineering Control Technology Branch
{ECTE) of the Division of Physical Scirences and Engineering has been given the
lead within NIQSH to study the engaineering aspects of health hazard prevention
and control In a number of cases, including the present research on aghestos
removal, NIOSH control technalogy studies have been performed in cellaboration
with the Environmental Protection Agency (EPA}

Since 1976, ECTE has conducted assessments of healbth hazard control technology
on the basis of industry, common industraal process, or gpecific control
tachniques  Examples of these completed studies include the foundry industry,
various chemical manufacturing or processing operations, spray painting; and
the recireulation of exhaust air. The objective of each of these studies has
been to document and evaluate effective contrel techniques for potential
health hazards i1n the 1ndustry or process of interest, and to create a more
general awareness of the need [or or availability of an effective system of
hazard control measures

These studies involve a number of steps or phases  When 4 perceived need for
resesrch is identified, a literature and/or pilet study is undertaken to
assess the need for bench research and/or validation of existing technigques
If 1t 15 determined that field studies are needed, a series of walk-through
surveys 1s conducted to select facilities, plants, or processes with effective
and potentially transferable control concepts or techniques  Wext, in-depth
surveys are conducted to determine both the control parameters and the
effectiveness of these conbrols The reports from these in-depth surveys are
then used as a3 basis for preparing technical reports and journal articles on
egffective hazard control measures  Ultimately, the information from these
regsarch activaities increases the data base of publicly available informakiomn
on hazard control techniques for use by health professionals who are
responsible for preventing occupational illness and 1njury

The overall objective of the present study wae to evaluate the efficacy of
controls used by the asbestos gbatement industry to constrain asbestos
contamination at its source The purpose of this specifie survey was to
determine the effectiveness of the glove bag method to control and reduce
occupational exposure to asbestos dust during the removal of ashestos pipe
lageging from a public school buildang



The EPA has interest in methods that control emissions created by asbestos
removal operations in order to protect the health ¢of the genesral population
and environment To assist this Agency, two facets were added to the scope of
work to determine 1f ambient atmospheric asbestos concentrations were
affected by the removal activities, and to assist in the development of an
improved analytical method for the measurement of zirborne cencentrations of
ashestos The EPA {Manufacturing and Service Industries Branch of the
Industrial Wastes and Toxics Technology Division in the Office of Research and
Development} provided financial and technical suppert for this project by
means of an Interageney Agreement with NIOSH (ECTB)

BACEGROUND
Technical

A pilot study of asbestos abatement operations conducted by ECTB in 1984
revealed that many novel approaches have been and are beaing developed to
control asbestos dust exposure to workers removing asbestos-containing
materials Iwe principles in general use are wetting and negative pressure
Wetting utilizes fluids to soak or saturate asbestos-containing materials
before and during the removal of these materials tc reduce the potential for
the asbestos fibers to become airborne  Wegative pressure utilizes fans or
vacuum devices to exhaust contaminated air from enclosed or controlled areas
and to draw clean air into these areas in order to contain and reduce airborne
agsbestos, exhausted air g Ffiltered through high efficiency particulate air
(HEPA) filters before being released tc the atmosphere

Evaluation of controls applied at the source of contaminant emission, such as
isolation or local ventilation, is of particular interest since these are
generally most effective 1n controlling both ¢ecupational exposure and
environmentsl releases. One important subset of asbestos abatement activaities
requited the removal of pipe lagging, 1 &., ashbestos-contaitiing materials used
to 1nsulate pipes carrying heated or refrigerated liquids or vapors Glove
bags were develeoped specifically as source contrals £or this use  These are
large plastic bags which can be sealed around the materials to be removed
Workers manipulate tools insgide the bag to remove the lagging using the long
gloves sealed into the body of the bag The debris then falls to the bottom
of the bag and 1s contained by it for final disposal 1n a sanitary landfall
@Glove bags are widely used both in building abatement and in operaticn and
maintenance of bhoilers, industrial plants, ete They are often used in such
grtuations without secondary containment {such as plastic barriers and
negative air) and thus their performance may be extremely important to
asguring the safety of workers i1in many workplaces Por this reason, they wWere
selected for evaluation inm this present study

Environmental Regulaktion

The EPA has been involved 1n activities to reduce ashestos emissions and
contamination of the environment for many years A major concern of thas
Agency 15 the degradation or disturbance of in-place ashestos—containing
materials in buildings which may result in airborne asbestes concentrations
several orders of magnitude higher than ambient levels outside the building.



Although no new asbestos fireproofing is used 1n bulldings teday, the eventual
removal of existing in-place asbestos 15 a major technical and economic
dilemma. A part of the Toxic Substances and Contrel Act kKnown as the
Asbestos-1n—-Schools rule requires all primary and secondary schoals, both
private and publiec, to inspect the buildings for ashestos-contalning materials,
document the [indings, and inform the employees and the PTA or parents

In the past, rather than promulgate specifie repulations for asbestos
ahatement activities, the EPA preferred to provide “Guidance Documents™ which
represented the "best engineering judgment™ approach at the time Bagsed on
these guidelines, ashestos-containing materials can be  {1) laft in place and
an operation and maintenance program established, (2} encapsulated with a
penetrating or bradging chemical, (3) enclosed Lo prevent access to public or
to airflow, or {(4) removed Any abatement technique other than removal should
be viewed a5 a temporary measure since recent regulations require the removal
of asbestos-containing materials prier to demclition of the building

Because the long-term efficacy of current control methods for ashestos removal
15 hot well known, the EPA funded an addition to the present study to document
the effectiveness vf glove bags in reducing risk to the environment The
specific issue 1s whether there 15 less free asbhestos in the room after
removal than tefore  This required the measyrement of the agbestos faiber
concentrations 1n worlk areas before asbestos removsal was started and after the
activities were completed. These nmeasurements are described subsequently
under the subheading, "Methodology "

Analytical

Another adjunct to this study was to utilize several analytical methods to
determine airborne ashestos fiber concentrations Phase Contrast Mieroscopy
(PCM) methods have historically been used for this purpnse and are the basis
for the Occupational Safety apd Heslth Administration (OSHA) permissible
exposure level (PEL} This method utilizes an optical microscope to manually
count the number of fibers greater than 5 maicrometers (um) in length and
with an aspect ratio of at least 3.1 (length to width) supported on celluloze
ester firlter media, Under NIOSH method 7400, a ratio of either 3 1 (A rules)
or 5 1 (B rules) may be used [1}  The B rules were used for data reported
herein because the analytical services used believe that a more reproducible
ashbegtos [iber count can be obtained under these conditions As discusszed
later, A rule Iiber ccounts cannot be estimated from B rule results

The number of fibers which can be ohserved 1s limited by the resolving power
af the miceroscope. Very thin fibers (less than 0.2 um wide) cannot be
ocbserved by PCM Transmission Electron Microgcopy (TEM) 15 sometimes used [or
ashestos counting because of the greatly enhanced power of resolution and
because the avairlabality of technigues which may qualitatively differentiate
between asbestos and nonasbestos structures However, widespread use 1s
hampered by the relative hiph cost, limited availability of equipment and
trained technicians, and the lack of an adequately standsrdized method of
analyzis The EPA has developed a provisional method for TEM analysais of
asbestos[2] which requires a sample collection medium (polycarbonate)
different from that used for PCM  NIOSH has alsoc developed a TEM method,
Number ?&02,[3] using cellulose ester filters
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Cincinnati Board of Education

In the sommer of 1983, the Cincinnati Public School Board contracted with
Gandee and Assoctiates to survey asbestos conditions in B4 facilities
Asbestos—containing pipe and/otr boiler lagging was found in 76 of these
facilities; seven had asbestos-contarning scoustical plaster, two had
asbestos—containing [ireproofing, and one had asbestos-containing acoustical
ceiling tile In addition, there were numerous occurrences of miscellaneous
architectyural (pressed asbestos-board, asbestos-cement sheeting, ete ) and
nonarchiteetural (ashestos gloves, leggings, pot holders, gaskets, ekc )
materials in the facilities The Gandee reportl4] recommendations for
controlling these ashestos hazards included the removal of acoustical plaster
and fireproofing where there was significant deterioration, and the repainting
and repairing of acoustieal plaster in some areas Also recommended was the
repair of dameged and/or expcsed asbestos pipe and boller insylation., It also
highly recomiended the establishment of an asbestos hazard management program
which would provide for employee training and the monitoring and management of
all ashestos materials that remain in these facilities

At Winton Place Elementary School, Gandee reported damaged and exposed
asbestos in many of the occupied areas, in the beiler room, coal room, and fan
reom, The repcrt emphasized that lagging was to be assumed to be asbestos and
that ceiling tile were not required to be analyzed unless they were
deteriorated. Samples of the boiler lagging and the ceiling tile in the
playroom were taken; however, only the ceiling tile was analyzed Tt was
reported to ¢ontain cellulose and mineral wool but no asbestes  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 Schocl Beoard contracted the I&F Gorporation to remove
deteriorated pipe lagging and other asbestos materials  The management and
workers af this firm cooperated with the NIOSH survey team during the
renovation of four facilities This report deals with observations and data
taken at ome of these four facilities Winton Place Elementary School



II. SITE AND PROCESS DESCRIPTION

SITE DESCRIPIION

During a walk-through wisit on June 4, 1398%, the NIOSH survey team noted that
the remaining achestos lapgping was generzlly in good repair; however, there
were i1nstances of torn or separated lagging at pipe interfaces with walls and
structural members Bulk samples of pipe lagging taken at the time of the
removal activity were znalyzed as follows A sample from the girls restroom
indicated about 5% chrysotile and 15-20% cellulose and other fibers, and the
remainder to he nonfibrous material A sample from the hoys restroom
coentained approximately 20% chrysotile and 10-15% cellulose and other fibers
A sample from Rocm 14 windicated 5-7% chrysotile asbestos and 2-3% cellulose
and other fibers No actinolite/tremolite, amosite, or anthophyllite ashbestos
forms were detected in these samples

The removal contract for the criginal building at Winton Place Elementary
School (constructed in 1887} reduired approximately 710 linear feet of
asbestos pipe lagging to be removed from 10 major rooms and areas. During
this survey, removal operations were observed in three rooms located on the
bazement level, the girls restroom (girls room), the Special Education room
(room 14), and the boys restroom {(boy=z rcom)

Pre- and post-removal studies were conducted in these rooms  Although not
required by the specifications of work for this glove bag removal contract,
these "controlled areas" were i1spolated to minimize the interaction with areas
and activities outside the study area, at the reguest of the survey team  All
air ducts, holes, and windows in these rooms were sealed with polyethylene
gsheeting {poly) and duct tape, doors were hung with a two-sheet poly baffle

Tha girls raocm (Figure A) measured approximately 29'x 25'x 11', enclosing 7975
cubic feet Insulation was removed from approximately 42' of 3-inch, 9' of
2-inch, and 14 of 1_5%-inch pipe, including 4 T-joints, 10 elbows, 4 pipe
hangers, and 5 pipesstructure intersections

The boys room (Figure B) measured approximately 29'x 24'x 11', enclosing 7656
cubic feet Insulation was removed from approximately 50° of 3-inch, 28' of
2-inch, and 4' of 1 5-inch paipe, i1ncluding 6 T-joints, 11 elbows, 4 pipe
hangers, and 6 pipefstructure intersections

Koom 14 (Figure C) measured approximately 30'x 25'x 9', enclosing é750 cubic
faet Insulation was remeved from spproximately 3Q' of S5-inch, 50' of 3-ineh,
28* of Z-ainch, and 5' of 1 5-inch pipe, i1ncluding 5 T-joints, 10 slbows,

4 pipe hangers, and % paipe/structure intersections



Figure A

Plot of Piping Layout 1in Girls' Rest Room {Girls Ropom}
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Figure B

Plet of Piping Layout 1n Boys' Room (Boys Room)
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Figure C
Plot of Piping Layout in Independent Learning Room (Room 14)
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PROCESS DESCRIPTION

Asbestos vemoval is a complex task which requires special knowledge and
exXceptional conkrols There 15 & need for careful planning by an expert
consultant to assure that the building owner, occupants, and removal workere
are protected by a definttive and complete specification of work and that a
competent asbestos removal contractor is selected. On-site monitoring and
canttol by the owmer cvepresentative 15 wvery critical. These prereguisites
should be provided for prior to the start of the removal operations
Typically, the remeval work invelves three phases  preparation, removal, and
decontanination. A generic description of these activaitlies is summarized
belew to provide an overview of industry practices, however, each job will
vary with the specific eircumstances Following this generic deseription 15 a
review of the removal operations observed at Winton Place Elementary Schowol.

Generic Overview

Freparation—

The site 12 cleaned, cleared of all movable materials, and isclated by sealing
off all access with plastic sheeting taped to windows, air vents, doors, ete
Surfaces not involved in the removal are coverad and sealed with plastic
gsheeting (usually polyethylene, commonly called "poly") and the laghting
fixtures are removed Two entrance and egress contamination control
facilities are estsblished: one with showers and change roomz for personnel
and the other for waste material handling

Removal ——

The asbestos-containing materials are wetted (saturated, 1f possible) as they
are removed from the ztructures they cover, then the wet debris is collected
and removed from the area. Work 1z accomplished in smell increments to avoad
accumulation of waste. In order to contain the fibers and to prevent
contaminating the outside air, the containment enclosure 1s maintained under
negative pressure and 1s exhausted outside the building through HEPA filters
Air ghould be exhausted n gufficient quantity and with consideration of the
flow patterns within the enclosure to optimize the benefits of dilution gir in
reducing fiber concentration within the enclosure. The EPA recommends four
air changes per hour, however, zome contractors use twice this amount When
large air volumes cannot be exhausted, a poertion of the air cleaning may be
performed by recirculating it through HEPA filtets inside the work area
Sometimes local pickup at the point of releasa is used Work should begin at
the point furthest from the exhaust and proceed toward the exhaust The
workers inside the containment mugt wear appropriate, approved respiratory
protection, and protective clothing

Decontamination—-

The ashestos fibers remaining after the removal operations are completed must
ba removed from surfaces and from the air This usually requires multiple
eleaning and settling periods combined with continupus air £iltration All
contaminated waste must be disposed of in accordance with EPA and local
government regulations



Practices dbserved in this survey

Although there are no definaite puirdelines for glove bag usa many of the above
practices should also apply to this technique  Observations from the present
study are summarized below

Preparation——

The contract for acbestos remowval in Winton Place Elementary School required
the use of glove bags as the primary control in lieu aof total roam econtainment
and ventilation It also required the installation of poly barriers in
stairways and hallways to separate the work area from the rest of the
building Decontamination showers were not required  The floors under the
pipe being cleaned were usually covered with poly to facilitate eleanup The
removal contracteor enclesed all of the piping in an envelope fabricated from
poly sheeting and duct tzpe before starting the removal The surface of the
lagping was misted with amended water (water containing wetting agents,
penetrants, and/or other agents to enhance the wetting-down process) to
cantrol surface dust before enclosing i1t in the poly A length of poly
sheet:ing Was brought up from under the pipe, folded over the pipe lagging, the
edges were rolled together and stapled to the top of the lagging forming a
cylinder or envelope enclaosing the lagging Duct tape was used to seal the
longitudinal seam. The envelope was made to be a locse fit around the lagpging

Raemoval—-—

On the first day, preparation and removal in the girls room was completed and
room 14 was prepared for removal., During the second day removal was completed
in room 14, on the third day the boys room was prepared and removal

completed. The work practices used were developed from removal activities
during the previous three weeks, such zas

The tcols for cutting metzl bands and lagging were placed inside the glove
bag, then the bag was hung from the pipe  Depending on the type of bag, it
was taped or zipped to form a seal along the lemgth ¢f pape and then the bag
ends {sleeves) were taped or strapped to the poly-jacketed pipe. Warkers
preferred to use zstraps for sealing the bag ends

The sprayers were fitted with 10' to 15" hoses so that the tanks did not have
to be elevated to the weorking level, This allowed a support worker at floor
leyel to £111 the sprayer with amended water and pump up the ptessure, and
greatly enhanced the ability and inclination of the removal workers to use
sufficient watting for control of fiber emissions

The poly-envelope and metal bands were remaved and the lagging wetted The
lagzing jacket was cut longitudinally along the full length of one preformed
hlock and circumferential 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 hottom of the bag  Amended
water was sprayed onto the lagging and the pipe was washed e¢lean  Hard-to-
clean places were brushed with a nylon bristle bottle brush The end sleeve
straps were loosened and the bag was s51id along the poly covered pipe to the
next. removal site When a bag was filled with debris, the interior of the bag
wag waghed down and the bag was drawn together, using a HEPA filtered vacuum
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system to evacuate the air and a strap to compress the bag, prior to releasing
the seal for removal from the pipe

Decontamination——

The gpilled materizl was removed from the floor with a HEPA vacuum cleaner
throughout the shift  As the work was finished i1n each area, the floor was
wet mopped and tha bags of waste were removed from the enclosure priecr Lo
pest-removal air sampling. The poly seals on windows, vents, and doors were
kept 1in place to minimize the interaction with the surrgunding areas and
activities

POTENTTAL HAZARD AWND EXPOSURE CRITERIA
Occupational Expasura

The two sources of occupational exposure criteria considered in this study
are: {1} the NIOSH Recommended Exposure Limit (REL), and (2) the Department
of Labor OSHA Permissible Exposute Limit (PEL)

WIOSH recommends that employee exposure to asbestos be reduced to the lowest
feasible limit, due toe the carcinogenic nature of this substance  The NIOSH
REL poblished in 1976 15 0 1 fibers greater than 5 um in length per cubie
centimeter (§/ecc) (5] HIOSH elso recommends that an “action level™ of

0 01 f/cc be used when routine (nonaggressive) air quality sampling 1=
conducted inside buirldings for screening purposes 16}  Action to be taken
could be an inerease in contrel surveillance, ashestos confirmation by TEM,
and actiong to reduce asbestos levels, 1f warranted

In 1985, the 0SHA PEL was 2 ¢ fibers per cubie centimeter {(f/ce), greater than
5 um 1in length, averaged over an 8-hour work day, with a ceiling concentration
of 10 0 f/ecc, not to be exceeded over a 15-minute period There was also a
provision for medical monatering of workers routinely exposed to levels in
excesg of 0 1 f£/ce

On June 20, 1986, OSHA 1ssued 2 revised standard PEL, which reduced the PCM
level to 0 2 f/ec, ag an 8-heur time-weighted aversge (IWA) exposure It alsa
get an sction level of 0 1 f/ce that triggers worker training, medical
monltoring, and other requiremenks The new siandard does not set a celling
or short-term exposure limait

NIOSH provided an update on the recommended asbestos craiteria at the OSHA
proposed rule-making hearings for asbestos in June 1084 (7] The NIQSH
paosition 1s summarized below,

The careitopenic patential of asbesteos i1s no longer in doubt, however,
there ig some uncertainty about the toxacological and morphological
properties which determine the carcinogenic potency of various fibers
NIOSH heliaves that on the basis of available information, there 15 no
scientifie basis for differentiating between asbestos fiber types for
regulatory purposes Data svailable to date provide no evidence for the
existence of a threshold level. Virtually all levels of asbestes exposure
studied to date demonstrated an excess of asbestos—related disease
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NIOSH continues to believe that both asbestez and smoking are
independentliy capable of increasing the risk of lung cancer morkality
When expesure to both occurs, the combaned effect, with regpect to lung
cancer, appears to be multiplicative rather than add:itive From the
evidence presented, we may conclude that asbestos 15 a carcinogen capable
of causing lung cancer and mesothelioma, independent of smoking

NICSH has recommended that ashestos be controlled to the lowest detectable
limat It 15 our contention that there is no safe concentration of
exposure to asbestos Any standerd, no matter how low the concentration,
will not ensure abgolute protection for all workers from developing cancer
as a result of their ocecupational exposure However, lower exposures
carcy lower cisks.

Sance the only widely available method, NIOSH Method ?hBO,[ll is able to
achieve {intralaboratory) accuracy of 12 8% RSD at an exposure limit of
0.1 £/7ce (100,000 £/m3) tn a 400 liter sample, WI0SH and others have
recommended an exposure lamat (RBEL} of 0 1 f/cc for asbestous based on
8-hour time-weighted average concentrations 15} while this 1s a well
understood practice, we can not find compelling arguments to prevent a
recommendation based on alternative samplang periods In fa¢t, such an
approach may provide more protection than an B-hour based sampling petiod
that allows short-term exposures 6 or 10 times greater than the B-hour
exposure Limits being coneidered by 0SHA  Furthermore, since there is
uncertainty regarding the cumulative dose required to initiate disease, it
seepms reasonable Lo make every attempt to conktrol exposures to as marrow &
range of concentrations as possible. One way to accomplish this i1s to
restrict the period over which workplace concentrations can be averaged
Personal sampling pumps are available, with flow rates up to 3 5 lpm,
which would allow a sampling time of two hours or less

Finally, we staill believe that there are occasions, such as mixed fiber
exposures, where fiber specificity is necessary. Therefore, we recormend
the use of electron microseopy in the event of process or product
medification, in mixed fiber exposures, or when there are cther reasons
for characterization of fiber type std morphology

Asbastos removal work fits hoth of the above-mentioned conditions where
electron microscopy 15 needed to characterize the fiber exposure enviromment
The fibers are commonly an unknown mixture of ashbestos and other materials
The material being removed and conditions of removal may vary from hour to
hour and reom to room, not ta mention from site to Site  The variability as
not only a factor of the removal process, but also of the original ashestos
treatment and the histery of masntenantse and deterioration from use

As noted, the occupational exposure criter:a - the NIOSH REL and the OSHA
FEL - are based on the readily avarlable Phase Contrast Microscopy analytical
method Thrs methoed has inherent limitations based on the physics of the
cptical microscope and upon the ability of the ecounters to reliably
discraiminate the specified length to width ratio in a2 complex sample matrix
The manimum diameter routinely observed is on the order of O 5 ym  The
NIOSH 7400 method stipulates that only fibers longer than 5 ym be counted
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with a length to width ratio of either 3¢1 (A" rules} or 5-1 ("B" rules).

The A" rules use the same aspect ratio as the current 0SHA standard, and thus
have the advantage of relatang to current and histotical compliance data

They have the potential disadvantage of éounting particles that may or may not
be asbestos fibers. As part of the TEM analytical method used in this study,
the dimensions of all fibters counted were recorded A rough estimation of
fiber counts indicates that the difference between the number of fibers having
an aspeck ratio greater than 5 1 and those having an aspect ratioc greater than
3:1 i¢ usually less than 20% There are, however, several factors other than
aspect ratio that enter into the various counting methods, perhaps the most
1mportant 1s that POM counts include any fiber preater than 5 wn observed,
whereas TEM counts include only fibers selected for crystalline asbestaifarm
identification Therefore, it 13 not possible teo predict A rule fiber counts
based on B rule counting results

dnather concern is that minute ashestos Fibrils (0.5 pm to 0.02 uym in
diameter and less than 1 ym i1n length) are wisible only with electron
mieroscopy These fibrils constitute a wvaraiable, possibly a siznificant
proportion of the tetal fibers present in the removil environment Thus PCM,
in counting only cptically wvisible 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 ambiguity.

Although GSHA regulations do not apply to povernmental agencies, the EPA
adopted the O8HA standard in 1985 and the revised standard in February 1987 to
protect workers in Public Schools where asbegstos removal i performed

Environmental Exposure

The EPA also has established guidelines for clearance of asbestos removal
areas for reocccupancy of Both pravate and publie schools These were first
published as "recommended practices [Blv  In 1984/85, the guidance was to
perform visual inspection followed by air sampling with PCM analysis The
level to be met was bagsed on the lower limits of detection For the WIOSH
Method P&CAM 239 [9) Thisz ranged from 0 01 te 0.03 free for the recopmended
sample volumes of 1,000 to 3,000 liters

In the 1985/86 time period, a revised guirdance was 1zaued [10] which recognizead
the validity of HIOSH Method 7400 and reconmmended a 3,000 1 sample when using
the old PECAM 239 methodology, 1n order to give a minimum detection Iimit of

0 01 f/ce This guidance alsoe recommended using aggressive sampling methods
with TEM analyses Clearance levels for TEM were to be statastically no
highar than ambient background levels measured at the sames time

In Cctober 1986, the Asbestos Hazard Emergency Response Act was passed which
required EPA to sebt regulations for asbestos removal in schoels On Apeal 30,
1987 3 preposed rule was published in the Federal Regaster[1l] for comment

It includes a proposed regulation for aggressive air sampling to dekermine if
a response action (elearance procedurs) has been satisfactorily completed

For two years after the rule becomes effective (until October 7, 1989, " . a
local education agency (LEA) may analyze ait menitoring samples for clearance
purposas by PCM to confirm completion of removal, encapsulation, or enclosure
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of ACBM [asbastos-containing bullding material] that 1s less than or equal te
3,000 square feet or 1,000 linear feet  The section shall be considered
complete when the result of sanples collected 1n the affective functional
space show that the concentration of asbastos for each of five samples 15 less
than or equal to the limit of guantitation fer PCM, or 0 01 f/cc¢ of alr ™

After two years, the proposed EPA clearance rule, 1f adopted, will require a
thres-step process for using TEM to determine successful completion of a
removal responge action {clearance procedure) After visual inspecktion, the
final two steps will involve a sequential evaluation of five samples taken
inside the work site, [ive samples taken outside the work sate, two Field
blanks, and one sealed blank In the first stage of the analytical sequence,
final clearance could be granted i1f the average concentration of the inside
samples 15 below the "limit of quantitation” for the TEX method

The "limit of quantitation” 1s proposed to be set at "4 times the analytical
sensitivity” of thais method, and the latter 18 stated to be no greater than
0 005 f/icc Therefore, the proposed clearance limit for TEM, using a 3000 1
sample and a 37-mm filiter, 18 4 X 0 005 £/¢cc = 0 Q2 f/cc The factor of 4,
based on the assumption that the polycarbonate media contamination lewvel is
70-75 fibers/mme, 1s proposed 1n order to circumvent the usual laboratary
procedure to establish the level of contamination for each media lot by
replicate analyses. TEM analyses are very expensive, and would greatly
inerease the cost of clearance

In telatively vlean public buildings and the surrounding ambient environment,
there are proportionally fewer larger airberne fibers due to gettl:ing out
Inder these conditions, i1t 1is not at all reliable to presume that the absence
of fihers as measured by PCM assures that there are no thin filers as well
For these conditions, the EPA has specified the use of the more sophisticated
electron microscopy method EM has higher resolution, and is thus capable of
detecting all of the asbastos fibers present, however, the analytical methods
are not as well standardized nor is the equapment as readily available
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IIT METHODOLOGY
EVALUATION METHODS
Air Sampling and Analysis

Workplace Sampling—

Pergonal and area air samples were collected and anal{zed by Phase Contrast
Microscopy (PCM) 1n accordance with NIOSH Method 7400(3) (using 25-mm
cassettas and cellulose ester filters) A Magiscan II avtomated counting
system was 1ntended for use as a screening tool and a number of samples were
analyzed using this system, however, lack of agreement with the PGM analysis,
under low fiber and light particulate leoading, restricted 1ts use in this
study A sequence of 2- or 3-hour, interior area and personal sampies was
collected 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 lpm, for
persaonal samples and area samples., When low concentrations were expected,
area gamples were collected at flow rates of 2 0 to 3.5 1pm for approximately
8 to 16 hours for a total of approximately 1,500 to 3,008 liters per sample
The ares samples were taken in duplicate on two media- 237-mm polycarbonate
and 25-mm eellulose ester filters. The 25-mm cassettes with 2-inch cowls were
wrapped with metal foil as a precastion $o minimize possible effects of static
electricity. This sampling array was also used to collect ares samples
adjecent to but outside the poly baffled entrance to the room

Pre- and Post-Removal Sampling—-

Both pre- and pest-removal snvironmental evaluations were aceomplished by
sampling for an 8-hour period in a nonaggressive mode, followed immediately by
an 8-hour sampling period i1n the aggressive mode MNonaggressive sampling is
performed in a quiescent stmosphere, allowwing at least 24 hours for the room
te dry out 1f the sampling follows removal and cleaning  Aggressive sampling
involves the use of forced air equapment, such as a leaf blower, to dislodege
free fibers from surfaces, and osciliating pedestal fans to keep the fibers
suspended during the B-hour sampling pericd

The samples were talten in triplicate on three media  37-mm polycarbonate,
37-nm cellulose ester, mnd 25-mm ecellulose ester filters The 25-mm cassetbes
with 2-1nch cowls ware wrapped with metal foal as a precaution to minimize
pogsible effects of static electricity Six of the nine senples at each
station were cellected at a rate of between 3.0 Bnd 3.5 lpm, utilizing
individual lamiting orifices The vacuum source wag a manifold connected to a
Gast 0485 vacuum pump in parallel with a smaller Thomas 106-83F pump The
other three sanples (one of each filter type) at each station were collected
uzing DuPont P-4000 punps at 2.5% to 3 5 lpm fFor B full hours Sampling
filters were hung face down 1t alternated pogitions from a ring which was
supported approximately 5 feet above the flgor. An altr sample was collected
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on a celluloge ester filter located adjacent to but outside the poly-baffled
entrance to the room during the post-removal sampling period Twao
s1de-by-side ambrent outdoor samples were collected during the lé-hour peried
on 25-mm cellulose ester filters

Aar temperazture and relztive humidity were determined using an aspirated
peychrometer

Cellulose ester {ilters 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 celluloge ester samples were analyzed by TEM
uzing the modified Burdett and Rood methed {121

Polycarhonate filters were analyzed by the ¥Yamate Revision tgo the EPA
Provisional TEM Method.[?] The type =nd size distribution for fibers,
clusters, bundles, and clumps were reported from the TEM analyses. Level T
analysis was used to i1dentify the amphibole, chrysotile, and nonssbestos
composition of sach type

Real-Time Fiber Monitoring

GCA Fibrous Aerosol Monitors {(FAM), Mcdel Neo 1, were used to observe
variaiions of real-time fibrous aerosol concentrations Two units were used
to observe the effect of preocess variations, a third unit was used to monitor
flber contamination levels in the remeval area  Metrosonics Model Ho 331
Data Loggers were utiliZed to record sequential FAM resdings

EVALUATION STRATEGY
Overview

Persgnal breathing zone and ares air samples were taken within the work
enclasure to characterize the effectiveness of source controls Samples were
taken outside the work enclosure in adjoining hallways to determine the
potential interaction or contamination from actavities cutsaide and within the
contrelled areas  Since asbestos removal activities were also being performed
in other aress of the building, the asbestos concentrations measured 1n the
hallways could have been affected by these other activities, Ambient samples
were taken outgide the building to establish background levels In
cooperation with the EPA, additional samples were taken prior to and following
completion of the removal work to assess the efficacy of the removal method
and to compare sampling and analytical methods  Becayse of time constraints,
and to provide quantifiable comparisons, the post-removal samples were
collected sfter initial cleaning by the removal contractor (see the specific
methods used section of the Process Deseription) but not after visual
clearance, as is required for EPA final clearance measurements Therefore,
the post-removal results do not represent the fipal clearance achieved by the
contractor However, they demonstrate the relative merits of the sampling and
analytical methods  Approxaimately 235 samples were taken over a 5-day period
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Peraonal Air Samples

Sequential 2~ to 3-hour persaonal samples were taken daily for ezch of the four
workers In addition to these full shift, time-weighted average samples, sbout
eight 15-muinute, short-term exposure camples were collected daily Worker
exposures wers measured for the site preparation and removal procesgses and for
other associated activities Other activities inecluded waste collection and
disposal, decontamination, snd equipment operation and maintenance Abput

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

for each 5-to 6-hour work shift

Area Air Samples

Area air asmples were taken during the removal activaity, both inside and
outside the controlled area A series of 2- to 3-hour daily interior (source)}
samples were collected using a cart-mounted, mobile, sampling tree i1n the
proximity of the removal activity to provide an indacation of the
effectiveness of the source controls and the magnitude of exposure during
different activities. These samples were changed on the same schedule as the
persanal samples A similar series of area samples was tollected in the room
during the removal activity to determine the level of fibers during removal
Daitly exterior area samples were taken in the hall adjscent to the study

area Outgide ambient background samples were taken through windows well
removed from the test area

Direct Reading Monitacs

Pitrect reading Fibrous Aerosol 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 logger was
positioned adjacent to the interior work area sample tree The data logger
recorded sequential observations of the background [iber ecount inside the
senclosure Two cart-wounted, mobile FAMs were employed to detect 10-minuke
changes in fiber concentration in the vicinity of the various work activities

Uge of Persomal Protective Equipment

Workers were not required and were not observed to wear protective equipment
during the preparation stage, primarily covering the pipes with poly When
removal activity wes started in a room, all workers were required to wear
dispozable coveralls and half face mask cartridge respiraters equipped with
high efficiency cartridges

Identification of Safety Hazards
In addition to the evalustion of asbestos 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 quelitatively evaluated
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Iv  CONTROL TECHNOLOGY

Oecupational exposures ean be controlled by the application of a number of
well-known principles, including engineering measures, workK practices,
perscnal protection, and monitoring These principles may be applied at or
near the hazard source, to the generzl workplace environment, or at the point
of occupational exposure to individuals., Controls applied at the source of
the hazard, including engineering measures (1 e , material substitution,
process/equipment modification, isolatlon or sutomation, local ventilation?
and work practices, are generally the preferred and most effective means of
control both in terms of occupational and environmental concerns., Controls
which may be applied to hazardous sgents that have escaped inte the workplace
environment inslude dilution ventilatzion, dust suppression, arr filtration and
recirculation, and housekeeping Contrsal measures may also be applied near
tadividual workers, including the use of remote control rooms, iselation
booths, supplied-air cabs, work practices, and personal protective equipment

In general, a system comprised of the above control measures is 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 exposurs monitoring, and medical
monitoring are umportant mechanisms for providing feedback caoticerning
effectivaness of the controls in use Ongoing monitoring and maintenance of
controls ko ensure their proper use and operstion, and the educaklon and
commirtment of both werkers and management to occupetional heslth are alsco
important ingredients of a complete, effective, and durable control system

Asbestos removal workers are often required to work in areas where there 15 a
potential exposure to high levels of airborne asbestos fibers Therefors, it
18 incumbent upon the employers of these workers to ensure that procedures
which effectively reduce or eliminate exposure to asbestos and other hazardous
materials or situstions are used

Dust Exposure Control Strategy

In this school, workers' dust exposures were controlled at the sources of the
dust, in the peneral woerk environment, and at the worker

Source Contrals

Potential sources of asbestos dust were controlled by enclosing the pipe
lagging in plastic sheeting before removing it from the pipes  Plastic glove
bags were used to enclose and collect the pipe lagging during remaval
activities The pipe lagpging was wetted with amended water prior tec, during,
and after its removal from the pipes
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Conkainment in the Work Environment

To prevent genetral contamination of the sachool building by dust from the
removal operations in the study areas, overlapping plastic curtains were
placed on all doors to halls or other rooms Addationally, all ventilation
reglstere and windows were secaled with plastic sheeting and tape; immovable
furniture and fixtures were also covared with plastic sheeting

Personal Frotective Equipment

Since the levels of worker exposure were unpredictable, and unexpected events
might cause excessive dust exposures, the removal workers and the field
mvestigators used resparators both during remeoval cperations and durang
post-removal air sampling periods The removal workers used half-face dust
respiratars with high efficiency dust filters NIOSH investlgators used Racal
A1r Btream Powsred Air Purifying Respirators (Bredtheasy-5%) with high
efficrency filters In addition, both the workers and the investigators wore
disposable Tyvek® coveralls which were replaced daily
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¥  FINDINGS AND OBSERVATIONS

FIELD BLANKS AND LOWER LIMITE QF DETECTION

Raw data from PCM analysis are shown in Appendix A. when analyses were
reported ms less than the detection limit, values egqual to half of the limat
of detection were entered, as noted, and computationes were made using these
values. All but one aof the celiulose ester field blank PCM analyses (16) were
below the detection Iimits, sa that no correction for blanks was required

There 18 a degree of uncertaiaty regarding the TEM analysis of polycarbonate
filters by the EFA provisional method. EPA conducted a workshop in April 1986
te review filter blank contaminstion Field and media blanks prepared from
the same lot of polyearbonabte filter media used in this study were analyzed by
geveral laborateries There was an unexpectedly high variabality in
analytical results both within and betweeon the laboratories  The workshop
participants discussed possible causes of these findings i13} while the
overall issue could not be resolved, it is eclear that standardization of
methodelogy was lacking and that contamipation 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 uncertainty in blank analyses,
ne corrections were attempted in reporting the data in Appendix B

CONFIDENCE LIMITS

The PCM fiher counting technique 1s highly subjective, results reflect the
training and experience of the counter and aintra and inter laboratory qualicty
assuranca The confidence limits are also dependent upon the sample loading
{the number of fibers on the filter) and may differ for each sample

The coefficient of varjiation, ¢V, (alsg known 35 the relataive standard
deviakion, R3D) has two components The proeess of counting randomly
{Polssen) distributed Ffibers an a filter surface will give a CV companent
which is a function of the number of fibers counted The cther component of
variability comes from "subjeetive" differences from counter to counter and
from laboratory to laboratory  HIOSH and UBTIL, Inc . have demonstrated a PCM
analysis corvelation of 0.9]1 and an interlabeoratory coefficient ef variaticon
of ¢ 41 for this study based on a 25 sample comparison The UBTL, Inc ,
resylts are about 1 5 times the WIOSH results at the 1% saignificance level
However, interlaboratory confidence limits vary widely In the absence of a
known CV between laboratories a value of 0 43 15 used This would result in
lower and wpper 95% confidence limits of the mean on the crder of one half and
three times the reported level, respectively i1]
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Tables A-1 and A-2 are included in Appendix A to provide the preader with an
appreciation for the range of confidence limits which would apply to the mean
raesult of a single sample analyzed by a group of laboratories, assuming an
interlaboratery CV of O 45 As shown 1n these tables, the range wvaries with
the nunber of fibers counted and the sample volume,

These tabhles 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 laboratories The range is a computed 95% upper
and lower limits based on a 10 grid or 100 fiber count and a subjective CV
component of 0.45, which 15 used in the absence of a demonstrated CV between
the laboratories being compared [1] (See revision 2 of ReFerence 1, dated
May 1986, for 2 more complete discussion of confidence lamits ) Computations
were made for a range of fiber counts using three sample velumes 400 1, the
spproXximate volume collected for half-shaift samples; 1500 1, for full shife
pre- and post-removal and daily ambient samples, and 2500 1, for pre— and
post-remaval double shift ambient samples

TEM analysis performed by a NIOSH counter for this study has demonstrated an
intralaboratary CV of O 35 for asbestos fibers analysis In general, there is
insufficient experience with TEM to fully establish interlaboratory confidence
limits. EPA has reported findlngs of studies which indicate an overall OV of
abput 1 5 with an analytical component of about 1 ¢ The funectional form used
in the preparation of the range of PCH 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 scome insight into the effect of a CV equal to 1 5 on the
35% confidence bounds fer the mean, it may be assumed that the square root of
the asbestos concenktration as determined by TEM 18 dastributed as a normal
variable Then, the approximate 95% confidence interval on the original scale
for a 1 25 £/cc TEM result on a 37-nm filter would be O to 8 38 €£/cc This
compares to a O 638 to 3 913 £/ce ainterval shown i1n the Appendix A, Table A-2
for 1.25 f/ce PCH results on a 37-mm filter,

SAMPLING RESULTS
Work Activity

The results ¢f analyses= both by Magigean and PCM are tsbulated in Appendix A,
Table A-4, As previously discuesed, these levelg are caleulgted from fiber
counts made using an aspect ratio of 5 1, whereas the OSHA PEL 1s based on a
2 1 ratio (A tules)

Personal breathing zone time-welghted average and short-term levels, as
determined by NIOSH method 7400-B, are shown in Tabkle 1 The TWA wvalues
reported are for the actual sampling periods, epptroximately five hours These
levels are well below the 2,000,000 £/m3 [2 0 f/cc] OSHA standard in effect
at the time of thig study, and are about an ordec—of-magnitude below the
100,000 f/m3 [0 1 £/ce] action level of the current standard Eighteen
sequential personal samples were taken, however, one overloaded with
particulate matter could not be counted During removal operations, omne
sample result was 200,000 f/ce whereas the other 13 were well below 100,000
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TABLE 1 - PERSONAL EXPOSUEE MEASUREMENTS DURING PREPARATION
A¥D REMOVAL OF PIPE LAGGING
AT WINTON PLACE SCHOOL

Expesure 1s reported as f£/cc using WIOSH 7400-B Method

WORKER TYPE* ACTIVITY JULY 15 JULY 16 JULY 17
¥ 1 TwWA 0 011 0 Q13 0 o009
ST PREPARATION 0 015
ST REMOVAL 0 022 D 016 & Glé
ST REMOVAL Q 017
# 2 TWa 0 010 0 913 0 003
5T PREFPARATION 0 006
8T REMOVAL ¢ 032 3 Q&5 J 034
f# 3 TWA 0 004 *k 0 008
8T PREFARATION 0.002
ST REMOVAL 0 035 0 08p g 017
ST REMOVAL 0.20 0 016
¥ 4 WA 0 013 ok 0 010
ST PREPARATION 0 0ls
5T REMOVAE O 036 0 G044

— Mh mm w W= o = o = = mi = o = — e — — — — & — — 2 — s au == ==

b TYPE" TWA Sequential, full-shift Time—WHeighted-Average

15 Minute Short-Term

(L)

%% Pilter overloaded with particulates, unable to count

%% Worker not on job this date
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As shown by the activity summary for each worker (Table 23, the average level
of worker exposure from vemoval activities was twice that experienced during
preparation but, again, well below 0 1 f/ec

In conformaity with the reports of the results for the three other schools
surveyed in thais project, the analyses of area samples by PGCM and TEM were to
have been compared in Tables 3A (for preparation) and 3B (for removal}
However, inconsistencies in the interlaboretory results of the TEM anelyses
for this survey required a recount of the filters  Because of limited funds,
only the pre- and post-removal 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 nmear the workers were 6,000 f/m® both during
removal and duving peepatation. In-room hackground sample meang during
removal operations were 12,000 frm3 and 8,000 f/m3 during preparation.
The mean background levels in the halls were 2,000 f/md and 1,000 f/m3
regspectively, the ambient level outside the building was 1,000 £/m2.

Pre- and Posi-Removal Sampling

Cne purpose of the pre- and post-removal study was to compare the evaluation
of post-removal conditions by the sggressive and nonaggressive sampling
methods for both PCM and TEM analysis {As noted above, only the aggressive
sample TEM analyges were completed for thais report } The post-removal samples
wete collected after initial cleaning (for purpose of clearance} by the
remoyval contractor but before visual inspection and finzl clearance sampling
by the on-site industrial hygienist. Appendix B lists the analytical results
for aggressive sampling by TEM, the means for pre- and post-removal TEM
measurements are shown in Tahle 4  The uncorrected TEM znalyses of total
asbestos structures indicate a reduction from 270,000 as/m3 for pre-remowal
to BO,000 as/m3 for post-remaval This Table also shows that the
post-removal total asbestos Ffiber concenktration was about equivalent to the
total asbestos structure concentration, hence, after cleanup, most of the
ashestos present was fibrous,

Comparigon of pre- and post-removal PCM and available TEM analytical results,
b¥ reom lacation, are shown in Table 5 The PCM lewels of the agpressive
gamples are all equal tc or higher than the notnaggressive samples in both the
pre~ and post-removal samples  As noted above, the post-removal samples were
taken after the contractor completed cleaning, but before clesrance testing by
the nn—site industrial hygienist  Further cleaning way have been done if the
gi1te fatled clearance by visual inspection or nonaggressive sampling with PCH
analysis The emphasis of the present work is on the effectiveness of
containment of the glove bag technique and hence onh the comparison of asbestoes
levels bvefore and after the plove bag work i1s completed

The levels of aggraseive somples for total asbestoes structures exceaded the

ambient level suggested as "typieal" by the epalla) (5,000 f/m3 [0 005
f/ec]), as well as the measured ambient levels of legs than 1,000 f/m3
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TABLE 2 PERSONAL SAMPLING RESULTS BY ACTIVITY
AT WINTON PLACE 3CHOOL

PCH Anglysis f/fec using NIOSH 7400-B Method

WORKER _.JIILY 15 JULY 16 JULY 17 MEAN MIN HAX 8F D* _n*

= = =

= == = = = = PREPARATION FOR PIPE LAGGING REMOVAL == === = =
Girls Room @Girls Room  Boys Room

& Boom 12
1 o 005
2 C 00¢
3 G 002
4 0_ol0
PREP
AVERAGE G .006 0006 0 QD2 0 Q10
= m = g = = = = = = o = = o= PIPE LACGING REMOVAIL = = &I = Mk =T = = = = =
Garls Room Girls Room  Boys Roam
& Room 14
1 0 0B 0.015 0 002
0 023
AVG 0 018 0.015 0.012 4014 0O 002 @ 023
2 Q 015 ¢ 013 0 Q0OR%Akkk
AVG g 015 0.013 O 005 4 011 0 005 O 015
3 0.005 Eat) O 004
g aLy
AVG ¢ Q05 0 Q10 0O 008 O 004 0 017
4 ¢ 017 Rk O QlOxxik 0 014
AVG Q 017 ¢ 010 0 014
REMOVAL
AVERAGE © 013 0.014 0 010 0 012
AMBIENT 0.001 0.001 0 001 0.001
* 5T D = Standard Deviation n = number of samples
L Filter overloaded with particulate, unable to count
kkk  Yorker not on job today
k*k% Only half shift sample, worker on another job first half of day
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TABLE 34 - AREA SAMPLING BRESULTS
PREPARATION FOR FIPE LAGGING REMOVAL
AT WINTON PLACE SCROGCL

Analysis  POCH using WIOSH 7400-B Method (freced*;
TEM using EFA Provisional Method (as/ece)}*

JULY 15
Girls Room
FCM TEM

SAMPLING SITE fiec as/ec MEAN _MIN MAX ST D=

NEAR WORKERS

PCM ANALYSIS 0 QD6
0 008

AVERAGE 0 006 0. 008

{TEM ANALYSIS NOT COMPLETED)

= D D D= =E =m0 & D sRmeEmnn DR AET T RREREmE=Em == ==
ROOH _{BACKGROUND
PCHM AMALYSIS 0.Q03
¢ 013
AVERAGE & 008 0 008 0.003 O 013
{TEM ANALYSIS NOT COMPLETED)
= o E R E S = E S EE =D @ = = = == =2 S S$ 92 =E == == = =
HALL (BACKGROUNDY
PCM ANALYSIS g o0l
0 001
AVERAGE 0 00l 0 o001
(TEM ANALYSIS HOT COMPLETED)
2 o= RS E == =2 2 =E 2B&=8 8 = &2/ =23 =32 3= = =2 =2 = =
QUTDODDR AMETENT
PCH ARALYSTS 0 0ol 0 001

e mm e er e e Ak mm ma i mm e mw wm Am m o mm mm e mm e e e mm e mm o= e

x f/fee = total fibers/ecce as/cc = asbestos atructures/sec
5T D = Standard Deviation n = nuwber »f sanples
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TABLE 4

MEAN ASBESTOS FIBER AND ASBESTOS STRUCTURE CONCEWTRATIONS
AT WINTON PLACE 3CHOOL

Analysis by TEM using EPA Provisional Method

Sample Structures/m? Fibers/m-

Pre Remowval

Nonaggressive N/GC H/C

Agpressive 270,000 200,000
Post Removal

Nonaggress:ive N/C N/C

AgBTess1ive 80,000 62,000

_ e— e = = — o e — — m —  mm a4 wm m e mm wm b e omm A mm e =

N/C ~ Analysis not completed

27



QU1 243 JTPY 318 238y pejaodea eam san[eA PO30830p BUCH
Jo,8% Zpo'Q Inoge 8T erdwes 1 000C B J0F UOTIVSISP FO ITWI] IemoT SYL  UOTSTAAI /86T YIIBR ZOV{

SHTANYS TVACKEY 1504 8T K1AL SHETAWYS TVAOHAH dHd4 IT A7l

»{90/EB) poyzlaq TEUCISTACad Ydd JuTsn KaL
'x(3%/3) POY3OH 9-00F. HSOIN Suten ROd  STSATRUY

TO0HDS ZWVINIHATH JJOVId NOLRIM LV
ONITAWYS VIUY TVAOHAE—-1S04 QHY -Z¥d NVAW 40 HOSTHVJHOD & HMEVI

poyqeu HSOIN Aq pozATEUER puUR SI331TJ J9359 SSOTNITID UWWGZ UC Pa323[1od 232 SITIURS JUBTQUE 3sayl ¥EX
(99/5% Spo O) A0 @U3 IO JTBY 38 pIJSjUS 8Ie (07 oU3j MoTaq pajiodaa SosATRUY 22/5%2 010 O
ST {{07) U0TFoS}8p JO FTWIT ISMOT HIL 24l PUNTOoA J9ITT 005°T 4Toj=wixoadde ade soTdwes asaylL w3
aTqeTIEAE 3ai jou {s5isiTeue UT ejeq - /1 satduss ssayl Jo) peseTducs jou STSATEUY — O/N
saTdues Jo Jaquiu = U II/SIINIOINIYES $03SB(SR = D0/BE 30/830qT] TEICT = 09/] x
#xxf 1000 Z TIc0'0 *¥wZ TQ0 O Z 100 ¢ INITHWY HOOILOO
o2/ T T¢¢ Q /R T 100 0 TIVH RCOOY STHID
D/ T o000 2/R T 5zZ0 0  TIWH ¢T1# HOOR
E I A ) /N 9 200 0 £ ¥/1 Zz 0 o/H g #00 O ROOW STHID
£ /I DT 0 Ky 9 €00 0 < Y Y 822 0 o/ 2 QTp O PT# ROOY
JOHIAR DRITdHYS EAISSINOOV
2/ T 160 0 o/ I Tog 9 TIVH HOOH STT31D
/K T €00 0 /R T TOO O TIVH p1# WOOH
£ /R O/ /R 9 T00 0 g O/R o/n aJ/R 9 100 0 HOOH STAID
£ o/ O/H 2/H 9 T00 0 £ HT | /R *3/ 5 ZD0'0 vI# HOCH
AOHLAH SHITAWYE AALSSAADOVNON
FUCT @il G< Tejul Yooy wd ¢< TeJCL
. 23/ 58 W o788 U 20/3 T EEFE:L U D9/58 U 22/3 ROLL o0
¥xxSISXATYNY WAL vVd3 KAL NV Kod HSO0IN x¥SISATVHV WAL ¥43 H3J CNY KWD4d HSOIR

28



PCM analyses of nonaggrossive sampling 4id not reveal an appreciable change in
the pre- and post-removal fiber counts The EPA puideline for clearance
sampling analyzed by PCM(%:10] 18 “svery sample value is below the limit of
gquantification {approximately 10,000 f/m3 [0 01 £/eec]l) " Post-removal
nonaggressive PCH samples were all below the 10,000 total £/m3 level
Aggressive sampling PCM results indicate a decreased post-removal level for
both Room 14 znd the girls room, both were well below the 10,000 f/m3 lavel
after removal operations were completed.

QTHER OBSERVATIONS

Engineering Controls

Safe-T-Strip® and Disposalens® glove bags were ugsed during this survey; =six
were usad i1n the girls room durang the first day, six were used in room 14
during the second day, and on the third day eight were used in the boys roonm.
Work Practices

The survey team observed znd intermittently videotaped the work practices of
the removal crew A subjective evaluaticn of these practices baged on
obgervation and review of the tapes is summarized in Table 6.

TABLE &

EVALUATION OF WORK PRACTICES
AT WINTON PLACE ELEMENTARY SCHOOL

Date 7715485 7716 /85 7/17/85
Time AM / PM AM / PM AM / PM

Site Girls Room Room 14 Boys Room

TASK WORK PRACTICE RATING#

Prapare Pipe A/ - - - -/ -
Install Bag G /7 - -7 - -~/ -
Wet Pipe Lagging A/ A A/ -~ G/ G
Remove Lagging {(use of bhag) G/ A A /S - A/ A
Move Bag G /G A s - G/ A
Remove Bag G /G G/ - A/ A
Llean Pipe G/ G AL - G/ G
Decontaminate Room -/ G A - -/ G
Rumber of Bags Removed (6) (6) (&)

ft SUBJECTIVE RATING VALUES: P = POOR A = AVERAGE G = GOOD

29



FiM measurements are being analyzed teo determine the corrslation of real-time
obhgerved i1ncreases in fiber concentrations with work conditionsz and

activaties The results of this analysais will be 1ncluded in & susmary report
to be written om the four school project

Monitoring

The removal cantractor’s program for monitoring airborne exposure to ashestos
in the work gnvironment consisted of supplying the shaift foreman with one
personal sampling pump During the course of thas study, that pump was not
used for personal sanmpling because the survey temm was moenitoring each of the
workers However, the pump was not adeguately maintained or calibrated to
provide monitoring support There is a need for training i1f workers are to be
assigned monitoring duties

The monitoring program of the Cincinnati Board of Education was implemented by
PEI Associates, Inc , under a consulting contract The contracted level of
effort was to support one active site at a time; however, the removal
contractor received permission from the School District to wark on four sites
zamultaneously This reduced the level of on-site surveillance to less than
what is desirable for tight control. 4An observer should be at each site for a
time sufficient to insure full compliance with the work specifications

Personal Protection

Contractor personnel wore disposable coveralls in the work area during removal
activities In eddition, each employee was fitted with a half-face cactridge
respirator equipped with high efficiency filters which they wore during
remeval activit:es

Safety Considerations

Safety hazards were typical of those associrated with insecure footing while
working on elevated platforms, ledges, and ledders Work was often over or
around obstructions such as =inks, commodes, light fixtures, etc  The use of
razolr knives and stapling suns alse presented hazsrds to workers Staples
driven through the poly inte 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
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VI CONCLUSIONS AND RECOMMENDATIONS
SITE SPECIFIC

Asbestous exposure, as evidenced by personal breathing-zeone air samples
snalyzed using HIOSH method 7400-B, showed increases depending upon the work
actavity  Asbestos fiber concentrations rose from a pre-removal level of
0.001 ffce to 0.006 f/cec during the preparation of the pipe lagging for
remaval and to O 013 £/c¢ during the actual removal in glove hags  There 1s
ne method to translate these results to what would be achieved had the A rules
{used for OSHA compliance) beea used. However, time-welghted-average lewvels
this low would indicate, that as used in the present study, glove hags were
effective 1n controlling the asbestos emissions to below the present OSHA PEL,
but did not provide complete contazinment of the asbestos being removed

One purpose of the study was to compare the post-removal conditions obtained
by the aggressive and nonaggressive sampling methods using both FGCM and TEM
analysis. Mean aggressive sampling concentrations analyzed by PCM are
genetrally greater than wmeans obtained by nonaggressive sampling for both pre-
and post-removal pperations. This trend was also observed in results using
TEH analyses in prior studies, however, due to the analyticdl problems
previously described, only ageresszive TEM data 15 discussed here

Results of ageressive ssmpling for total asbestos structures exceeded the
ambient level of 5,000 f/m3 (0.005 £/ce) suggested as “typicsl™ by the
EPAIL%] as well as the measured ambirent levels of less than 1,000 £/m3.

All post-removal samples taken by both the aggressive and nonaggressive
methods analyzed by PCM indicate contaminsztion levels are below the 10,000
fibers/m? EPA guideline and would pass clearance using this sampling and
analytical method. (These samples are also telow the NIOSH recommended
action level of 0.0l f/cc that would require additiognal surverllance )

Based on these post-removal resylts, a work site would probably pass the
clearance guideline requirements with nonaggressive sampling analyzed by PCM,
1t would probably pass with aggressive sampling snalyzed by PCM, and would
likely fail with TEM analyses of the aggressive sampling method

When uwsing TEM analysis, it is highly advieable to implement the EPA
recommendation to evaluate the ambaent asbestos fiber concentration outside
the work ares as a reference for elearance requlremantsllul This will
rrovide 3 more accurate basis for comparison becausze 1t reflecks the local
conditions as determined by replicate analytical methods
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Key work practices c¢bserved ain thas study which are highly recommended include
Pre-mis5t all lagging with amended water,
Wrap all pipe with poly pricr to the start of removal work

Use a bag properly designed for the task (1 e , specially designed bags
for working around large walves or fitbtinge)

Start with a clean empiy bag &t pipe 1nterfaces with walls and ceiling to
aptimizs bag flexibility and manimize contamination potential

Make cuts on preformed lagging blocks at the joinis to minimize fiber
generation

Use long hoses on the amended water sprayers to optimize wetting
pracktices, spray freguently during the removal task to assure that freshly
exposed materials are wetted

Uze a HEPA waecuum to contain fibers and to assist ip collapsing the glove
bag during bag removal

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

Based on thig study, there are several options with potential for improvaing
glove bag conkainment‘ 1mproved work practices, improved wetting of the
lagping befoce removal using an i1njection technique, and the use of plove bags
supplied with nepative air One or more of these techniques are recommended
for additionzl evaluation

GENERIC OR NON-SITE SPECIFIC

Glove bags are g useful engineering conktrol to reduce worker exposure during
asbestos removal operations  Consideraing the the work practices observed in
thie study workers should (and did) use respiratory protection It is prudent
ko use respiratory protectlion in any glove bag work because leakage of the
glove bag (which 1z not easily determined by real-time monitoring) or an
accidental rupture of the bap or the seals will allow the workers to be
exposed to a known carcinogen  OSHA permits the use of high efficiency, air
purifying respirators for work with acbestes, however, NIOSH recommends that
type C positive pressure, supplied air respiratory protectian be used when
carcitogens are present

This 15 the last of four schoecls surveyed, and the removal crew gained
experience with each survey The limited expertise of the workers observed in
the three previous surveys i1s probably typical af infrequent glove bag users.
Plant maintenance, asbestos operations and maintenance, and many ashestos
renoval contractors would very likely encountar similar asbestes levels and
incomplete containment seen in these surveys  This implies that secondary
containment {1 e., negative air barrier) should be used as an adjunct when
guch glove bag work is performed Ag demonstrated in this survey, experienced
personnel with proper training appear to be able to obtalm better contarnment
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A number of work pract:ices have besn proposed for use with glove bags that
were not observed in thas study  The following should be congidered for
increased assurance of control

Require documentation of specific training and experience for workers
using glove bagsg

Use enclosures with decontamination showers and negative air on large
Jebs., On smaller jobsz, at least seal off vents and wall or ceiling
opanings wWith poly and provide double hung poly curtains at the doors

GClean up accumslatad debris prior to removal; this will reduce
resuspenslion of loose fiber accumulations

Proper elevated platforms and scaffolding must be provided where needed
Improvised platforms utilizing existing structures should be discouraped,
expediency should not pverride the safety of the workers

If the lagging is not fully wrapped with poly prior to remcval, hand the
lagzing with tape at the places where the glave bag 1s to be attached
This will provide 3 cleaner edge to seal the open lagging, provide a
dirt-free area for the affixing the tape that seals the glove bag, and
prevent fraying of the lagging when the sealing tape 1z removed

Test the effectiveness of the seals by pressure testing each installation
of the bag (gently squeeze the bag to observe that the seal is taight)

Confirm the integrity of the glove bag 1ngtallation technique pecicdically
by means of a2 smoke test (the frequency or number of bags to be tested
will depend on results). Faill the bag with smoke using a smoke tube
inside the bag, then apply pentle pressure to the bag to observe that the
seals are secure. The pressure applied should be consistant with the
forces exerted on the bag during the removal of the pips lagging

Uze great care when metal bands, wires, or aluminum jacketing is
encountetred to avoid lacerations to the hands or to the glove bag, sharp
edges should be folded in and gently placed in the bottom of the bhag

The accumilation of debris and water in the glove bap should not exceed
the abaility of the workers to safely manipulate the bag as needed. Bag
loading practices should reflect good judgment and experience, heavily
loaded hags create awhward and unsafe conditions  Whers applicabie, the
bag may be supported by the use of a platform and/or slings

Use a HEPA vacuum te contain fibers during all bag apening procedures such
as remgval or moving

Seal the ends of the lagging with "wettable cloth" (a plaster impregnated

fiberglass webbing) or equivalent encapsulant, when partial removal
creates exposed ends
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Use a direct reading aeroscl monitor, such as a FAM, to deteet failures in
control or sontainment s¢ that on-the-spot corrections can be made

Decontaminate the work area thotoughly after the completion of the job
All contamination should be removed, whether it was caused by the removal
task or has accumulated cver time

Cordon off working areas when oukdoer work i1s performed  Removal of pipe
lagging from salvaged or reclaimed pipe should be done in an enclosure
appropriate for contamination control

Crew size should be proper for the task, 2 minimum of two workers is
recommended where heavily loaded bags are anticipated or elevated work 1s
required Where two or mors removal operations are carried out in the
Same gred, an auxiliary worker may be utilized to service the amended
water sprayetrs, to assist the others ih mowving or adjusting the glove
bags, and ko perform other miscellaneous tasks
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TABLE A-1

UPPEE AND LOWER 95% CONFIDENCE LIMITS FOR A SIRGLE PCM AWALYSIS
USING NIOSH 7400-B METHOD ON A 25mm CELLULOSE ESTER FILTER,
ASSUMING AN INTERLABQRATORY SUBJECTIVE COMPONENT OF .45 AND

1300 FIBERS/sq mm MARIMUM ALLOWED LOADING (1,111,500 FIBERS/FILTER)

Fibers Fibers/
counted Z25MM dainm

/100 fds Filter
SsoERC==— ===

* 500500

* 250000

* 100000

100 49045

&0 39236

&0 29427

50 24522

44 19518

30 14713

20 9R09

10 4904

7 341313

(HIOSH LOD)

3 1471
(UBTL LOD)

Factor for
Lower Upper
Limit Laimit

m_mmE=

0 51

D 51

0.51

0.47

0 43

0 A0

0.31

==a=

313

3.13

313

Msan and Range of Fiber Concentratiens withan
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400

liters

====(ffﬂc)==m=

(0

(0

(0

(0

(Q
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a

{Q
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(o

(0

1
638

a
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05Q
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QlE
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o001
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O 02
(0 010 - 0.063)

0 ¢le
{0.008 - O 051}

0 013
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2500 liters
====cffc¢)#ﬂ==
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TABLE A-2

UPPER AND LOWER 95% CONFIDENCE LIMITS FOR A SINGLE PCM AHALYSIS
USING NIOSH 7400-B METHCD ON A 37mm CELLULOSE ESTER FILIER,
ASSUMING AN INTERLABORATORY SUBJEGTIVE COMPONENT OF 45 AND
13400 FIBERS/sq mm MAXTMUM ALLOWED LOADING (1,111,508 FIBERS/FILTER)

Fibers
counted

£100 fds
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60
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30

20

1o

7
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37¥M d1a
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et
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500000

2530000
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3268

Factor for
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==l
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0.51

0 51
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== Er
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3 13
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Mean and Range of Fiber Concentrations within
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TABLE a-3

LEGEND FOR WINTCN PLACE FCM DATA

LoC {8chool and room locatron of sampled activity)
Wixx Winton Place Elsmentry School
14 Room #14 Spec Ed
GR Girls Rest Room
BR Boys Rest Raom
ce Cambined Exposure Areas Rm 14 and GR
PO Principle's Office

GCLASSIFICATION (Sample location, type, activity, and ID)

Log¢ation

FB Field Rlank

iA Interior Area (Background in the work room }

04 Cutside Ares {in the hall)

AM Ambirent (Qutside the bulilding)

BZ Personal Breathing Zone

cT Mobile Sampling Cart (proximate to work activity)
Activity
FRE Pre-tremoval actaivity — Full term sample
PST Post-removal activity - Full term sample
REM Remaval work - Full term sequential sample
cQv Preperation, covering, ete - Full term sequential
RMS Removal work - 15 minute short term PBZ sample
GCos Preperatien, covering, ete - 15 minute short term BZ
SEQ Sample period covers sequential wark activities
FINM Ambaent Sample — Full Term Meonitoring, 8 to 1& hours

ib

AGGE  Aggresaive sampling mede
NAGR Honaggressive sampling mode
WEitx  Worker i BZ sample

xx/3o¢  Actual date of blank source

SAMPLE Ho. Sample media Identification code and number
Alsooe 25mm Cellulose Ester ¥ilter Sample Number xoxx {(With a
foil wrapped 2 inch cowl)
Miooe 37mm Cellulose Ester Filter Sample Numbar xxx
Nxxx 37mm Pelycarbonate Filter Sample Bumber xxx
RATE Sample flow rate in liters per minute {(lpm}
VoL Sample volume tn liters {15
FCH 7400-B Phazse Contrast Microscopy analytieal results using
NIOSH Method 7400-B counting rules, results in total
fiters per cubic centimeter
MAGISCAN II Magiscan II 15 & computerized image analysis system
for PCH; results 1n total fibers per cubic centimeter
UBTL BCM analysis performed by Utah Biolegical Testipg Labs
WIOBH PCM analysic performed in the NIOSH Laboratory
POL Particulate Overload — Unable to count
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APPENDIX B

TARULATION QF DATA OBTAINED USING

TRANSMISSION ELECTRON MICROSCOPY (TEM)
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