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Assessment of Assay Methods For Evaluating Asbestor Abatement Techmology
Mark A, Xarazffa, Bobart 5. Amick, Anm Crone, And Thomas J. Powers

Two analytical methads and tuu. sampiing schemes were evaluated for their
effectiveness im a project to remove air-entrainatle asbestos from Columbus East
High Schonl in Columbus, Indiapa. The two kmalytical pethods were phase con-
trast microscopy (PCM) and transmitsion electron microscopy (TEM). The sampling
schemes fncluded a static method and an aQgressive one using a2 leaf blower,

The study results indicated that the building abatement Jid weet the PN
specifications in effect at the time, allowing acceptance of the work and re-
oCCUpEnCY. However, the ToF resultr revealed aircborne asbestos concentrations
averging four times outdoor levels with peak wvalues near 1 million asbestes

3_ sggressive sampling amp)ified the significance of the sitya-

structures/m
tion, producing average airborng asbestos concentrations that were 50 times the
outdoor laevels, with peak conzentrations eear 1.5 miliion asbestos structures/
s of atr,

As & result of this study. TEM coupled with aggressive sispling i3 the
currently recomsended method af choice for postabatement clearance,

This Project Summsry was developed by EPA's Nater Engineering Ressarch
Laboratory, Cincinnati, OH, to anncunce ey findings of the ressarch project
that ts fully docusented fn 2 separate report of the same title (see Froject

fzport ordering Information at back).



Introduction
Background

The Technical Assistance Program of the OFFice of Pesticides and TYoxic
Substances of the U.5. Envirormental Protection Agescy (EPA) provides guidance
and information on the idemtification of asbestos-containing matecfals in
bulidings and on the correction of potential asbestos hazards., Four EPA
Guidance Documents contaim much of the techmical information about asbestos in

ronindustrial settd m_:gs,‘,"I 2.3.4

These documents describe how to establish an
asbestps fdentification and control program, provide background fnformation and
dfrection to school afficials and builtding owners Of exposure assestwent, and
describe how to develop and {eplement an asbestos abatement program. The mst
recent ashestos guidasnce from EPA not only sophasizes recent experisnce and new
information on asbestas control but also introduces and dizcusses criteria for
developing an appropriate asbestos control plan.

Considerable zcientific uncertainty still surrounds the effectivensss of
specific abatesent actions In reducing the risk of expoture to airborme ssbes-
tos. Ome critical concern agong those responsible for ashestos abatsment 15 how
clean the contractor lepves 3 bullding [or building area)l after removieg the
ashestos saterial or after completing work that could have disturbed an ashas-
tos-containing material (e.q., ancapsulaticon, enclosure, or special waintengnce
operations}. The two criteria recommended by the E[PA guidance {l?ﬁ:ﬂj that
was 1in effect at the outset of this study were visud) Inspection of the work.
site and pir wonitering after completion of the project. Visusl inspection
shoytd detect {ncomplete removal, dwmoge caused by abstement activity, smd
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{most important] the presence of debris or dust left by inadequate cleamup of
the wart area, Alr monitoring by the meabrans f1Tter collection technigue and
phasg-contrast microscopic (FCM] analysis are recommended to supplement the
visual inspectiom and to determine whether elevated Tevels of airborne fibers
gensrated during the removal process have besn sufficiently reduced, This
currently recommended optical microscopic techrigue 15 one of Gwo method:
specified by the Mationmal Inztitute for Occupational Safety and Health ([(KIDSH)
to determine aieborne Fiber comcentrations; 1t §s used by the Occupational
Safety and kealth Administration {0SHA} to measure total airborme fibers in
occupational environments,

The [PA-recommended air-ponitoring methodology for detarmiming abstement
completion {NIOSH Method Mo. PECAM 229} was as follows:

Afr saopling should hegin pfter the project has been completed

and all surfices in the abstement <ite have been cledned,

preferably within 48 hours after abatement work s finlshed. A

ginimm of three afr sonitors per worksite ard At least one per

room {s recommended. Air s drawn through a membrane filter for

about 8 hours st & flow rate of approximately 2 liters per

minute. A tota) afr volume of approximsely 1,000 liters

collected at the specified flow rate should be sampled, After

the sampling, a section of the f1lter 13 @ounted on a microscope

tlide and treatad to form a transparent, optically homogenous

gel. The flbers are sized and counted by using a phase-contrast

picroscope at 400 to 450X magnificatior. For counting purposes,

a fiber 13 defined as a particle with a physical dimension

longer than 5 grlcrmurs and a2 length-to-diameter ratio of 3 to

1 ar greater, -
This method 13 fntended to give an index of the afrborme concentration of
fibers of tpecified dimensions in an atsosphere known or suspected to contain
asbestos; 1t 13 not desigred to count fibers lesc than 5w long or to differ-

entiate ashestos fibers from other flbrous particulates.
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The most significant timitation of the PCM method compared with transads-
sTon electron microscopy (TEM! and scamping electron aicrozcopy [SEM} iz that
PCM is Timfted in the detection of fime particles (1.e., those with submicren
diameters or Tengths Tess than 5 oo) that may de toxicologically significant.
For example, in glove-box tests of sfmulated fndustrial mechanics) operations
on asbestas-caontaining products {drilling, sawing, and sanding), the PCHM method
counted fewer than V percent of the fibers counted by mLE Although condf-
tions of this glove box study were obviously different From asbestos abatesent
sactivities, some concern existed abput the relative Derits and capabilities of
the differeat anplytical pethods used to determine representative fiber congen-
trations. Another study estimated that small asbestos fivers [1.e., fibers
Tess than 0.2 @ wide and 5 ym long that are not detected by the FON method)
were present at S0 to 100 times the concentration of the larger, optically
visible fibers.s
Study Objective

The objective of this research project waz to identify and quantify the
fine fraction of sirborne asbestos fibers precent in bullding stmospheres after
an asbestos remedfal asctivity, The project focused en the adequacy of EPA's
previcusly recommended PCM method of analysis and sample collection techndque.
The PCH method was compared with TEM methods, and the feasibility of an alter-
native aggressive sampitng technigue war investigated. The results of this
study established the advantages and Mimitations of applying PCM and TEN ana-
Iytical methods, both separately and tn confunction with an sggressive sampling
techniaue, to the evaluation of afr uality following asbestos sbatement,



This project was conducted during the postabatesent phase of asbestos re-
maval, Relfable methods of sir sampling and snalysis permit the use of sonitor.
fng results to be included in evaluating the efficacy of asbestos abatement
pethods and in developing better technic2! guidance for abatement contractors,
buflding cwners, and other parties directly respomible for remedial asbestes
programs.

Active or recently completed abatement sites wers selected for aonitoring
becayse they provided an eacellent opportunity to collect real worid dats, and
becsuse the wonitoring tasks could be arranged with sinioum lead time and coor-
dination,

The conditions in a work argz while the final air samples are collacted con
influence the results of a postabatement ascessmpent. After an abatement actian,
the air 75 weually sampled while the ares {5 sealed off, vefors ventilation is
restored, and after ot least a 24-hour settlinmg period following the Final wet
cteaning, Conseguently, this sonitoriag techmigue mey fail to detect residual
fibers that have settled or horizontal! surfaces during this static condition or
that were Bissed by the cledning.

Residual asbestos fibers constitute a potertial exposure hazard Decause
they could be re-entrained later, when the air in the arsa s agitated by
personne]l traffic, alr Flow from vent{lation systess, and custodial sctivities,
Thus for more accurate charscterization of postabatement fiber concentrations,
the work ares should axperience appreciable alr sovesent to siomlate actus) yss
conditfons during atr monttoring.



The introduction of air turbulence into the work area during the col-
lection of stationary air samples is termed “aggressive sampling.” This
method entails the creation of air movement by the use of blowers, fans,
brooms, or compressed air streams to entrain any particulate matter that may
be present. The advantages of the aggressive sampling technique over the
static (or nonaggressive) sampling are that the former reflects worst-case
conditions and that the testing requires a relatively short pericd. The
disadvantages are that this technique is not readily standardized or repro-
ducible, nor does it reflect normal exposure levels to occupants. As with
the static sampling method, no criteria have been established to define an
acceptable or safe level of fibers in a non-occupational environment. The
research on fiber concentration levels using the PCM and TEM methods is
continuing so that the before-, during-, and after-abatement criteria can be
developed within the next 2 years.

Project Description

Site Selection

Air monitoring was conducted at two selected sites from which friable
asbestos building materials had been removed: Site 1, Columbus East High
School, Columbus, Indiana; and Site 2, the U.S. EPA Environmental Research
Laboratory in Corvallis, Oregon.

This report describes only the results of the air monitoring survey
conducted at Site 1. The monitoring data from Site 2 and the significance
of these data are the subject of a separate report. These selected sites met
the following criteria:

0 The abatement plan involved the removal of friable, spray-applied,

asbestos-containing material.



o The contractors carried out the work greba preparation, vesoval, and
decontzaination in accoardance with EPA-recommended specifications and

reuu*lrtmnts.'

a Multiple work areas conteining homogeneous  2sbestos material were
available for monitoring,

g T™he twilding cwmer and abatement contractor agreed to cooperite with
EPA ;rui to provide access to sefected areas of the duilding,

Abatement Prugrem

A multiphase asbestos abatesent and renovation program was conceived ang
fmpiemented. The first abatement phase wis condugted during the Sumser of 1984
and included the fallewing areas:

Acadenic Bullding:

Taird floor - all rooos
Narth and south large-group instructional rooms [sidewall encliosuves)
Mechanical penthouses
Stairwells and elavator shafts
Industrial arts
TV stud{ofpublications
Music rocms
Aerdd tord um
Gymmasipm:
Starage rooms
Mechanical room
Concessions

Restrooms



Sources of friahle, asbestos-containing fireproofing were controlled by
removing the materfal or by placing ¥t in airtight enclosures in areas whers
complete removal and replacement were npt feasible, Decisfons regarding the
mast approgriate contrel method for each Phase I subspace were based on
EPA-recomended assessment factors for evalyating the potential for fiber
mlnse.a

Ashestos-containing fireproofing nsulation had been spray-applisd to steel
beams and columns on the first, second, and third floors and fn mechanical
areat. The range of asbestos concentration for this ooderately friable
material was 30 to 60 percenmt chrysotile assbestos, based on an analysis of 17
represantatfve bulk samples By polarized-light miceroscopy a2nd  disperston

staining, 7

Throughout thess arsas, therg was a4 cons{deribie 2wunt of over-
spray on sections of the corrygated steel deck pan between the treated boams
The treated Deans were largely concedled by a suspended lay~in gor interlocking
steel panel ceiling, but in some areas, the construction design remdersd the
fireproofed beam: wisiblie and exposed.

The stryctural beams oh the lower level had al1so been sprayed with friable
material, but 1t contained no asbastos. Many of these bedms nad been enclosed
by drywall and therafore were not visidble. Other bDeams on *ne lower level were
concealed above suspended ceflings, and still others were exposed {visiblel.

Asbestos-containing fireproofing was alszs found fm the gymmasium on the
ceiling above the merranine level and in the mechinical egquipment and storage
rooms. The spray-applied material on beams above the suspended ceiling on the
Tower Tavel of the gymnasium contained mostly fibrous glass and s ashestns
fibers.



e procedures followed For the removal and exclosure of che asbesatols-
containing fireproofing at Site ) wers consfstent with those described 1n the
EPA puidance documents, and they complisd with EPA and OSHA asbestos regula-
tions, Detailed specifications describing the scope of work, the work sequence,
and specific perfarmamce criteria for the Abatement contractior were prepared by
the project tesm #nd distributed os part of the Did package, The techaical job
specifications For the removal and enclosure of the ashestos-contalining Fire-
preofing were based on the Guide Specifications for the Abatement of Asbestos
Relesses From Spray- or Trowel -Applied Materials in Bulidings and Otwer Struc-
tures, published by the Foundation of the Mall and Ceiling Industry,®

An Industrisl hygiene technician was onsits throughout the entire sbate-
mnt project. The Tield techmician was under thwe direct supeevigfon of a
certified industris] hyglenist, who sade weekly inspections of the Job site and
was available for consultation., The first phase of the asbestos abatesent pro-
graz began on May 30 and was completed {exciuding fimal removation items) by
August 11, 1584, The second phase of the abatement program was completed during
the sumser months of 1985, and the third phase will b completed during the
simmer of 1986,

Matement Activities—

The sbatement activities were performed 1n thres distinct stages: prepara-
tion, removal, and decontamination. Eech of the bullding sreas Imcluded iIn
Prase 1 wery isolatsd as separite adatesent wort ireas. Some work areas Com-

prized muitiple roows fe.g., the third-floar classroom srea and the mutic area),



~and sowse consisted of a single roca (e.g., the penthouses, storage rooms, and the

TV studio). Fach work ares was prepared by turnfng off the ventilation end elec-
trical systems, sealing off al) air ducts and openings, covering the floors,
walls, and femovable objects with plastic sheeting, instadling nigh-efficiency-
particulate-air- [HEPA-]1 filtered exhaust units, and constructing worker decon-
tamination Facilities. Suspended ;eﬂ*lmgfs and carpeting were remowved and dis-
posed of as contaminated waste, or they were cleaned and di spased of by conven-
tiora) means. Morkers wearing full protective eguipment and approved aie-pari-
fying respirators removed the fireproofing by first wetting 1t with ap amended
water solution ang tmen scraping it off. The asbestos-containipg debris was
placed fn double f-mil plastic bags and disposed af at 2 local EPA-approved
sani tary Tandfi1l, A)Y substrate saterials From which ssbestol was remowved were
wire-orushed and wet-wiped repeatediy to remove as such of the fireproofing
marerial as possible. A dry redoval method that did not use the dmended water
solyution was usted in the TV studio room to prevent damage to the xcoustical
panels and electronic eavipment in this area,

A1 syripped or poteatfally contasinated surface: were sprayed with an ap-
proved asbestos sealant to bond any residusl fibers to the substrate. The work
area was decontaminated by resoving 211 loose debrig, removing thes plastic
sheeting From the walls and Floprs, and repeatedly wetariping or mopping the
walls and floprs, When the work ares had pessed a thorough visual inspectiom
ard alr monitoring showed that the fiber concentrations were less than 0,05
ﬂbedcna (the clearance Tewal of the contractor's specifications), the bar-
rigrs and HEPA-filtered exhauwst units were removed, and the ares was opened for
occupancy by other tradesmen responsidle for varipus components of the rencva-
tion, for exsmple, Fireproofers, painters, slectricians, plasterers, and heating,
ventilating, and air conditionming (HYAC) fostallers,
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Monitoring Approsch=-

Semples for subteguent PCM end TEM analysiz were collected from two or three
reprezantative locattons within each designated work area after completion of
211 abatement activities but before any applicaticn of replacement fibrous mate-
vial {e.g., nonasbestos freproofing), Plastic shesting on walls end floors had
been removed, the Lubstrats had been sprayed with & sealamt, and HEPA-Tiltered
exhaust units had been remgved. Alr sampling was not conducted unt!]l the abate-
ment zres had passed a rigorows visyal inspection Dy the onsits industris) my-
glenist apd srchitect. In sach designated work ares, First static and then
aggressive sampling techniques were used. To susmarize Briefiy, filter Molders
containtng afther 0.8 um M . Vipore sixed-cellulose ester (PCM) or O,4m MWucle-
pore polycarbonste filters (TEM} were positioned (1.4 to 1.7 @) 4.5 to 5.5 Tt
above the flopr at arbitrary locations, Batlery-powered sampling pusps were
usad to dregw air through the filters, The constant-flow pumps were calibrated
to 2 to 3 L/a and were operited for & to B hr/tast, depending on the contrac-
tor's schedule. Somples were collected frow several indoor work aress and at
outdopr Tocations during each smnitoring period,

In sddition to the postabatenent sooitoring, Taited prestatement sonttor-
fng was conducted in an area of the asuvditorium to take adventage of the one
spportunity svallable for presbatesent monitoring in the abatsment program
schedule. Two PCN #nd two TEW precbatesent samples werw obtained and snalyzed.

Upon completior of eath monitoring survey, saaples were subeitted to the
appropriate lsboratory for preparation or amalysis. The Wuclepore filtars were
nind-carried to EPA for carbon coating before they were transportisd to the labo-
ratory for TEM analysis.
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Rethods of Alr Sampling and Analysis
Qverview of Sampling Strateqy
Samples designated for PCM and TEM analysis were collected with both aggres-

sive and static methods in seven different work areas, Simples were also col-
lected from the surrounding environment outside the buiding. Each work area
consisted of a specific room or rooms and adjacent hallways, closets, or other
spaces that were tregted € 2 Sepirvite component OFf the totel shatewsent project.
The butlding areas sampled included the awditorium, gymnasium, 1ndustrial arts
rooms, music rooms, projection booth, TY Studin, and elevators. These sampling
locations were not telected as part of & study design; selection was dictated by
the contractor's abatement sequence and schedule. After completion of abatmeent
efforts 1n the Individeal work areas, representative PON and TEN sempies were
coliacted. AV putdoor aly samples were collected in the parking lot sdjacent
to the schonl building, expept for one that was collected on the roof of the
building.

All postabatement air sasples were coliected while the work area wis sti}}
fsolated (f.e., containment barriers were in place) byt after (1) the sudstrate
had besn sprayed with a sealant, (2} the plastic sheeting covering the walls and
Floor had been remaved, and (3} a1 surfeces Md been wet-wiped. Becsuss of
timing, Timited preabitesent momitoring in ome ares of the avditorium was com-
ducted before any abatesmnt activity in the suditorium, Insofar a3 possible,
tutdoor amd findoor air sampiing wat conducted conCurrently, But {nciement
weather or equipment availabiifty sometimes made this fapozafble.
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Whenever possible, side-by-side samples (one PCHM and one TEM) were col-
Tectad imn wach work area gader stitic and aggressive sampling conditions,
Accessitility restrictions prevented aggressive sampling in some aress, As
each building area became available, sampling was performed {n the following
sequence, Saaples designated for both PCM and TEM analysis were collected
under nonaggressive conditiont approwimately 1 to 24 hrs following & satls-
factory visual frgpection of the work area by the architect ind ontite indus-
trial nyglenist, depending on the contractor's schedule for final clesning.
Tmmediately afte-wird or on the Following dey, sempies for PCM and TEM analysis
were sgain collected, this time under aggressive conditions [1.e., twrbulent
alr movesment), Placement of the <umpling sguipsent witMn sach work Ered was
the same during both static end aggressive sampling. The number of ssuples per
work are: was not specified by study design, but efferts were made to collect
at least two of sach type of sample within sach work area.

Sampiing Equipment

Semples for FOM amalysis were collected on 37 mm Kiliipore, Type M, wixed-
cellutose sster pegdrane filters [(0.8-mm pore size}, The Filters were pre-
assembled in three-ttage polystyreme cassettes by the manufacturer, Ssaples
for TEM aralysis wers collected on 17 am Nuclepore polycarbonste membrsae
filtees [O.4-pm pore size). The polycirbonats meabrane fiiter was supported
within a theepe-stage polystyrene cassette by means 4 support pad #nd backup
#ter (Wxed=-cellylose ester membrane, 5 up pore size). Each sample cassette
was sealed with a cellulose shrink band te prewent air from entering the sides

of the unit during sampling.
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Bettery-operated personal zampling pump: equipped with rotametecs andjor
constant-fiow controls were used to draw sie through the sampls filtsrs, AN
sempling pusps were calibrated with a spap-fila flowseter before and after
sample collection. The rotaseter setting of each calibreated sampling pudg was
noted to provide a wvisua) indication of proper pump fusctioning, &nd the
settings wers checked perfodically throughout the samplimg perfod,

Sample Collection and Handling

Samples designated for both PCM and TEM analysis were collected at a known
flow rate of spproximately 2 to 3 Liwim {LPM}, Sampling duration waz & to B
brs. The average sanple volume per Filter was 1,200 L,

A1l samples were collected open-faced {i.e., with the face cidp of the
cassette device removed} to expose the saximwm effective surface area of the
filter. During sampling, the face caps were carefully stored 1n Clean, respel-
able, plastic bags, The filter casseltes were pogitioned st Breathing 2one
height {1.4 to 1.7 m, or 4.5 o 5.5 ft cbove the fipor) and were Supported by
taping the end of the sampling hose to the w11 or clipping 1t to an adjustabie
tripod., The sample cassettss were aTen positioned so that tiwe mepbrane f1lters
were angled approximately 45 degrees toward the floor,

At the end of the sampling period, each filter castetts was turned upright
(f.e., the f{lter plane was parallel to the flgoor), the sampling pump was
turned of f, the face cap of the three-stage Filiter cassette was repositioned
tightly on the cassette, the CaZsetts was disconnected from the sampling hose,
s plastic plug sms inserted {nto the cessetts outiet, snd Ihe cassetts was
placed face-up 1n 8 box for transport. AV} POX and TEN fiiter ssnples wers
saintained in this upright position from the time of collection until they were
carbon-coated or analyzed by the sppropriate Tabordtory.
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The PCH anslysis squipment was available st the Columbas Fast site, and &
portion of the PO samplies (final clearance ssxples collected ynder static con-
ditions) were analyzed onsite shortly after completion of ssmpling. R.pid
reporting of these sample results was essentia)l S0 that the building aress
could be rpleased to the contractor for additiomal nonabatesent work and reno-
vation. The eematning PCM fllters were hand-carrisd to the laboratory, wherw
they were cubsequently analyzed.

The TEM samples were submitted to the EPA Project Officer {or his represan-
tative) and napd-carried to EPA in Cincinmati, where they were carbon-coated.
The TEM samples were then pither shipped by overnignt courier or nand-carried
to the laboratory far analysis.

Static Sampling~-

Samples for POM and TEM anglysis were collected unjer stetic ponditions for
comparison with mimilar samples collected under aggressive comditions. The
sampling condition was considered static when air sovesent in the work Ares was
negiigible andfor minimized to the grestest possible exteat, Under this condi-
tion, asbestps fibers [or any other particulate satter) will settle out if
given sufficient time. Any work area, o0 Batter how contaminated, can be
totally “clean® as defined hy PCM as long as encugh tiae is &llowed to elapse
before xtatic samplimg. The probabdility of reentrsinment of thase athestos
fibers is much lower gnder static conditions then under conditions of typice!
buliding use (agyressive sampling conditions). 1In thiz study, static sampliing
conditions existed whén the work dred was sealed of f, 211 wentilation was shut
off, snd personpel access was prodibited. These are the typical conditions
under which air monitoring 15 conducted at & work site following asbestos
resoval and decontamination.
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- Aggressive Sampling--

Samples for PCM and TEM snalysis were also collected under agressive
sampling conditions. Aggressive conditions were creatsd by 1atrodecing air
turbulence into the sampling area by intermittent use of 2 hand-held electric
blower, The afr movement created was much greater tham would exist under con-
ditions of normal building use, Under these aggressive sampling comditions,
most asbestos fibers susceptible to entrainment wil) becooe afrborne and resain
suspanded for the duration of the ssmpling peciod, as Tomg as the use of fant or
the hourly introduction of alr turtwlence 15 continued. Thus an aggressive
envirgnment provided the best possible setting for high or “worst-case” airborne
asbestos fiber concentrations following abatement., Figure 1 compares airborne
fiber concentrations for POM and TEM under static and aggressive condftions,

The blower used In this study was 2 V-hp electric powsr Dlower {Figure 2).
The airflow rate at the blower outlet 13 Jspprocisstely B.S u3fﬂu: {300
fta,him., The elsctric blower wit sauipped with & two-piece plastic tube #x-
tension and concentrator nozzie that ensbied the operstor to direct the aie-
stream at objects and surfaces within the sampling area.

Aggressive sampling conditions were credted In eachn of the work arsas
sampled by an initial blow-down of 811 surfeces, followed by hourly sgitation
with the Hltwer throughout the duration of the samplfng period. During aggres-
sive sampling, al) contaimment bareiers isolating the work ares were intact, and
building air-handling systems remained off. In some instances, It was necessary
ior the contractor to remove the HEPA filtraticn units for use {n another active
work arga. Figure 3 thows the aggressive sampling procedure in progress. The
sequence of operations 15 suesarized below:
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V. A technician entared the work ares, positioned the saspling squipment,
and started the sampling pumps.

2. Using & back-and-forth motion, the technician directed the Sirstresm of
the slecivic blower ot 411 surfaces within the sempling ares (walls,
floprs, ceflings, a1} structures between walls, cellings, and floors,
and any other exposed serfaces within the enclosed ares). The tach-
afclan then sxitsd from the sampiing area,

3. After aporoxisataly 1 Ar, the technician re-gntered the work ared and
repeated the bDlow-dosm of a4l surfeces. This procedurs was then
repested hourly for the duratfon of the ssmpling period. Unless
actively engaged in manipulating the electric Dlower, the tachnician
did not resain within the enclosyre,

4, At the end of the sempling period, samples were collectsd, smeplisg
pumps were tyrned off, and the sampling eouipsent was removed from the
ared,

Tw tecwiciar gsed appropriste respiratory protectioa and decontamination

procadures.

Methods of Anatysis

Phaze-Contrast Mcroscopy--
M PO samples wers aralyzed fn accordance with NMIOSH Metnod Mo, PACAM

9 Tmis optics? wicroscopic technigue fs the sethod the OSHA uses to

seasury totsl afrborse Fibers 10 occupational environments, T EPA quidance
document pertaining to asbestos 1a twildings recommends & wisual fespectios Fol-
Yowed by &ir sonitoring by the mesbrans Fiiter collection tachnioue and PON
asalysis a3 ome methed Tor svaluating zatiafactory completion of asbestos abate-
ment and decontaaination of the wort site,’
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Afraores fiber concentrations are deterwined by NIOSH Methed Mo. PRCAN 239
through sfcroscopic examimatfon of the fibers collected on & wized-cellulose
ester membrane filter, A trisngular wedge constityting approsimataly one-eighth
of the entire surface area of the 3J7-mm-dismeter filter 1s resoved frowm the
sample cassette, moubted on @ microscope slide, and exaxined. The filrer wedge
is readered fato an optically transparent homogemcous gel By the use of a slide-
mounting splution of 1:1 (by wolome) dissthyl phthalate and diethy] oxalate. A
aicroscope equipped with 2 phase-contrast condenser is used to size and count
the fibers at 400 to 450X megnification. Only those Fibers longer than § oo
with a length-to-width ratio &f J to 1 or greater are counted. Flters are siged
by comparing fiber Yeagth with the diameters of the calibvated circles of a
Porton reticle, Sample emalysts contipues uatil at Teast 20 fibers or 100
microsenpic fields have besn counted. Microscopic field areas gereraily rcange
from 0.003 to 0.006 -2
Transaission Electron Microscopy--

Muclepore filters wire prepared and analyzed for asbestos content by TEM fa
sccordance with the Methodology for the Messuresent u‘%‘ Alrborne Asbestos by

Electrun Mtsmmm.lo The current TEM sethadology wes developed particularly

for application to samples collected from ¢ volume of alr in which the asbestos
concentration i3 considered & winor cosponent of the total particulate loading.
Carbon costing of the samples wes performed by the EPA staff. Sasple prepare-
tion and snalyses were completed by the TEM laboratory.



Three Jeweis of TiM ssalysis are described ip the methodology. Briefly
sommarized, Level I TEN anslysis inwlves examinstion of the particulates depos-
fted on the sample filter by a 100-kV TEW., Asbestos structures [fibers,
bundles, clusters, and satrices) are counted, sized, and fdentified ax to asbes-
tos type (chrysotile, amphibole, swbiguous, or no identity] by sorphology and by
observing the selectad ares electron diffraction {SALD) patterns. The width-to-
lergth ratio of each particle that {3 counted is recorded. Lavel I] TEM analy-
sis consists of & Level [ anaiysis plus chesical elementa) {dentification ty
energy-dispersive spectrum (EDS) amalysic. Emergy-dispersive analysis ts used
to deterwine the spectrus of the XY-rays gencrated Ty an asbestos structure,
X-ray elementa! anplysis is used for further categorization of the amphidole
fibers, ldentifizstion of the smbiguous fibers, and confirmation or wvalidation
of chrysotite fipers, Al Nuclepore samples collected in this study were ana-
Tyzed by Level 11 TEM.

Results
Afr Monitoring Results

The results of TEM analyses of sauples collected under static and aggressive
conditions are compared in Figures & and 5. The oeasyred fiber concentrations
after abatement varied widely under both static and sggressive sampling condi-
tions, regardiess of tie analytical sethod used. For exasple, fiber concentra-
tions determined by PCN ranged from less than 2,000 to 90,000 fiders/w’ for
static sampling and from 2,000 to 110,000 f‘ih@i’lflj for asggressive saapling.
Simiiarly, concentritions determined by TEM ranged from 6,000 to 583,000 fibers/
' for static sempling asd frow 14,700 to 1.27 willtan Mbers/a® for aggres-
stve sampling.
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Statistical Comperisons
Statistical Method of Analys{s--

The Hann-Whitmey test was used to determine whether t(he observed giffer-
ences in snalytics] methods and sampling conditions were statistvically signifi-
cant. ! Use of the Mann-Whitney test required no prior assusption regarding
the nature of the underlying probability distributfon function of seasurements
of asbestos fiber comcantrations,

Aralytical Methods--

Teble 1 compares the gshestos fiber levels detected by the PCM and TEM
methods of amalysis unde= various sampling congitionms., POX and TEM concentra-
tions relate to different fiber populations, a5 defimed by their detection
Vimits and by their standard protocols. Based on the application of the Mann-
Witney test and the assumption that the fiber/volume comcentrations are comps-
rable, the difference between PCHM and TEM results is statistically significant
(1,2,, p €0.02) for amdient sampling and for Indoor Sampling under Ttatic and
aggressive conditions., The watios of TEM/PCM concentrations for ststic sam-
pling were 5.5 for aablent samples and 5.2 for indoor samples. For aggressive
sampling, tae ratio of TEM/PCM was 9.8.

Sampling Conditions--

The difference between the geometric averdge fiber concentritfons under
static and aggressive sampling conditions (Tabie 1) was statistically sigaif-
feant [1.e., p € G.001) for PCM and TEM. The ratio of asggressive to static

fiber concentrations was 3.4 for POM snalyses and 6.1 for TEX smalyses.



Indeor Yersus Ambient Samples--

Alse included in Table | are the PCM and TEM .nalyses for cssmples collected
in tha ambient atmosphere. For samples gnalyred by PCM, the gepmetric mean
fiber concentration was 8,000 firsh: far {ndoor samples cospired with
2,000 fibers/u’ for asbient samples--a ratic of & to 1. However, the PCM
method 15 npot sufficiently sensitive for effective detection of these asbient
and indoor (static) concentrations becauss they are below the lowsr 1imit of
relfablie quantitation by the method. ConSeouently, the observed d4ifferences
between the two sample groups are probably not eeaningful.

For the TEM samples collected indoors under static corditions, the geo-
metr{c mesn asbestos fidber concentration was 42,000 f‘ibeﬂfwa' compared with
13,000 f‘izhersml for asbient samples-—a ratio of 3.1, The observed differ-
ence betwen these indoor, static TEM concentrations and the ambient TEW concen-
trations was statistically significant (P = (.09}, The ratio of indoor aghes-
tas concentrations under aggressive sampling conditions to ambient asbestos
concentrations wes 20.5.

TEM Dats from Static and Aggressive Ssmpling Conditions

Figures 4 and 5 present data from the TEM ashestos analysis reports.
Flgure & is the static TEM measursmen*, and Figure 5 i5 the agaressive TEM
analysis. The amalysis includes:

o Types of asbestos fiber: observed.

0 lumber of other fibroys structures,

o Numbers of nonfibrous asbestos particles.

0  Diameters and lengths of fibers observed ty anmalyst.

o Total ashbestos structures per cubic centimstar of air,



TABLE 1. Locparison of Asbestos Fiber Levels” Detected by PCM
and TEM Analyses lnder Yarious Sempling Conditions

Sampling Condftions

Qutdogr Postabatement Postabatement

Analytical Techn!gue (Rabient) Static hggressive

FCM analysis, Fibers/ad 2, 000+(10]7 8,000 [20] 27,000 (14}
TEM analysis , o

Athestos fibers/m3 13,000 {10] 42,000 [25] 266,000 [20]

Asbestos structura s!-:"' 15,000 64, DGO 725,000

* K11 walues are geometric means,

* Below 1imit of reliable quantitation {21,000 fibers/md).Detection limit
* fibars /o,

] = rumber of samples,
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The structural analysis data for esch TEM sample were gntered into EPA's DEC

POP 11/70 computer in Cincimnati and transferred to the IBM 3087 at EPA'S

National Computer (enter in Horth Larclina. The data were processed by using

the statistical amalysis system (5AS) and plotted by use of the TELLAGRAF

system, Length-to-width plots were made for the fibers.

Conclusions and Recommendat!ons

The foilewing conclusions resulted from this study:

1’-

The aggressive sampling technique used 1n this problem-deffnition study
rovealed that air-entrainable asbestos remained at this site immediately
after completion of abatement actions, The mean asbestos fiber concentra=
tion during aggressive sampling, as determined by TEM, was about 6 times
that of the gean asbestos Fiber rconcentration during static sampling,

The fiber concentrations measured under aggressive sampling conditions wers
higher than those measured under static conditfons regardiess of the analyt-
fca) method used, The ratioc of aggressive to static fiber concentrations
during PEM analyses was 3.4, whereas this ratio during TEM analyses was 6.3,
The average PCM concentration during aggressive sampling conditions was 0,03
fibar/cn’)--less than the NIOSH-recomsended occupational Tlimit of 0.1
fiberfci'3. Thiz 8 nr time-weighted averdge 15 Ffregqently cited in abate-
ment contractor specificetions as the fimal postabatesent acceptance crite-
rion,

The study resylts clearly demonstrate that onder similar sampling condi-
tions, TEM analysis detects pore fibers than PCM.  The ratio of TEM/PCM
concentrations for static sampling was 6.5 for apbhient samplez and 5.2 for
indoor samples; the ratio for sggressive sampling was 9.8.



4,

Concentrations of wart ares asbestos fibers that were deterwmined by TEM and
measured by both aggressive and static sempling eethods were significantly
higher than ambient TEM concentrations, The actual environmental conditions
that exist in 2 milding after reoccupancy, veactiation of eentilation
systens, and the veturh tO typt::gl usége paLterns are sotewhere hetwesn the
static and aggressive sampling conditions,

The following recosmendations are based on the study findings:

1.

TEM should be recommended ac the anmalytica! method of choice for messuring
afirborne asbestos fiber concentrations for final tlearance testing in stmo-
spheres of buildings that have undergone 2sbestos abatement. However, the
current TEM protocols are very time-consuming and expensive for routipe use
in Targe surveys.

PEM analyses smould be conducted as & preliminary check to determine whether
agditional cleaning 15 necessary before final clearance testing by TEN, The
PCM analyses are relatively {nexpensive and can be performed auickly.

A criterion should be established to define an scceptable asbestos fiber
concentration in buiiding areas after asbestos adatement, byt not until a
standardized TEM protocol znd an aggressive sampling procedure have been
developed and validated. Once developed, these methods should be required
for a1l postabatement sssaszments,

Resesrch should continue {n the arees of asbestos msasurement, sampling,
hazard assesssent, and abatement comtrol technology to that ashestos hazards
in buildings can be effectively reduced. Ope important research svenue
should be the development of quicker, less expensive methods for monitoring
the atmosphere in buildings after asbestos abatement,
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