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Abstract

For the first time, the release of res-
pirable asbestos fibers has been quanti-
fied in terms of standard mechanical
forces using widely accepted method-
ology and specified QA/QC procedures.
Both fabrication of new products from
asbestos containing materials and re-
pair or removal of in-use asbestos con-
taining products contribute to the total
environmental exposure to asbestos.
There is a need to assess these materi-
als and operations with respect to the
potential severity of their fiber releases.
This research consisted of performing
several simulated industrial/commer-
cial shaping operations on several as-
bestos containing products. The rates
of fiber release, expressed as fibers per
cubic centimeter of air inside an en-
closed test chamber per gram of as-
bestos milled, were measured. The fil-
ter samples were analyzed by the
transmission electron microscope
{TEM) method. Lengths, widths, and
type of asbestos were reported for
fibers and other ashestos structures. In
addition, samples were taken for phase
contrast microscopic (PCM) analysis
during most of the experiments. The re-
sults of these analyses are compared.

Research on the release of asbestos/
substitutes resulting from commercial
product manufacture, use, and disposal
is of continuing importance. More infor-
mation about the quantities and dimen-
sions of fibers released during these ac-
tivities is required in order to develop
effective control methods to help pro-
tect the public health.

This Project Summary was devel-
oped by EPA’s Water Engineering Re-
search Laboratory, Cincinnati, OH, to

announce key findings of the research
project that is fully documented in a
separate report of the same title (see
Project Report ordering information at
back).

introduction

The scientific community is in general
agreement that exposure to asbestos
dust increases the risk of: (1) asbesto-
sis, a fibrotic disease of the lung
whereby imbedded dust fibers are sur-
rounded by scar tissue; (2) lung cancer;
(3) mesothelioma, a cancer of the mem-
brane lining the chest and abdomen;
and (4) cancers of the gastrointestinal
tract. Prevailing opinion is that there is
no minimum dose causing the various
cancers. The environmental release of
asbestos fibers from the use and dis-
posal of numerous products may
present widespread harmful exposure
to the general public.

Presently, government agencies such
as the National Institute for Occupa-
tional Safety and Health (NIOSH) and
the Occupational Safety and Health Ad-
ministration (OSHA) are directing atten-
tion to the hazards of asbestos exposure
through proposal of more stringent reg-
ulations. Current OSHA standards limit
asbhestos exposure to a time-weighted
average of 2 fibers/cm? over an 8-hr pe-
riod, with a 15-min ceiling limit of 10
fibers/cm®. The existing standard is
based on counts of fibers 5 p. or longer
in length and having an aspect ratio
greater than 3:1 using Phase Contrast
Microscopy (PCM) to analyze samples
collected from the breathing zone.

The overall objective of this research
is to develop and verify testing proto-
cols for quantifying fiber release from
commercial asbestos products and pro-



posed substitute materials during com-
mon fabricating operations, and sec-
ondly, to obtain actual fiber release dats
with which to rank the release potential
of various asbestos product/commer-
cial operation combination. The initial
research project was developed by
three phases to study environmental re-
lease:

* Phase | - Preliminary assessment to
define th.a status and applicability of
any existing methods.

» Phase |l - Development of a stand-
ard test method.

* Phase lit - Tests of the potential fiber
release of some representative as-
bestos products/operations.

Phase | was an assessment of previ-
ously existing laboratory procedures
used to estimate asbestos release rates
and/or exposure in the atmosphere. No
reproducible methods could be found
for generating and measuring the re-
jease of asbestos fibers during indus-
trial operations on asbestos-containing
materials. Aiso, no procedure that could
be considered controtled and repro-
ducible was identified. Therefore, this
research effort proceeded with the de-
sign, construction, and testing of the ap-
paratus and identification of the anakyti-
cal techniques that together would
constitute such a3 method and test the
reproducibility of the method. The re-
sult of Phase | was a recommendation
of test procedure for measuring the as-
bestos fiber released during commer-
cial product use. Phase il fully devel-
oped and tested the laboratory
procedure. The objective of Phase il was
to evaluate the precision of the labora-
tory procedure and to determine its sen-
sitivity to varistion of fiber generating
and sampling factors. Phase il included
additional precision tests and a compi-
lation of an asbestos fiber release po-
tential index that ranked various pairs of
material operations according to their
potential for causing worker and envi-
ronmental exposure to asbestos fibers.
in addition, simuitaneous samplaes were
taken and analyzed by the NIOSH PCM
maethod during 32 of the experiments.

The test methodology developed for
the project is referred to as the “glove
box” method, An apparatus was devel-
oped that aliows reproducible geners-
tion of a cloud of asbestos fibers within
a confined volume. The fibers are gen-
erated by means that are physicsily sim-
ilsr to common industrial operations.
The squipment was constructed from
readily available parts so that it could be
reproduced by other investigators. The
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apparatus consists of a table top glove
box, a controlled, variable speed work
feeder, a remote power source coupled
to the tool by a flexible drive shaft, a fan
to provide consistent mixing within the
glove box, a filter holder, and means to
withdraw up to four samples at constant
rates.

Development of an asbestos fiber re-
lease potential index required means to
generate ¢n aerosol that wouid allow
ranking of industrial or commercial op-
erations on the various products. To this
end, the tools and the machining rates
and materials to be used miricked, as
closely as possible, those operations
commonly employed. The intent was to
reproduce the mechanism of the com-
mercial operation, not to reproduce the
entire commercial operation. The tools
were actuated mechanically rather than
by hand to enhance the precision and
repeatability of the experiments.

The test materials were obtained di-
rectly from manufacturers insofar as
was possible. Direct contact was made
with the quality control department (or
other apprapriate division) to be sure of
obtaining materials for which manufac-
turing specifications were known.
These data included the percent as-
bestos, the nature and composition of
binders and extenders, and the results
of any other physical and chemical ana!-
yses that are available. The information
attainable from manufacturers was in-
adequate in some cases so the fiber re-
isase potential index computations
were based on bulk analyses. Thase
bulk analyses and the PCM analyses
were performed at the Mt, Sinai School
of Medlcine, Environmentat Science
Laboratory.

A test procedure and quality assur-
ance plan were developed. The snalyti-
cal procedure of choice was the provi-
sional EPA transmission electron
microscopy (TEM) method that was de-
veloped for EMSL/RTP by the lilinois In-
stitute of Technology Research {IITRI)
under separate contract. The repro-
ducibility of the procedures was tested
during this project by replicate perfor-
mance of the same experiment {sawing
of an asbestos cement sheet) and found
10 be good. Uitimately, the TEM analy-
sis was chosen over the PCM method
because of its superior capacity to pro-
vide information about the concentra-
tion of very smalil particies,

There is debate among asbestos re-
searchers as to which configurations of
small asbestos particles are hazardous.
Some adhere to a strict definition of

fibers; other include other structures
such as bundles of fibers, agglomera-
tions of fibers, and fibers adhered to
small pieces of binder or other material.
The TEM data of this research include
counts of all of these structures and
fiber release potential factors calculated
only for fibers. All data have been re-
ported to facilitate aiternate computa-
tions by any reader.

Procedure

To test the potential for release of
fibers from commercial use, an as-
bestos fiber generation system was de-
signed and built to simulate commercial
product shaping. The material/opera-
tion (M/0O) chosen for evaluating the
techniques was sawing asbestos ce-
ment sheet. The fiber generation sys-
tem was contained in a controtied atmo-
sphere glove box, as is the sample
collection apparatus. Samples were col-
lected on Nuciepore®*® polycarbonate
filters and sent to the laborstory for
analysis of asbestos fibers.

Equipment

The equipment used for generating
and measuring airborne asbestos con-
sisted of the following components:
1) controlled atmosphere glove box,
2) fiber generation system, 3) air sam-
pling system, 4) glove box decontami-
nation unit, 5) carbon coating unit,
6) TEM, and 7) PCM.

Glove Box

A Labconco controlled atmosphare
glove box (Figure 1) served as the
sealed test chamber for the fiber gener-
ation and air sampling system. The inte-
rior volume of the glove box is about
0.33 m3. The glove box provides a com-
pletely sealed environment in which to
conduct the expsriments. The glove box
has 8 0.01 m? interchange compartment
to prevent contamination of room air
during passage of materials into or out
of the main chamber. Two 20-cm-
diameter glove ports are iocated on the
front of the box, with a pair of neoprene
gloves clamped to the ports for use in
manipulating componants inside the
test chamber. The glove box was aiso
equipped with a 70- by 48-cm safety
glass viewing panel, two 115.voit elec-
trical outiets, and one 15-watt fluores-
cent light. The glove box was made of
f::er glass reinforced polysster mate-
rial,

*Mention of wvade names or commercial products
Sou':otcom«mmlcmnmmmm
on for use.




Fiber Generation System

The secondary manufacturing opera-
tion initially simulated in the glove box
was the sawing of asbestos cement
sheet. The fiber generation system con-
sisted of a circular saw, saw table, mate-
rial feed mechanism, and asbestos ce-
ment sheet. The design of the system
attempted to minimize the number of
components inside the box and to use
off-the-shelf components to the extent
possible.

A small saw table {Figure 2) was fabri-
cated to support the saw and power
shaft, as well as the asbestos cement
sheet. The table is 30 cm long, 13 cm
wide, and 18 ¢cm high, and is bolted to
the floor of the glove box. Two spring
clips and metal bar hold the materials
firmly in place as it is fed to the saw. The
material feed apparatus is shown in Fig-
ure 3.

Air Sampling System

Air samples were collected by pass-
ing a known volume of air through a
polycarbonate membrane filter. Real
time monitoring of asbestos fibers was
conducted using the GCA Fibrous
Aerosol Monitor (FAM) (Model FAM-1).
The FAM is designed to automatically
count airborne fibers for sample times
of 1, 10, 100, and 1000 min and display
the count and resulting concentration
on a digital display.

Glove Box Decontamination
Unit

A Dayton vacuum (Model No. 27564)
and Dayton asbestos filtering system
{(Model No. 6X724) were used to decon-
taminate the glove box. The vacuum
line runs from the glove box to the vac-
uum unit and the filtering system, which
was located outside the building. The
vacuum is rated at about 90 ft3/min. The
asbestos filter system meet OSHA
standards for vacuuming asbestos and
consists of a HEPA cartridge filter to
back up the primary collection bag. The
decontamination unit was designed to
remove asbestos in the box without
contaminating room air during the
cleaning cycle.

Disposal polyviny! gloves are used to
transfer used asbestos cement sheet
from the glove box to sealed plastic
bags. Whenever the glove box was
opened for washing, a personal respira-
tor with a NIOSH-approved filter car-
tridge was worn in addition to the dis-
posal gloves. Disposable towels were
placed in sealed plastic bags after use in
‘washing the glove box interior.

Figure 1.

Figure 2.

Controlled atmosphere glove box.

Sawing/grinding table.
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Carbon Coating Unit

Carbon coating of the polycarbonate
filters was performed using a Thernm
omics (Model TLT 10) Vacuum Evapora
tor rented from the Department of
Anatomy of the George Washington
University v Wasthungton, D.C.

Transmission Electron Micro-
scope

Fiber counting and siing was per
formed usmg HTREUs 100 KV TEM. The
filters were prepared moa clean room
adjacent to the TEM room. The hilters
weter transforred to an electton mcro
scope (EMD grud. and the hilter was dis-
solved g modthed Jafte Wick Washer,
The EM and was viewad under a fluo
reseent viewsng sereen msenbed with
graduations o estimate the length and
witdth of hibrous partictes

Laboratory Procedures

The taboratory proceduzes for gene
aterg dned st aichorns asbestos
consist of seven steps Visample propa
ration, 20 b gqeneration, ,x...mpln
corbed ey, 0 qployes hox decontanung
hort Srcarhon coating O transfer to EM
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gried. and 71 TEM examunation amnd data
collection.

Sample Preparation

A samples were taken on 37 mm
diameter, 0.4 pore size polycarbonate
fibers. The stuny, stnooth side was used
as the particle capture surface. The hilter
was supported by a cellulose pad in a
37 mm plastic hiter holder. A grece of
tape. which ilso served as g iabel, was
placed on the hiter cartridge so that
totmed an g hight seal between the
bottom hatt and nuddle ring of the plas
te fiiter holder

Fiber Generation

For the mntial set of runs. the sawing
ol asboestos cement sheet was the
wethod for the geonetation of fibers, The
ashiestos cement shoet was fed inta the
SdWowhiee! U o constant rate by o van
able speed motor The length of mate
real cut and the e requuned for the eat
wore tocorded on the data shest Proar
tos thee cat, the fanan the ont left cornet
of the glove bos was switched onto or
tpdate the e asade e box dureeg the
vt The fan operated duning the cat, bt

was switched off at the end of the cut
because Large cemaent particles teom the
bhottom of the hox wete reentramed of
the fan were left on,

The theoreticat setthing rate data are
mn close agreement with actual setthng
data obtwned under working condi
tions. Fibers 1 1o 5 o length with an
aspect ratie ot roughly 51 are a com
mon matenal dispersed from overhead
wnsulation i buddings. The setthing ve
focities tor hibers b g, 2 o, and Y pon
tength, with o 5.1 aspect ratco and with
an axis athitude varymg betveeen vert
cal and horzontal, would be approxn
mately 2 - 10 5,4 - 10 L and 1 - 10
cm seg, respectively  The theotetical
times needed for such fibers 1o settle
from a 3 o () 1) tugh coding are 4, 20,
and 80 hr o snll aer Tucbhutence will pro
long ther suspension.

[

Sample Collection

Dunng the sawing poenod, the Oiters
were posthioned in the samphng head
and covered with the top of the sam
phng bead. After the cut was completed,
the filters remaned coveraed tor a penod
of 10 nun to allow larger particles to set
tle out, After the 10 nure wint period, the
samphng head cover was remnved, the
sampling pump and FAM switched on,
and a 10 oun sample drawn through the
polycarbonate filters and FAM, The ro-
tameter setings were preset to provide
flow rates of about 0, 0.5, 1.0, and 1.75
L mun, No air was diawn through one of
the filters so that the effect of particles
setthng onto the filters or contaming:
ton dunng handling could be duter
nuned.

Glove Box Decontamination

Immediately after the filters wore e
moved from the glove box, the glove
box was tharoughly vacuumed, includ
ing the floor, saw table, side walts, ning
standd, fan, and rubber gloves, Makeup
it was pulted theough the NIOSH
dapproved filter cartnidges mounted on
the side of the box. The vacuuning took
abont 10 nun A 10 nun sampte was
thoen taken with the FARM to detornne of
the box was suttiaently clean o pro
verd with another expeniment. The on
tenon of 4 FAM teading of fess than @ 10
foec tor a 10 mm average was selected
tor the mdication ot g clean glove box i
the FAM 1eading exceodoed O 10 e, the
dlove box was tevacuumed and or
washed usig water, papes towels and
tispasable gloves A respoator was
wartt dunmgg all these aperations



Carbon Coating

The carbon ccating of the polycar-
bonate filters was performed at the
George Washington University, about
10 miles from the ES laboratory. The
polycarbonate filters remained in the
plastic filter holder at all times, so there
was no handling of the filters prior to
the application of the carbon film to the
filter.

Transfer to EM Grid

The collected particles from the car-
bon coated polycarbonate filter were
transferred to an electron microscope
grid. The transfer was accomplished in
a modified Jaffe Wick Washer. Briefly,
the Jaffe Wick Washer is a petri dish
containing a substrate to support the
EM grid and carbon coated polycarbon-
ate fifter. Solvent is added to cause dis-
solution of the polycarbonate mem-
brane with a minimum loss or
distocation of the particles. The result is
a membrane-free EM grid with particles
embedded in the carbon coating.

TEM Examination

The EM grid was examined in the
TEM at a magnification of 250X to as-
sess the quality of the EM grid. Since
asbestos fibers were found isolated as
well as with each other or with other
particles in varying configurations, the
fibrous particles were characterized as
asbestos structures of the following
types:

« A fiber was defined as a particle

with an aspect ratio of 3:1 or greater
with substantially paralle! sides.
A bundie was a particle composed
of fibers in a parallel arrangement
with each fiber closer than one fiber
diameter.

« A cluster was a particle with fibers
in a random arrangement such that
all fibers were intermixed and no
single fiber was isolated from the
group.

* A matrix was a fiber or fibers with
one end free and the other end em-
bedded or hidden by a particle.

Figure 4 demonstrates the different
types of asbestos structures.

The asbestos fiber count was given in
terms of the number of asbestos struc-
tures that were identified. Thus, a clus-
ter was counted as one asbestos struc-
ture, even though there were numerous
individual fibers comprising the cluster.
Similarly, a bundie was counted as ony
asbestos structure, even though the
bundie was composed of several

{though not always distinguishable)
fibers.

Width and length measurements
were obtained for individual fibers, and
a cylindrical shape was assumed for
volume caliculations. Bundles and clus-
ters were sized by estimating their
width and length. A summation of indi-
vidual diameters was used to obtain
total width and an average length for
the total length. A laminar sheet shape
was assumed with the average diame-
ter of the individual fiber as the thick-
ness. Matrices were sized by summa-
tion of the best estimate of individual
fiber components. A laminar or sheet
structure was assumed for volume cal-
culation.

The selected area electron diffraction
{SAED) pattern was obtained for the
fiber portion of each structure by use of
the field limiting aperture. Electron
diffraction patterns from single fibers of
asbestos minerals fall into distinct
groups. TEM and SAED patterns ob-
tained with standard samples were
used as guides to fiber identification.
From the visual examination of the elec-
tron diffraction pattern, the structure

Count as 1 Fiber

Count as 2 Fibers

|

Count as 3 Fibers

|

Dz
e

Count as 1 Bundle

st
—
——

—1;‘3“'—_5:—:‘:5/.—

x F
I

Typeas of asbestos structures.

Count as 1 Cluster

A

Count as | Matrix

4

Figure 4.

was classified as belonging to one of
the following categories:

+ Chrysotile

+ Amphibole group

* Ambiguous

+ No identification

Data Reduction

The basic quantities to be calcutated
are air flow rate, fiber number concen-
tration, and fiber mass concentration.

Some means for assuring compara-
biiity among diverse M/O combinations
was needed. This was done by weigh-
ing the material before and after each
experiment to determine the amount of
material actually machined. These
weights were measured on a laboratory
balance having a 160-g capacity and a
sensitivity of 0.1 mg. The weight loss,
together with the percent asbestos (as
per phase contrast microscope and
x-ray fluorescence analysis) in the ma-
terial, provides a factor by which the re-
sults were normalized. This factor was
merely the mass of asbestos machined
from the piece of material. The concen-
tration of asbestos fiber measured was
divided by the mass of asbestos ma-
chined so that the units of the concen-
tration measured were:

Fibers/cm3
(Gram Milled){Fraction of Asbestos)

The mass of asbestos removed from
each product by each operation was
held constant so that the sawing.
drilling, and sanding experiments have
a common basis. The fiber concentra-
tions in the aerosol generated during
these experiments are then a true re-
lease pcential index. in addition, a nor-
malization on the volume of material
milled will be developed. Other factors
affecting worker exposure {such as the
length of time of the operation on a ma-
terial, the mass of asbestos machined
away during the operation, and the ef-
fectiveness of any contro! devices) can
be tested later so that the index values
can be used to project potential expo-
sures.

Personnel Protection

At the cnnglusion of each experimen-
tal run, the operator removed the filters
from the main glove box chamber and
placed them into the smaller chamber.
This smaller chamber (0.01 m3} was
sealed off from the contaminated larger
chamber during the experiment. During
removal of the filters fror the smalier
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compartment, and during the subse-
guent vacuuming of the larger cham-
ber, the worker wore a mask {(MSA-Type
S filter or equivalent) for his protection
from fugitive particles. The air in the
room was tested for fibers periodically
with the FAM.

Results and Discussion

The experimental design of this study
has been based upon achieving the fol-
lowing objectives:

« Determining the precision of the en-
tire fiber release analytical system
(composed of fiber generation sys-
tem, air sampling system, carbon
coating unit, and TEM particle
counting methods).

« Comparing TEM results to PCM re-
sults.

« Collecting data for asbestos fiber re-
lease potential index.

The first of these objectives is of pri-
mary concern because determining the
precision of the analytical system must
precede all subsequent efforts to evalu-
ate asbestos containing products in the
laboratory. The second objective is im-
portant because broad application of
the method for testing will require
knowledge of how the methods may be
compared. Collecting data for the fiber
release potential index was done to de-
termine if the resulting values were sig-
nificantly different and if the various ex-
perimental parameters could be
measured accurately.

System Development and
Testing

Approximately 20 preliminary tests
were conducted in Phase | of the project
to establish the values for several of the
test variables. After these values were
established it was determined that fiber
loading test results could be repeated.
Phase Il consisted of nine reproducibil-
ity tests using the cut off wheel on as-
bestos cement sheet to establish the
TEM sampling criteria. Phase Il {(con-
sisting of five material/operation tests
of eight runs each) was designed to de-
termine whether a fiber release poten-
tial index could be developed and if so,
what was the range of values. During
this effort, two additional tests were run
to determine the effect of inverting the
sample filters. In addition, two tests
were run with the filters located at the
top and bottom of the glove box to de-
termine if there was stratification of the
fibers. A test matrix of the three phases
of the project is shown in Table 1.

Table 1. Test Matrix
No. of
Phase Description Tests Operation Material Analysis
I Preliminary experiments 20 Cut off wheel Asbestos Gravimetric
cement sheet & SEM
) Reproducibility tests 9 Cut off wheel Asbestos cement TEM
sheet
] Fiber environmental 8 Sawing Asbestos cement TEM
release index tests sheet
* Inverted samples 2 Sawing Asbestos cement TEM
sheet
» Stratification tests 2 Sawing Asbestos cement TEM
sheet
i Fiber environmental 8 Sawing Miliboard TEM, PCM
release index tests
m Fiber environmental 8 Grinding Brake lining TEM, PCM
release index tests
i Fiber environmental 8 Drilling Asbestos cement  TEM, PCM
release index tests sheet
1] Fiber environmental 8 Drilling Millboard TEM, PCM

release index tests

Comparison of TEM to PCM
Results

Millipore filter samples were col-
lected for PCM analysis during all M/O
runs except those for sawing of as-
bestos cement sheet with the cutoff
wheel. The results of the PCM analyses
were compared to the TEM analyses of
the Nuclepore® filter samples that were
collected simultaneously for four of the
M/O experiments. The samples taken
for PCM analysis during the brake
shoe/grinding experiments and the in-
verted Millipore filter samples have
been saved but not analyzed because of
budgetary restrictions.

It was first attempted to correlate the
PCM result to the total asbestos fiber
result of the TEM analysis. Even though
the TEM is able to discern far smaller
and therefore far more fibers than the
PCM, it was thought that there might be
some multiplier which could be applied
to the PCM result to adjust for its lesser
sensitivity. The correlation between the
two measurements is decent for the
millboard/saw experiment. The resuits
for the other experiments are poor: the
slopes are negative and the correlation
coefficients near zero.

Correlation was tried for all structures
(except matrices) found by TEM to the
PCM result. The correlations were sim-
lar to those obtained for the asbestos

fibers. An attempt was made to corre-
late the total NIOSH fibers (fibers longer
than 5 p. with an aspect ratio =3.0) actu-
ally counted by the TEM analyst to the
PCM result. Such fibers were seen on
only 2 of the 32 filters analyzed by TEM,
and the resulting correlation was uni-
formly poor. Next, all asbestos struc-
tures (again except matrices) not having
a length greater than 5 p and an aspect
ratio =3.0 reported by the TEM were
considered. Again, no correlation was
found.

In the comparison of TEM to PCM re-
sults, the number and percentages of
asbestos fibers, all structures, and as-
bestos bundles and clusters that project
to be longer than 5 u. were examined.
The inescapable conclusion is that al-
most none of the structures generated
and measured during these tests are
longer than 5 p. and that restricting the
analysis to those that exceed 5 p. is tan-
tamount to deciding to ignore 99% of all
the asbestos fibers generated during
the machining operation.

The difficulty in correlating TEM anal-
ysis with PCM results appears to be
over the particles with diameters less
than 0.4 p and lengths smaller than 5 ..
The graphic plots of the TEM data for
Filter 230 Saw AC Sheet, Filter 362 Drill
AC Sheet, Filter 314 Grind Brakes, and
Filter 282 Saw Millboard (Figures 5, 6, 7, .
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and 8} illustrate the particulate sizes as
seen by the TEM and the PCM vs TEM
comparison difficulties.

Only 14 of the 480 structures reported
by TEM for the 8 sawing asbestos ce-
ment sheet with the toothed blade were
larger than 0.3 . in diameter. When only
asbestos fibers are considered, the situ-
ation is even worse. The TEM has suffi-
cient resolution so that any structure
larger than 0.125 p. in diameter is classi-
fied as a bundle or cluster. There are by
definition almost no TEM fibers larger
than 0.125 p. This observation led to the
attempt to correlate the PCM resuit to
the concentration of clusters and bun-
dles longer than 5 u with aspect ratios
=3.0. There is no correlation between
the fraction of particles longer than 5 p
and the fraction having a diameter
greater than 0.3 n.. We have arbitrarily
chosen 0.3 p. as the smallest size particle
visible with the PCM. It may be that
0.2 p. particles are visible with the PCM.
It may be that 0.2 p particles are visible

to a skilled microscopist, but that would
not change the conclusion that the vast
majority of particles reported by TEM
are not visible with a light microscope.
Figure 9 illustrates the PCM operator's
difficulty. This electron photomicro-
graph reveals several structures that are
obviously distinct single fibers and two
larger bundles of fibers. The larger of
these two would be seen by PCM and
labeled a fiber.

It should be noted that 0.0625 . is an
approximation of the fiber diameter that
resuits from the rounding to the nearest
1/16 u. Precision measurements by other
researchers indicate that this smallest
diameter, which is regarded as compris-
ing an asbestos fiber, lies between 0.03
p and 0.07 p.

The total number of fibers counted
during the PCM analyses was some-
what low; only the filters collected dur-
ing the millboard sawing experiments
exceeded the 10 counts/100 fields crite-
ria established by NIOSH. This, in itself,

is an interesting result. Ten minutes
after cessation of a shaping operation
the PCM analysis shows low levels of
fibers when in fact the concentration of
asbestos fibers is in the hundreds of
fibers per cubic centimeter. Projections
of the number of concentration of clus-
ters and bundles, which are the struc-
tures most likely to be identified as
fibers by a light microscopist, indicate
the values of their concentrations to be
over twice the concentrations measured
by PCM. If structures identified as fibers
{almost all of which have such small di-
ameters that they are not visible by
PCM) are included, the error increases.
Further, other researchers have re-
ported that if TEM counts are extended
to thousands of particles (from the hun-
dred or so counted in these analyses)
more large (>5 p) structures are found
than is expected based upon the
log-normal distribution of the shorter
fibers. This again implies that the PCM
method, in addition to not detecting
over 99% of the total asbestos particles
in the aerosol, has underestimated the
concentrations of structures it ought to
have measured by a significant margin.

Asbestos Fiber Release Poten-
tial Index

After gaining assurance that the tech-
nique was reproducible, the experimen-
tal effort turned to development of a
fiber release potential index. This index
was to be a quantitative measure of the
propensity of asbestos containing ma-
terials to release fiberous particles dur-
ing their subjection to various industrial
or commercial machining operations.
Sawing (with two different types of saw
blades), drilling, and grinding were se-
lected as the operations to be tested.
Asbestos cement sheet millboard and
brake shoes were the material chosen.

The results (Table 2) appear to form
the basis for a system for ranking vari-
ous M/O pairs. There are other differ-
ences between the various M/O pairs in
terms of the types of structures that
they are prone to produce. For example,
brake shoe grinding produced signifi-
cantly more bundles and clusters than
any other operation when all structures
are considered (Table 3) and when only
asbestos structures are considered
(Table 4). Sawing asbestos cement
sheet with the toothed saw blade pro-
duced more matrix particles than any
other operation. Interestingly, the per-
cent of all structures that were identified
as asbestos is more or less constant and
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is not well correleted with the percent
asbestos in the material being milled.
This probably implies that most of the
non-asbestns particles generated dur-
ing the milling ope: ations are larger and
settie from the aerosol during the 10-
minute waiting period. This meang that
the test procedure to a large extent seg-
regates the important (asbestos rei:ted)
portions of the dust crestec during
milling from che less important genera-
tion of extraneous dust.

Conclusions

The literature survey carried outin thio
early stages of this project reveated nu
procedure, which couk’ be considered
controlied and reproducible, existed for
generating an asbestos aerosol vy oper-
ations similar to commercial/ir qustrial
machining of non-friable asbestos bear-
ing products. A technique was de~!-
oped for generating such an aerosol.
The technique is timple and rela* soly
inexpensive, and is sufficiently fle. ibie
to be adapted to mimic a variety of in-
dustrial milling operations on a vari:®
of products.

TEM was selectod for analysis of the
sampled partizles because of its abiity
to discern extremsiy small particles and
to differentiate asbestos from other
fibers. The reproducibility of the tech-
nique of the combined generation/ana-
fytical system was found to be excellent.
Relative standard leviations for repeti-
tive perfcrmances of an experiment
waere typically ir the 40% to 80% range.

An index that rustes the propensity of
six industrial/‘commoercial operations on
three asbegtos boaring materials was
develorad. The unis of tho index are:

Asbestos Fibers
{Gram Asbestos Maciined) (Air Seampled, cm3)

The expurimental procedure maintains
the amount of asbestoz machined rela-
tively Gconstant so that errors of scale are
elimirate:d and so thui the filter samples
collectec are ol iveced properly for
TEM cnaivsis. Normaiizing the data on
the grerin of ssbestos actuslly ma-
chined during an experiment removes
the residuai variancy within an experi-
mental set and the residual variance
among the various a.perimants. The
various material oparations tested are
listed in decreasing order of their
propensity to generaty asbestos fibers
in Table 5.

Stratification of particles within the
aerosol was tested by sampling simul-
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taneously at high and low elevations
within the glove box. The aerosol was
found tu be homogeneous.

C./ferances in concentrations mea-
sured by upward-facing as opposed to
downward-facing filters were tested by
sampling simultaneously with upright
an- inverted filters. No significant dif-
ferance was found,

Fiber and structure lengths were
found to be log-normally distributed.
Fiber and structure diameters do not fit
tha log-normal distribution as well be-
cause of the large number of 0.0825 u
{approximately) diameter fibers,

Correiation between TEM resuits and
PCM results was attempted. Samples
were takon witt. Millipore filters during
32 of the exps«iments, reprasenting
four different ii'O pairs. No ¢ relation
of the PCM ana'ysis of these fiters with
tha TEM anal«is of the Nuclspore® fil-
ters that were 2xposed simuitaneously
could be four-w. it was detcrmined that

only approximately 1% of the structures
identified by TEM were longer than 5 u.
None of the structurcs idertified as be-
ing filers by the TEV have diameters
sulficiently large to ba seen by the PCM.
We were unable to identity any subsst
of the TEM data tha! would correlate
with the PCM data.

Recommendations

The results of this study have sug-
gested several avenues of future re-
search to define and assess the dangers
of undetected inhalable ssbestiform in
atmospheres.

1. Testing should be extended to in-
clude additionat asbestos products
and products containing different
types of asbentos {ashestiform;
fibers.

2. Future work should include testing
of slow spusd cutting equipment
to evaluate fire particulate envi.
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~

ronment as it has besn reported
that reducing tool speed signifi-
cantly reduces fiber release.

. The efficiency of various vacuum

and wetting devices in reducing
the amount of asbestos released
into the environment should be in-
vestigated. This would include the
abatement procedures and final
disposal evaluation criteria for as-
bestiform materials.

. The effects of agglomeration and

settling on the fine fiber concentra-
tion in the aerosol shouid be inves-
tigated. Agglomeration may signif-
icantly affect the concentration
and size distribution of suspended
fibers and the inhalable particulate
fiber fraction thereof.

Work on developmaent of a correla-
tion between the TEM and PCM
methods should continue in order
to determine whether data col-
lected by the iatter may be corre-

lated with heaith effects data. In-
formation on the scanning
electron microscope should also
be included.

6. Means should be developed for re-
lating the data provided by this
technique to worker and general
public environmental exposures.

The full report was submitted in fulfill-

maent of Contract No. 68-03-3040 by
Engineering-Science under the spon-
sorship of the U.S. Environmental Pro-
tection Aqency.
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Figure 9. Electron photomicrograph of fibers, bundles, and matrix particles—asbestos cement
sheet/saw. :
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Table 2.  Asbestos Fiber Release Potential Index
Asbastos Fibers per cc per gm Asbestos Milled

Relative
Standard
Material| Number Average Standard Deviation
Operation of Tests (t7ccrgm) Davistion %)
AC sheet -] 1638.3 336.6 18.4
Cut-off whee!
Millboard 8 646.6 435.2 62.3
Saw
%gm 8 465.1 2172.3 46.7
rind
AC sheet 12 305.4 363.7 119.1
Saw
AC sheet 8 282.9 222.6 78.7
Orill
Millboard 8 105.2 32.0 30.5
Drill
Table 3.  Distributior of Structure Types Generated During Asbestos Release Experiments
{TEM Analysis)

Operation Fibers % Bundles % Clusters % Matrices %
Cut-off AC sheet 76.3 9.5 84 7.8
Saw millboard 77.2 6.2 12.3 53
Grind brakes 63.2 14.2 18.8 38
Saw AC sheest 62.4 12.4 5.5 18.7

* Drill AC sheet 82.5 3.8 8.1 7.6
Drill miliboard 934 0.0 25 41

Table 4.  Distribution of Asbestos Structure Tynes Generated During Asbestos Release

Experiments (TEM Analysis}
Asbestos Structure Distribution
Percent Percent Parcent Percent
Matoriall Asbestos Asbestos Asbestos Asbestos Percant

Operstion Fibers Bundles Clusters Matrices Asbestos
%q_%__ 528 6.7 4.7 54 65.7

ut-off wheel
Mil 64,8 4.7 102 34 83.0
m 45.0 108 13.8 28 724

"

4C sheet “©3 76 48 13.6 ”%.2
AC theet 616 34 .3 84 7.7
Yioerd 6.5 00 1.1 45 M2

1"



Table 5. Environmental Release

Environmental

Release Index
Material Operation Value
Asbestos cement sheet Saw (cut-off wheel) 1838
Millboard Saw (toothed blade) 647
Brake shoes Grind 465
Asbestos cement sheet Saw (toothed blade) 305
Asbestos cement sheet Drill 283
Miliboard Drill 105
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