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SRI INTERNATIONAL

SRI International is 2 prodlem-solving organization that provides
consulting and research under contract for clients in business anc goverraent

throushout the world,

Since SRI was founded in 1946, the problems confronting our clients have
32 increased in canplexity that few of them can be solved within the confines
of a single discipline. The organization is uniquely qualified to deal with

such intricate preblems. Professionals representing more than 100
gisciplines cemprise nearly two-thirds of the 3,000 staff members.

SR1 performs consuiting and research for the public sector in sucth areas
?s urban management; healtn, education, and welfare; environmental
management, and national sefurity. In addition to broad-rang1ng activities
for the U.S. and other national gevernments, SRI serves city, state, anc
Tounty goverrments in the U.S., anc also their international eguivalents.
Dne of the mose attractive aspects of life at SR] for the staff §s the
DpporTunity to share in important work in the public interest.

For private commercial and incdustrial clients, SRI engages in management
Toasulting ans corporate stretesy determination; technoeconomic. market, ang
pperaticnz] stucies; new procuct, process, and eq iipment development; and the
provision of 1nfo-—a:i:n services. A significan: percentage of SRl's
professional stafi nave hal a2 nooer ¢f years ¢f major responsidbility in
business prior to joinins SkI.

SXI is an dncependers, nonprefit corporaticon, using revenues in excess
DT operating costs ¢ purchase agvancec scientific equipment and to enhance
its ability to centinue O provide the highest quality consulting anc
vesearch for its clients. SARI International has no shareholders and no

enaowent.

SRi's annual revenues for consulting and research contracts exceed $123
={114on.

SR1's headquarters are on a 7C-acre site in Menlo Park, California, a
swurban comunity about 20 miles south of the San Francisco International
Airport and 2 few miles from the campus of Stanford University. . Other
offices and laboratories are locatec in major centers in horth Anerica,

Iurope, East Asia, and the Midcle East.
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STATEMENT OF OBJECTIVE

The principal objective of this study was to.
monitor for airborne asbestos fibers, 1f any,
during conditions of use, maintenance, installation
and removal of vinyl asbestos floor tile and ¢
determine their concentrations.

Baron & Budd
Butler Counn
August 1. 199~



11.
11l.
1y.
Y.
Yi.
yil.
vill.
1X.

TAELE OF CONTENTS

Introduction, Vinyl Asbestos Tile v o v o v o o o o o o o &

1
Test Site Location . ¢ o v o o o ¢ o o o o o o o s 0 0 0. 2
MEthOHOTOQY « « « o o « o o o o o o « o o o s o o o o o oo 1
Summary of ReSUTIES & & & ¢ v o o ¢ o o o o o s s o o+ ¢+ B
Conclusions ¢ o« o o o o o ¢ o « e s o o o e o o s 0o+ 00+ 10
In-Use Tests, Site #2 . . & v ¢ ¢ ¢ ¢ ¢ o o o o o o o s oo 11
Maintenance Tests, Site #2 . . ¢ & ¢ ¢ 4 o o o o o o o . . 18
Complete Removal Tests, Site 3 & ¢ v o ¢ o o o o o & o & & 22
Inst;11ation Tests o« v v o o o @ s o o o o o o s s a o o o« 2&
Attachments:

A. NICSH Analytical Method

E. Representative Anhient Air
Asoestos Concentractions in (ities

Copyright (© 1979 by Resilient Floor Covering Institute

Baron & Budd
Butier County
August |, 1997



1. INTRODUCTICN

Yinyl asbestos tiles are widely used in many homes and institutional
and commercial locations. Fibrous 8sbestos is used in the manufacture of
vinyl asbestos floor tiles. The unique combination of resistance to
physical and chemical deterioration and high tensile strength with
flexidility are asbestos characteristics useful in the production and

durability of the tile.

1t has been determined that the inhalation of airborne asbestcs fibers
over long periods of time may result in asbestosis or other serious iliness.
However, in vinyl asbestos floor tile, the asbestos is "locked-in" by
polymeric binders of various types. SRI International was retained to
measure the amount, if any, of airborne ashestos fibers associated with use,
maintenance, installation and removal of vinyl asbestos floor tiles when
RFCl recommended preocedures are followed, i.e., the operations are performec

without sanfing or sweeping an existing floor.
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1I. TEST SITE LOCATIONS

Test Site #1.

December 6, 1978, Installation was made in a model of 2 new housing
development in Northern Yirginia. W{th the exception of some interfor
finishing work, construction of the model home was essentially complete and
‘the home was being heated at the time of the test. Two types of vinyl
asbestos tile were fnstalled: GAF ®Taj Mahal® 4n a small utility room on
the first floor, and GAT "Wood Block #1725" in the basement. In both areas,
the vinyl asbestos tile was installed directly on concrete subfloors. '
Before the tile was installed, GAF "FB-50" asphalt cut-back adhesive was
applied to the floor and allowed to dry. Some tiles were cut for edge and
gorner fitting. The utility room was approximately 15 square feet in area
and the basement area was about 215 square feet. The time required for the
basement tile-laying operation was about 2 hours, and approximately 20
minutes for the utility room. Figure 1 is a diagram of the site.

Test Site #2,

Januzry 23-25, 1579, and January 29, 1975. This site, an office
duilding called Hoffman #2 located in Alexandria, Va., was selected for
in-use and maintenance tests. The building is approximately five years ol¢
and has a steel-reinforced concrete structure. The {nternal structure of
the building is essentially suspended ce{lings, plasterboard walls, a--
vinyl asbestos floor tile. There §s no sprayed-on fire-proofing in the
duilding. With regard to the mechanical afr movement in the building, 75%
is recirculated and 25% is brought {n as make-up afr through the roof
airhandling units. From the roof, the air {s moved via metal ducts to
individual heating and cooling units on the individual floors. Here the air
s passed through metal mesh filters before being sent to the {ndividual
rooms. The ductwork from the air-handlers to the rooms {s partially lined
with resin-{impregnated mineral wool. A diagram of the site is shown in

Figure 2.
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This same site was also used on April 16, 1979, to further evaluate
potential asbestos-fiber generation during buffing operations for longer
periods of time than during the January 23-25, 1579, monitoring tests.

Test Site #3.

June 28, 1979. A private home in Newark, Delaware. Monitoring was
done for both removal and installation of vinyl asbestos tile. The existing
GAF vinyl asbestos tile was removed in the laundry room, powder room,
tloset, and hallway. The sub-floor was concrete. After the removal

operation, which took about 2 hours, Antico adhesive-backed "Sunbeam

Duravinyl" vinyl asbestos tile was installed. The tiles were 12 inches

square and 0.080 inches thick. This operation took approximately & hours.
The relative room positions are shown in Figure 3.
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111. MITHODOLOGY

1. Use, M2intenance, Preparation, Instaliation and Removal

The operations were done accerding to recommended procedures.®

2. Determination of Airborne Asbestos Fibers

The NIOSH method for determining asbestos fibers {n the air was
employed (see Attachment "A," KIOSH Method No. P&CAM 239, “Asbestos
Fibers in Air").

Note: Personal and area samples were collected with 2 Mine Safety
Appliance Company Model G portable sampling pump. High-volume
samples were taken with a Gast pump.

* Retommended procedures involve preparation, installation, and removal
without sanding, use of equipment that would unduly shatter the tile
instead of 2 flat-bladed wall scraper, or breaking the tile by hand
before placing in a disposal bag. For the impact of deviation from
recormended procedures, see SR! International Report, "Comparison
Testing, Monitoring for Airborne Asbestos Fibers: Vinyl Asbestos
Floor Tile." (December, 1579)
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1V. SUMMARY OF RESULTS

The following Tables list the concentrations, if any, of afrborne
asbestos fibers measured at the various test sites during specified
operations.

NOTE: The OSHA Standard for 2 safe workplace allows & concentration
of 2 fibers per cc of air on an B-hour'time-weighted—average
{Tw~). TwA exposures were calculated by assuming a full-days
exposure to these conditions. '

Table No, 1
In-Use Text

Site No. anz

" Description Asbestos Fibers/ce
2 - Copy Center 0
2 - Snack Snecp 0

Tadle No. 2

¥aintenance
Site N2, anc g-Hr. TWA
Description {Asbestos Fibers/cc)
2 - Mopping 0
2 - 8uffing 0
8
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Table Ko. 3

Installation

8-Hr. TWA {Asbestos Fibers/cc)

Site N¢.
- Wan C-107 Man C-1057
1 0.0046 0.0092
Man JS Man TD
3 0.027 0.008

Table No. &

Removal
Site No. B-Hr. TWA (Asbestos Fibers/cc)
. Man JS Man 1D
3 0.006 0.015
9
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V. CONCLUSIONS

In uyse of vinyl asbestos fioor tile there is no exposure to
airborne asbestos fibers,

Maintenance

In the maintenance of vinyl asbestos floor tile there is no
exposure to airborne asbestos fibers.

Installasicn and Removal

In the installation and removal of vinyl asbestos fToofiii1e. the
results of these tests show that when recommended prd?edures are used
the expcsure to airtcrne asbestos fibers is substantially below the
allowed OSEA limit.

i
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Yi. IN-USE TESTS, SITE #2

Purpose:

To monitor for airborne asbestos fibers during 1ight and heavy
pedestrian traffic (in-use) conditions of vinyl asbestos floor tile and to
measure any increased fiber concentrations above background levels.

Discussion:

At the time of the testing, the floors of the two areas sampled, 2
snack shop and a small copy room, were in the unwaxed condition (wax had
been stripped) and had receiie: traffic in that condition. This was
purposely done to simulate a very poor maintenance condition and/or a
“worst-case” situation.

The znalyses of both the background (collected after working hours) and
in-use (collected during working hours) air samples did not show any
asbestos fibers in heavily traveled areas.

Samzling Procedure:

Tne samzling protocol w2s designeZ to determine:

1. The background dust level in the building and outside air, with
specific consideration to any ambient fibers. The sampling strategy for
this involved placement of sampling units both inside and outside the
building. The inside units were placed at 1, 3, and 5 feet above the floor
in both the snack shop and copy room, with single filters at other selected
locations such 2s in the area of an air diffuser in these two areas.

Dutside samples were placed randomly. The multilevel sampling protocel

could not be met in the snack shop so the following alternate sampling plan

w2s used for this area: The dust level in the supply air enteriné the snack
11
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shop was monitored by sampling air from the air-handling unit as {t entered
the duct leading to the air diffusers. An additional sample was collected
in the hallway next to the snack shop. In both cases the sampling was
performes several hours after the office work force had gone home.

2. The concentration of asbestos, {f any, dispersed from the floor
tile during 1ight and heavy pedestrian traffic. 1n this case, the
nultilevel sampling outlined in 1, was used, except that two such sampling
units were placed in different locations of both the snack shop and copy
room.

Figure 2, page 5, shows the relative locations of the
are2-sampling units during the testing.

Samoling Results:

The results of the individual filter analyses are shown in Table No. 5.
The types of fibers found in the samples collected were not asbestos but
rather textile fidbers that appeared tc have been shredded off from larger
textile fiders. The mecrpholcsic appearance of these fibers was quite
gifferent from asbestos. For illustrative purposes, in Figure 4, the first
photaonicrograph shows an asbestos sample that was prepared for the
Proficiency and Accuracy Testing Program {sponsored by NIOSH) and shows
fiber bundles of varying thicknesses. The second photonicrograph, not taken
from these samples, shows two fibers which are examples of prodadle
chrysotile asbestos. Characteristically-in field samples of this type, the
fiber bundles are much shorter than textile fibers. The third and final
photanicrograph shows cotton fibers. This type shows typically twisted
shapes. Additionally, the fiber diameter is substantially greater than
that of asbestos, but is comparable to most other types of textile fibers,
such as the types observed during this aspect of the sampling program.
Figure 5, shows an electromicrograph of chrystotile asbestos. At this
magnification (40,000x), the appearance of these types of fibers {s
drastically different from the appearance of textile fibers, especfally in
the lack of twisting, much smaller fiper diameter (10 to 25 millimicrons),
and the characteristic hollow core of the asbestos fibers. Consequently, we
concluded that the fibers observed were textile fibers and not asbestos
fibers. 12
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Description

Tadle No. §

In-Use Testing Results

Filter Air Yol.

No.

(1iters)

Time Fibers/
{min) sq mm*

Total

Asbestos**

Fibers/cc Fibers/cc

BALKGROUND SAMPLES

Alr vYent
Hallway
Copy Center
Outside
Qutside
Qutside
Copy Center
1 ft high
3 ft high
5 ft high
Snack Shep
IN-USE SAMPLES
Topy Center -
1 £t high
-3 ft high
5 f1 high

Topy Center -
1 ft high

3 ft high

3 ft high
Snazk Shog
Booksase - )
Bookcase - 3
Bookcase - 5
Storage Door
Storage Door
Storage Door

C-1066
XX005
XJB
Xx102
XX031
Xx006

Xx015
Xx008
Xx01¢6
€-10351

Table
XX0Z7
XX030
Xx011

MidZle Room
C 1078
€ 108¢
£ 10e3

Xx017
Xx022
Xx002
Xx023
XX019
Xx029

ft
ft
ft
-1 ft
-3 ft
-5 ft

588
556
5§50
€16
834
840

594
564
564
284

g38
838
E3E

g22
822
822

280
260
260
266
266
266

*Fiders/sq mm of filter surface area.
w*Analyst determined that none of the fibers were asbestos.

13
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Figore § ELECTRON MICROGRAPH, CHRYSOTILE ASBESTOS
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Evaluation:

The average background fiber count calculated on this floor of this

. building was 0.0025 fibers/cc of air {calculated from filters C-1066, XX00S,
XJB, XX015, xx008, XX01€, and C-1051) as compared to the outside air fiber
concentration of O (calculated from filters XX102, XX031, XX006). Comparing
the average value of the background indoor samples to the heavy and 1ight
pedestrian traffic areas, we found the following: the relative average
concentrations for the copy room and snack shop were 0.0045 fibers/cc
(calculated fran filters C-1078, C-1096, C-1083, XX027, XX030, XXO0l1l) and
.0056 fibers/cc (calculated from filters XX-002, XXx-022, XX-017, XX-01§,
XX-023, XX-029), respectively. The finding that these concentrations are
approxircately 2 times the background concentrations is not surprising since
the level of activity during a2 normal working day should increase the dust
level over the background samples that were collected after working hours.

Comparing the values found for the light and heavy pedestrian traffic
areas, we found that the individual values in the snack shop are
approximately 2 times those in the copy room, except for the 0 levels. This
is due to the difference in the time of sampling and sample volume. The
values found in the copy room are very consistent and represent S-hour
concentrations, while the snack shcp samples could only be collected during
the peak traff%c time, from 10:52 a.m. to 1:05 p.m. These levels represent
somewhat of 2 peak concentration for the day. Had the sampling been
cortinued fcr the remainder of the day, the average concentration would
prodadly have been lower by including the less dusty periods in the
afternoon in-the tctal sampling time.

Conclusion:

Based on the absence of any detectable asbestos fibers during the
pedestrian traffic tests, we conclude that, when properly maintained, the
asbestos constituent of the floor tile does not pose a potential health risk
to office employees or maintenance personnel.

16
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The description of the fiber counts relating to textile fibers have
been included in this report for purposes of completeness and clarity.
General interest in a floor covering is greater in regard to use than to
installation since most persons' contact with a2 flooring is mainly throdgh
1ts use over a 10-20 year period rather than through the occasional
process of installation.

17
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VI. MAINTENANCE TESTS, SITE #2

?u:gose:

‘ To monitor for airborne asbestos fibers during maintenance operations
of vinyl asbestos floor tile and to measure any increzsed fiber
concentrations above background levels.

Discussion:

The actual sampling took place in a snack shop and in a copying room
during prescribed routine maintenance. The wax w2s removed {stripped) and
no-wax maintenance procedures followed. This consisted of buffing the floor
using a2 light misting of a mild cleaning solution, or of wet mopping.

Sarmling Procedure:

Tne sampling protccsl was designed to determine:

1. The background dust level in the building and outside air, with
specific consideration to any ambient fibers, The sampling strategy for
this involved placement ¢f sampling units both inside and outside the
building. The inside units were placed at 1, 3, and 5 feet above the fioor
4n both the snack shop and copy room, with single filters at other selected
locations such as in the area of the 2ir diffuser in these two areas.
Dutside samples were placed randomly. The multilevel sampling protocol
tould not be met in the snack shop so the following alternate sampling plan
was used for this area: the dust level in the supply air entering the snack
shop was monitored by sampling air from the air-handling unit as {t entered
the duct leading to the air diffusers. An additional sample was collected
in the hallway next to the snack shop. In both cases the sampling was
performed several hours after the office work force had gone home,

18
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2. The difference in the concentration of asbestos in the air during.
floor maintenance as compared to background concentrations of asbestos, {f
any, during operations such as damp mopping and floor stripping; personal
sampling was perfdnned in addition to area sampling.

In 211 cases samples were collected for the maximum time allowed
by the operation in order to collect a representative air sample. However,
several of the sample volumes were very small (less than 50 l{ters) due to
extremely short operations. The impact of the smaller sampling times will
be discussed in the section on sampling results.

Figure 2, page 5, shows the relative locations of the area sampling
units during the testing.

Sarmpling Results:

The results of the individual filter analyses are shown in Table No. 6.
Evaluation:

The average textile fiber concentration found during the wet-stripping
operation was C.C77! fibers/cc of air (calculated from filters XX-026,
XX-021, XxX-014; XX-000, xx-0z3, and QTH=1). The average sample volume was
34.5 liters. Prior to this operation, a background sample (C-1051) was
collected (285 liters) in the snatk shop and showed no fibers when
microscopically exznined., This indicates that the operation may resuspend
dust that has settled out during the several hours fecllowing the end of the
office-employee work shift. Coanparing the low value of the general area
sample (QTH-1) collected during the wet stripping of the snack shop (0.0075
textile fibers/cc of afir) with the results of the sampling of the worker
performing the wet mopping (0.1351 textile fibers/cc - sample #XX-000), we
see that the operation also tends to resuspend the dust in the worker's
jmmediate area. However, the small sample volumes collected in the snack
shop may have biased the results toward the high side because a particularly
dusty spot on the floor was stripped during the sampling time; this might
have averaged out somewhat in 2 longer operation, ie, fn & larger sampling

19
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Table Ne. 6

Maintenance

Filter Air Yol. Time Fidbers/ Total Asbestos**
Description No. (1iters) (min) sq mm* Fibers/cc Fibers/cc

BACKGRDURD SAMPLES

Air Vent C1066 588 294 4.7 0.0067 0
Hallway XX005 556 278 4.7 0.007 0
Copy Center XJB 550 295 O 0 0
QOutside XX102 €16 08 0 0 0
Dutside xx031 834 417 O 0 0
Outside XX008 840 420 0 0 0
Snack Shop €l051 264 142 0 ] 4]
MAINTERANCE SAMPLES
Mopping - Copy Center XXD26 30 15 4.9 0.1351 0
Buffing - Copy Center XXDOi 30 15 4.3 0.1210 0
Mopping - Snack Snep  XX00D &2 21 9.8 0.1949 0
Buffing - Snack Shop  xXxD25 &2 21 0 0 0
Buffing - Copy Center KG2-1 22 11 2.4 0.0921 0
Buffing - Copy Center XX 60 30 0 0 0
High-Yolume Sample
{(Mpping) Tir-1 £37 54 4.9 0.0075 o
Floor Arez i XX-214 30 15 2.5 0.682 0

*Ficers/sqg mm of total filter surface area.
**Aralyst determined that none of the fibers were asbestos.
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volume. It is fnteresting to note that the personal sanple from the buffer
pperator did not detect any textile fibers, Additionally, the worker was

putside the snack shop during the wet mopping.

wWhile the results of the buffing operation recommended for 2 no-wax
maintenance floor did not show any asbestos fibers, several factors brohibit
drawing 2 firm conclusion on this aspect. The relative size of the operation
tested was small, requiring only 11 minutes to complete. The air sample size
was also small (22 liters). The size was possibly too small for any asbestos
fibers that may have been generated to have been picked up.

Because of the small size of the sample collected during the buffing
operation, a8 second sample (XX) was collected during a2 buffing operation at a
later date. The duration of the second buffing was 30 minutes and a 60-1iter
sample was collected. Again, no asbestos fibers were found.

An operation like the wet-stripping operation does tend to resuspend dust
that has settled out of the air after working hours. This was shown by
comparing filters XX-CC2 (0.0075 textile fibers/cc) and XX-029
(O fibers/cc), 1isted in Table 5, page 13, both of which were taken during the
-day in the snack shop at the 5-foot level, with filter KG3-1 (0.0521 textile
fibers/cc), the personal sample of the buffer operation.

Tonclusion:

Based cn the adbsence of any detectable asbestos fibers during either the
wet-stripping or buffing operations, we conclude that, when floor tile is
properly maintained, its asbestos constituent does not pose 8 potential health
risk to office employees or maintenance personnel. The data relative to
textile fibers have been included in this report for purposes of completeness
and clarity. Fibers were generated from maintenance, but they were all
textile fibers,
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VIll, COMPLETE REMOYAL TESTS, SITE 3

Purpose:

To monitor for airborne asbestos fibers during the complete removal of
vinyl asbestos floor tile.

Discussion:

The tests were done in the laundry room, powder room, closet, and hallway
of a private home. Removal was accomplished by heating the tile with a
commercial air blower. However, there was an unusually large amount of
2dhesive under the tile and the heating compounded the difficulty of removal.
In main pedestrian traffic areas there was quite 2 bit of tile breakage and
many suall pieces were generated. In other areas, the tiles came up quite
readily withcut excessive breaking. In the closet and bathroom areas, access
for good leveraze on the hang tools was difficult and the mechanics had to be
very cleose in to ¢o the wark. Discarced tile was placed in trash bags for
disposal.

Sampling Procedure:

A perscnal sampling pump w2s attache? to the belt of each mechanic and 2
¥ilter clippes to his collar. Four additional sampling pumps were placec to
pbtain are2 and background data. A background determination was also made the
gday prior to the test.

A GCA Dust Monitor was used to measure total dust (by weigﬁt) in the
area. This is a direct reading instrument; dust levels were below the
detection level in 2 samples.

A sketch of the work and indications of sample placement are presented in
Figure 3, page €.
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Sampling Results

The results of fiber counting, other pertinent sampling data, and
identifiers are listed in Table No. 7.

Table No. 7

*Fibers/sq m of filter surface.

*vAnalyst estimated that 10% of the fibers were ashestos.

Cenzlusizc-:

Filter Air Yol. Time Fibers/ Total Asbestos** B-Hr,

Description No. {liters) (min) sq. s Fibers/cc Fibers/cc TWA
Background RFCI #8 587 326 0 0 0
Background MwCD 700 594 2897 10 0.014 0.001

~ Area-Breezeway MwWCO 692 537 316 70 0.111 0.011
Area-laundry Room MWD 686 739 389 140 0.161 0.016
Area-Powder Room  MwWCD 655 725 372 75 0.088 0.008
Mechanic JS MWC0 662 245 123 18 0.062 0.006 0.006
Mechanic TD MnZ0 687 255 134 44 0.147 0.015 0.015

The nu;ber of asbestos fibers on the filters was very small, all well
below 0.1 fibers/cc. Compared to the OSHA limit of 2.0 fibers/cc, the
concentrations measured when recommended procedures were followed, 0.006 to

0.Cl5 fibers/cc, are insignificant .
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I1X. INSTALLATION TESTS

A Site #3
Purpose:

To monitor for airborne asbestos fibers during the installation of
¥inyl asbestos floor tile.

Discussion:

The tests were done in the laundry room, powder room, closet, and
hallwzy of a private home. The tiles were precoated with adhesive;
$nstallation consisted of remo%ing the release paper from the back and then
Pressing the tile fimly in place on the concrete slab floor. Where cutting
pr trimming were required, it was done before the paper was removed.

Samzling Procecure:

A personal sampling pump was attached to the belt of each mechanic
and 2 filter clipped to his collar. Four additional sampling pumps were
placted to obtain area and background data. A background determination was
2150 made the day prior to the test.

A GCA Dust Monitor was used to measure total dust (by weight) in the
arez. This is a direct reading instrument; dust levels were below the
detection 1imit in 2 samples. '

A sketch of the work and indications of sample placement are
presented in Figure 3, page 6.
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Samoling Results:

The results of fiber counting, other pertinent sampling data, and
i{dentifiers are listed in Table No. 8.

Tadble No. 8

Filter Air Vol. Time Fibers/ Total Asbestos** B-Hr

Description No. (1iters) (min) sg. mm* Fibers/cc Fibers/cc TWA
Background RFCY #5  BB? 326 0 0 0

Background w3 700 554 257 10 0.014 0.001

Area - Breezeuay‘ MaC0 652 537 316 70 0.0111 0.0011

Area - laundry MnlO BEE 73S 383 140 0.1€1 0.016

Area - Powder Room MalD 685 722 372 75 0.08es8 0.008
Mecharniz JS - MWl EB2 454 232 165 0.267 0.027 0.027
Mechaniz TD MalO 665 418 220 3¢ 0.081 0.008 0.005

*Fibers/sq mm of filter surface area.
¥*Analyst estimated that 102 of the fibers were asbestos.
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B. Site #1

Discussion:

The tests were done in the basement and in a small utility room,
The tile was installed directly on & concrete floor. The {installation
required about 2 hours for the basement and about 20 minutes for the utility

room.

Sampling Procedure:

" Two area samples were collected for background analysis -- one
1ﬁside the home and another outside. A person2l szmple was collected for each
of the two mechanics involved. 1In addition a high-volume sample was also
tollezted. A sketch of the saﬁp1er placements is shown in Figure 1, page 4.

Samplinc Results:

The results of fider counting and other identifiers are listed below
in Tadle Ko. 8. The filters were heavily loaded with dust, making the fiber

gounting very cdifficult.
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Table No. §

Filter Air Yol. Time Fibers/ Total Asbestos*™™ B.Hr.

Description No. (liters) {min) so mm~ Fibers/cc Fibers/cc Twr
Indoor Background (1069 876 438 111.7 0.104 0.0052

Outdoors Xx-1 660 330 4.7 0.003 0.003
High-Yolume Sample XXII 17i0 90 38.1 0.28 0.0014

Head Mechanic €102 228 114 27 0.092 0.00456 0.004§
Assistant Mechanic Cl1062 226 113 52.3 0.184 0.0082 0.0082

*Fibers/sq mm of filter surface area.
**Analyst estimated that about 5% of the fibers were asbestos except for

filter XX-1.
Conzlusion:

The number of asbestos fibers on the filters was very small, all
well belew 0.1 fibers/cc. Compared to the OSHA 1imit of 2.0 fibers/cc, the
concenzrations measured when recommended procedures were followed, 0.004%

- [Table 8) tc C.027 (Table 8) fibers/cc, are insignificans.
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: - ASBESTOS FIBERS IN AIR
National Institute for Occupational Safety and Health
Analytical Method

Axalyte: Asbestos fibers . Method No.: PE&CAM 239
Matrix: Air | Range: 0.1-60 Sbers/en?
Procedure: ‘ Fx:her coliestion, Precision (CV;s): 0.24100.38
microssopis eount .
Date Lisurd: 3/30/77 | Clasification: D (Operational)
Date Revised:
1, *Principle of the Metbod -

1.1 This method describes the eguipmen: and procedures for eollecting, mounting, and countizg
asbeostos fibers on cellulose ester memmbrane filiers in the evaluation of penanal samples ¢!
sirbome asbestos Sbers. The purpose of the method is to determine an employes’s index of
exposure 1o airbomne asbestos fiders. The method is primarily a personal monitering tech-
pigue, but can bz used {or area monitering.

1.2 The sample is collested by drawing air through 2 membdrazse flier by means of s battery
powered personal sampling pump. The £lizr is transformed from a3 opague solid membrane
10 a transparen opiically homogeneous gel. The fibers are sized and counted using a phas:-
ecoirast microscope at 400450X magnifcation.

13 Dz‘ nit xa.x As>esios fiber, f::' couniing pu rpas:s means 2 pm:.&.hz: which has a physizal

Asb'sws xr.h..:s c":r)so‘x.., cumming! omxe-grun:m: (zmosixz), cro:ido!ix:, ﬁbrous mr.::-
Jize, fibrous acthophyllite, and £5:ous astinolite.

1.4 Ary laboratory attermpling to use this procedure should have al Jeast one counter atiend a
tzaining course condusted by an experienced, proficient laboratory. Novice, untutored counters,
msing only published instructions, can easily obiain counts of half those performed by experi-
ensed, profzient counters. Large difierences between laboratories can be cauvsed by: 1) dii-
ferences in technique and observing ability among counters and 2) smali, but significant, dif-
{erences between microscopes meeting the basic specifications of Section 6.2. The following
procedures are recormmended:

1.4.1 Al microscopists who perform asbestos counting should meet together for an “asbastos
counting workshep™ 8t least Quarterly. This is best sccomplished uuh tounters from
several laboratories using their own microscopes.

1.4.2 Each microscopist should count the same series of slides and with the results being
compared.

1.43 Difierences between counters should be resolved with side-by-side ecounting of the
Sields by the diflerent eounters.

1.4.4 Individuals who arc found to be persistent outliers over several sessions should be
encouraged to seek other tasks in their respactive laboratorics,
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2. Range and Sensitivity

2.1 The usadle range i primarily & function of sample volume, micTostope count Seld area, and
backpground airborne particulatss. The influense of these variables is dissussed in 8.1.3. For
a microscope count field area of 0.003 mm? (se¢ Figure 1) and 2 pump Bow nate of 1.7 Ipm,
the opiimal fiber densities would be produced over the range of 0.4 fiber/cm? (8-hour sam-
ple) to about 60 fibers/cm? (15-misute sample). For s 6eld area of 0.006 mm? (see Figure
2) and 2 pump fSow rate of 1.7 Ipm, the optimal range b 0.2 Eber/em® (S-hour sample) o
about 30 fibers/em® (15-minute sample). 1o each ease, the oplimal detection limits sre in-
versely proportional to pump fow rate. .

The upper detection limit cas be extended by using sample times Jess than 15 minutes or nsing
lower flow rates. The Jower detection limit can be extended by increasing the flow rate vp
to about 2.5 Ipm. Filter surface fiber densities Jess than optimal (less than about 0.5 0 1.0
fiber per count field) are still adeguate, but will lead 10 decreased precision for the method (in-
creased cozfficient of variation, see Section 4).

The minimum total fiber count in 100 fields considered sdequate for reliable quantiiation
is 10 fibers. Thus, the lower limit of reliable quantitation is 0.1 fiber/em® (100,000 fibers/
m*). For this level, a flow rate of about 2.5 Ipm is recommended. For a Beld area of
0.003 mm®, the minimum sample time would be about 2 hours. For a field area of 0.006
mm*, the minimum sample time would bz sbout 1 hour.

2.2 This method considers only fibers with a Jength to diameter ratio of 3 to ] or greater and
length grester than 5 micrometers.

3. Interferences

In an atmosphers known to conizin asbestos, all pantizulates with a Jenzth to diameter ralio of 3
to 1 or greater, and a length preater than § misrometers should, in the absenze of other information,
be considered to be asbastos fibess and counted as such.

4. Precision and Accuracy

4.1 In the past dizade, there have ap*-r:d a number of anizles examining sources of vatiaticn
in the esbectes sampling an? counting procedure. These inzluds: Lynsh et al. (11.1), Weil-
ner and Ayer (11.2), Conway and Holland (11.3), Leids! and Busch (11.4), Beckedt and
Atthell (11.5), and Rajhans and Bragg (11.6). The sourccs of variation will be dissussed

by stages in the membrane filier evaluaton procedure.

4.2 Sources of Variation in the Sampling Process. These includs vasiations in pump flow natz,
proximity of the filier to the employee’s body, and filier location (=Mt to right) in the em-
ployee’s breathing zone.

4.2.1 Szition 9.1 reguircs that the personal sampling pump be calibrated with sufficien:
sccuracy such that the 95% confidence limits on the fiow rate are = 10%. This is
equivalent to a cozflicient of variation (CV) of about S%. However, this CV makes
a negligible contribution to the total CV for the msthod due to the gelstively largs CV
of the counting procedure.

4.2.2 Conway and Holland (11.3) concluded that positioning of the filier eassettc on the
wearer (regarding the angular portions of the filter and their proximity to the wearer)
is no! a signifizant factor in determining the fiber distribution on filters.

4.2.3 Weidner and Ayer (11.2) concluded that there is no appreciable difference batween
samples collected on either the right or lefy sides of & breathing zonz or beiween
samples collccted side-by-sidz, especially for samples with eancentrations l2ss than 2.5

fibers/em?,
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4.3 Sources ol V.aﬁ:rio.n In the Counting Procedure

4.3.]

432

£33

434

Randem wvaristions exist in the Eber distribution on a filter wedge (intrs-wedge wari- -

sbility). The industrial hygiens literature Bas seen considerable debate in the last
20 years concerning whether or not the distribution of mineral dust or asbestos fibers
on a filler surface is adequately described by a Poisson distribution probability density
function. Leide! and Busch (11.4) found excelient sgreement between empirical
error varianse and theoretical variance calculated from the assumption of Poissen dis-
tributed true counts. They concluded that there was pot excessive vasiation among
count ficlds for 8 flter wedge and that clumping of Sbers (non-random coalescence)
did no! occur.

Variations exist in the fiber distribution on the tota! flter surface (inter-wedge vari-
sbility) due to the random or mon-random distribution of fibers acress the total sur-
face of the filter. This type of variation & easily confused with intra-wedge variations.
The count prosedure does mo! fequire counting of multiple sectors of the filter. There
may be significant difierences between average counts for different wedges, or the fiber
distribution variations for the total filter surface may be greater than the variations of
ths Poisson distribution. 1f either of thest cceur experimesntally, ene must mse the
experimestal variations to estimate the minimum presision of the count procedure.
The minimum precision is governed by the variations of the §ber distribution on the
total surface of the filte:.

Conway and Holland (11.3) consluded the distribution of fib2rs on filters is no! uni-
form and the distribution of fiber counts is more disperse than Poisson. For their
£lrers which had signifizant variaticas in fiber concentrations between sestors (as muach
as 50-60% of the toial filier mean), they described the following relation for the
sianda:d deviation of the total number of fibers counted on a wedge (N)

empirizal s(N) = 1.6 (N)'*®
where N is about 100, The Poissen siandard deviation would be:
Poissone (N) = (N)*?

RzjRans and Brzzz (11.6) in Serizs ] of theis study found siznifizan: variztion beiween
flier segments anZ rejected the Poisson distribution for the 10:a! filter surface. How-
ever, ic Series 1 of their study, wiilizing variou; experimental moZifizations, they found
no signifizant variation between filter segments and no reason 1o reject the assumption
o! Poissca distributed fiber counts. .

Systematlis variations due to difierences betwesn microscopes were studied by Leidel
ang Busch (11.4). In their study using Sve difierent brands of microscopss, they found
no signifizant difizrenzes among four, but the &fth gave eounts approximately 45%
hizher on the average than the other four.

Vasiations due 1o differenzes between counters should be examined at three Jevels:
experienced counters occasionally counting, experienced counters routinely eounting.
and inexperienced (new or untutored) counters. Leidel and Busch (11.4) studied Gve
experienced counters, with one counting only ectasionally. There were no significant
diflerences smong three of the eounters, but 3 fourth was 16% Jower than the first
three. The fifth, who occasionally counted, averaged 27% higher than the first three.
Conway and Holland (11.3) studied three experienced counters and three inexperienced
eounters. They found statistically significant diflerences between the means of both the
experienced and inexpericnced counters that typically were in the range plus or minus
$ 1o 15%. They concluded that experience as a fiber counter is ot a significan:
parameter aficcting intercounter variations.
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Rajhans and Brags (11.6) found mo significant differences among means of five expe:i-
enced counters in Series 1 of their study. But in their carefully controlled Series 11, an
analysis of variance gshowed signifizant variations betweea counters that were plus or
minus 1 to 15%.

4.3.5 Variations between laboraterics are most likely dus to systematic biases and are not
a significan! additional source of random variations. Any additional variaticzs are
most Jikely due to difierences in counting technique. Beckett and Aubeld (11.5) ob-
served that standard counters improved greatly after persosal instruction; also mew
counters, after instruction, tendzd to overcompersate and get exceedingly high eounts.
Additionally, they found that counts from an expsrienced laboratory that had pot had
contast with other laboratories performing the same analysis were as far from the
standard values as were the counts by new coustess.

Sources of variations between samples taken st diflerent times on one employee doring one
work shilt cap aflect the exposure estimate for that employee. These are primarily due to
2) diflerences in exposure concentrations during the day, b) differences in Jocation of the
employee within the plant, and ¢) differences in work operation performed by the employee
during the day. These sources of variation can be controlled by proper choice of sampling
sralegy. Reler to Leidel and Busth (11.7) and Leidel, Busch, and Lynch (11.8) for an
extendzd discussion of sempling strategies. Interday tempors) variations can affect the ex-
pasure estimates obiained on different days. Reler o Leidz], Busch, and Crouse (11.9) for a
discussion of this type of variation.

Until recen:ly, the toz] cofizient of variation (CVy) for the sampling and ecounting proce-
€ure was best estimated frem the work of Conway and Holland (11.3). The conslusions
of their study includel:

4.5.1 The precision of their prozedure for filiers not containing an abundance of fine
‘fibers can be estimated by a cosfzien: of variziion of 16.2%. This value includes

. wariaticn among counters and oYscrved interastion effects.

452 The azturaty of the prozsdure for simBar fillers may bs estimated for a 100-fise:
covnl by 8 cosffciznt ¢f vanation of 21.4%. This assumes that the contributica
c! the overall variance rom the nosunifurm fiber distribution is additive.

4.53 A hizh porzeniage of very fine fibers on the filter can significantly afleet the standard
Ceviation an? confidenze limits for counts by difflzrent counters. After combining
variations in fider conzentrations over the entire Llter with these for difleren: counters,
it was concluded:

a. For fliers with 2 low concenimation of fine fibers, the cozfBicient of varialion
is estimated at 21% and thz 95% confidsnce interval is = 435,

b. For filters with a high econzentration of fine fibers, the coefficient of variation
is estimated at 25% and the 95% conSdense interval is = 50%.

Lynch, Kronoveter, and Leide! (11.1) have also reported on variations of the metho2.
Their intralaboratory study utilized the daia from a large number of dust counts mad:
by differert methods by experiensed counters over a perind of years in an epidemiologic
- study of the asbesios products industry. They eonziudzd that the standard deviation of
counts of fibers longer than S micromelers on membrane fillers conld be estimated
from the selation e = (N)" =%, Thus for counts of about 100 fibers, the cozfMizicnt of
variation could be estimated at about 15.2% and the 95% confidence limits at =
30.4%. Thesc valucs are Jowser than the valugs seporied by Conway amd Holland
(11.3).
Recenily, the Johns-Munville Corporatisn tondusted an in-house investigation of the
asbastos count method (11.10). “The study duts contained total fiber counts for over
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100 filters with each filier eounted by two to five counters. From the Johns-Manville

« data, NIOSH calculated over 100 estimates of the count CV for the method (11.11).
Th: NIOSH CV estimates included random intrafilter wariations and intercounter
variations, but did not includ: random pump flow rale variations. It was found that
the eount coeffizicnt of variation (ali random wvaristions except for pump variations)
was 8 function of Lhe tot1al fiber count. NIOSH then included & CV of 0.05 for ran-
dom pump variations (sce Section 9.1) in the CVeestimator equstion to obuin a
CVrestimator. The CVeestimator line is plotted on Figure 3 for tols] fiber counts in
the range 10 to 100 Ebers. Or the following equation ean be used:

CV; = [antilog,(—0.215 = 0.203 (log,oFB)) + 0.0025)*

where FB is-total fiber count as discussed in Section 10,

Figure 3 demonstrates that for a total Sber count of 100, the best CVy &s attainable with
the sppropriste sampling times given in 8.1.3 and the count rules in 8395, When
raking decisions regarding compliance with the OSHA asbestos exposure standards in -
29 CFR 1910.1001, the statistizal procedures given in Leidel et al. (11.11) should be
followed. The prozedurcs arc based oa sutistical theory and assumplions given in
References 11.12, 11.13.

Bozause of the possibility of systematis biases due to diflerences between microscopes,
counters, and Jaboratories as discussed above, it is strongly recormmended thal any
laboraicry counting asbestos should participate in an interlaboratory quality eontrel
program that includes the counting of siandard reference fillers. These standard filters
are svailable fram NIOSH through the Proficiency Analytica! Testing (PAT) Pro-
gram. The PAT Program is used by the American Industrial Hygiene Assozialion
(A1HA) as pant of its Laboratory Accreditation Program. Each laboratory’s quality
conttol program must include protosols for routinely adjusting and calibrating sampling
and counling equipm:nz plus training and evaluatica programs for counters.

S. Advaniages and Disadvantuges of the Method
5.1 The mzthod is intended to give an index cf employes exposure to airburne asbestes fidess
of spezified dimensiznal charasteristics.
5.2 1t is not meant 1o eount gll asbastos fibsrs in all size zanges or to difizrentiate asbestos from
other fitrous particulatss.
€. Apparatus
€.1 Sampling Equipmen:
Ths persona! sampling equipment train eonsists of 1) persons! sampling pump, 2) tubing,
3) clothing spring ¢lip, 4) twding-to-field moniior meia) adapior, and 5) Reld monito:r (Rlter
ang holder).
6.1.1 Personal Sampliing Punip. The pump must be eapable of sampling a1 1 0 to 2.5 liters
per minute (Ipm) against & flow resistance of 7.5 inches of water (1.4 em Hy) for 8
continuous hours on a fully charged batiery.
6.1.2 Tubing. Laborutory tubing such as rubber or plastic with €-mm bore and about 10
em length.

6.1.3 Ciothing Spring Clip. The clip atiache; the subbzr tubing 1o xhc Japel or shirt of the
individual bziny monitored.

6.1.4 Tubinz-to-fick! Monitor Adapter. A short metal adaptor with ridses on onc end to
grip the incide of the tubing. The othzr end i designad fur a pressure 6it into the
ficld monitor.

6.1.5 Ficld Monior (Filter and 1lolder). The only ficld monitor currently considercd
sccepiable by NIOSH is munulactured by the Millipore Corporation. The unit con-
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6.2

£3

sists ©f 1) @ three section styrene plastic case designated Millipore Aeroso! Monitor
Case, 2) & 37-mm diameter plain white cellulose ester membrane fiter deignated
Millipore AA (pore size of 0.8 micrometer), 3) 2 suppont pad, and 4) two plastic
sealing caps. 1f s large number of samples are 1o be taken, it may be less expensive
10 reust the plastic cases. Great eare must bz uken in the cleaning and reassembly
process. The outside mating surlaces of the field monitors may be covered with »
*phrink-it” band to provide proper sealing and a writing surface for flter identifics-
tion.

Optical Equipment and Microscope Features

6.2.1 Microscope body with binocular head.

6.2.2 10X Huygenian eyepieces are recommsendcd. Other eyepieces can be substituted if
necessary. Wide feld eyepieces can be wsed; however, wide ficld eyepieses may
yield a count ficld area less than 0.003 mm? with the Porton reticle. This is not
always desirable from the standpoin: of obtaining optimum sampling times (see Sec-
tion 8.1.3). I wide field e)epxeces are used, it is prefenable to use the Patterson

R Globe azd Circle reticls to obiain a larger count 8¢l area.

€.2.3 Kochier iliumination (preferably builtin with provisions for adjusting light intensity).

6.2.4 A Porion reiicle is recommended. O:hers such as the Pattersen Globe and Circle
ecan be substituted. : .

€.2.5 Mezhaniza!l stage.

6.2.6 Phase-Contrast condenser with a numerical apzriure (NLAL) equs! to or greater than
the N.A, of the objective.

€27 40-45X phast contrast athromatic objective (NLA. 0.€5 10 0.75).

€.2.8 Phasc-ring centering telescope or Bertrand lens,

6.2.9 Green or blus flizr, if recommendsd by microscope manulacturer,

£.2.10 Stz mizrometer with 0.0! mm subdivisions.

€.2.11 For genera! guidancz on phast eontrast misrossopy, eoasult Needham (11.32), Clark
(11.15) ar2 MzCrcne (11.14).

Filter Nll-unﬁn"“tquipmeni Experiznzs has shown that certain eguipment is uselel o7

effzient sampls mounting. The {ollowing items are recommended for extrasting and mount-

ing a portion of the ﬁ‘le. for counting.

£.3.1 Mizroszeps slides. 2.5 by 7.5 em glass slides are most commonly used, Sample
number, date, initials, etc., ean ke conveniently writien on 3 frosted end slide.

€.3.2 Cover Slips. Cover tlips are 8 nezessary part of the glide mount and optizal sysiem
The shapes should be appropriate for the size of the filer wedgz. The: appropriste cover
slip depends vpon the objastive 10 bz used. Ordinarily, objectives are optically cor-
recied for a #1% (0.17 millimeter) thicknass cover slip. Improper cover glass thick-
nesy will datrast from the fin2) image quality.

£.33 S:z2lpal. A scalpel is needed 1o cut out a portion of the filier 10 b examined. A num-
bar-ten curved blads sealpe! is recommended.

6.3.4 Tweezers. A pair of fine-tippecd tweezers is uszd 1o temove the membran: filter slice
from th: fizld monitor and pluce it upon the slide.

€6.35 Len. Tissuz. To insure cleanliness, o lint-free tissue is tecommended. This tissue
should also b used for wiping mounting tovls and for eleaning slides and cover slips.

£.3.86 Glass Rod. A firc-polichad plase rod may be used to spread the mounting solution
or the sliddz. _
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€.3.7 Whzatcn Balsam Bottle. This special glass costainer has 8 glass tep which prevests:
contamination of the mounting soluticn. A glass rod is icluded for dispemsing the
solution.

7. Reagents _
Chemicals should be reagent grade, free from particles and eolor, eonforming to the spesiScations
of ths Commitize on Arnalylical Reagests of the American Chemical Society, where sush gpecis.
cations are available.
7.1 Dimethy] phthalate
7.2 Diethyl oxalate

Avoid getting the mounting solution on the gkin. Wash skin promptly with sorp and water if skiz
contact occurs.

2. Procedure
2.1 Sampling
2.1.1 Gezneral Information
Guidelines for th: monitoring of employee expasures to industrial stmospheres are

given in Referense 11.8. The Federal requirements for monitoring employee expo-
sure to airborne asbestes are found in 29 CFR 1910.1001,

£.1.2 Mountirg the Sampling Pump on the Worker
- Fasten the sampling pump to ths worker’s bel: and fasten the ficld moniter to th:
lapel or shin fron: (as clese to the breathing zone as is practical). Remove the tcp
cover of th: plastic roonito:, then invert the monitor malking centain {he expose?
filier §s facing downward. Tum th: pump or and ad;.st to the calibratzd flow rate
(1.0 1o 2.5 lpm). Rezerd the following infermation in s logbook.

1. Filier pumber
. Pump stari time gnd dats
. Fiow rate
. Subjects name and jobtitls
. Typ= of opzration or prozess’
. Verntilation controls and is the worker wearing s respirator spproved {or asbestos?

The pump should bz chesked periodically during the sampling period for proper ope:-
aticn and flow rate.

(o BV T R I

8.1.3 Optimum Sampling Times
The requirement for the minimum count of 300 fibers or 20 fields in £.3.9 was
determined to bz the best compromise to schieve adequate precision for the sirborne
£ber estimate and reasonable counting times. An oplimum fiber density of abou!
1 to § fibers per microscope count feld is recommended. To estimate appropriate
sampling times for feasible counting and optimal coumm, one must considsr the
following constraints:
1. microscope coun! fizld srea (gensrally 0.003 to 0.006 mm?)

. pump flow rate {typically 2.5 lpm maximum)

average airborne fiber concentrations

. eounting rule range of 20 to 3100 Lelds

sdequate fibsr density to obiain a minimum count of 10 fibers in 100 ficlds, which

is the Jeast total fiber count that yizlds an acceptable count precision

€. background sirborne particulate levels that can geduce the eoun: precision duc 10

an obscuring of fibsrs on the filizr surface

wawN
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The preceding constraints were considered in drawing Figures 1 and 2. Thess fgures
were ézveloped from the {ollowing relationship:

(FB/FL) (ECA/MFA)

(FR) (AC) (1000)  ‘minutes

sampling time =

v:h:rc:
FB/FL = 1 to § fibers/field

ECA = effective collesting area of Slters (855 mm® for 37-mm Silter with effec.
tive digmeter of 33 mm)

MFA = microscope $¢ld area (generally 0.003 1o 0.006 mm?)
FR = Purmp flow rate (genenally 1.0 o 2.5 Ipm)
AC = Ajr consentration of fibers in bers/em™.

Figute 1 (microscope field arca = 0.003 rmm?®) and Figure 2 (microscope field area =
0.005 mm?) show optimum and feasible sampling times for a pump flow rate of 1.7
Ipm. Each individual responsible for sampling asbestos should prepare a similar chant
for his particular pump flow rate and mictossops field area before sampling is per-
formed 10 8id in estimating proper sampling times. On Figures 1 and 2, the areas
with solid shading lines are generally the optimum eonditions for ecousting. The
broken shading lings are for conditions very close to optimal.

However, feasible counting ccnditions may extend down 1o about 0.1 Hber/Beld anl
and above 5 fiders/field. Recommended sampling times are most strongly influsnzed
by bazkpground airborne partizulate levels, onze all the other constraints bave been
estimated. For heavy panizulats levels, it may be necessary to limit each filier 10
about 60 10 180 minutes sampling duration. Each individual responsible for sampling
should work elossly with the mizrossopist to attain as high as pessible filier surface
fbor densities (vp to about 5 fibers/Azld), while avoiding filier surface backgreus?
partizuiate levels that creats very difcolt or impossible eouszting conditions. 1f on:
Bav very little idea of airborne £her and particulate levels, the best procedure is to
takz sovera! Jong samples (23 cne §-hour or two eonsesutive 4-hour sample;) in con-
jurztien with ssveral shon sampizs (as four consecutive 2-hour er eight consssutive
T-hour samples). 1! the longer samples prove very diffizuli 1o count, the misrossopis:
will have the shorter samples to fali bazk on.

From Figures ] and 2, it can bz sesn that there are certain sampling times whish
will yield oplimum £bzr densities on the filter for almost all airborne fiber eoczern-
tratisas from 1 to 10 fibers/em’. These optimum times have been caloulaizd a2 ase
presenied in Figure 4. Nois that the oplimum times given by Figure 4 are approxi-
matz and can be varied by as much as = 25%. The nomogram is intcndel as a
guids to be ussd where no prior knowledge of the air consentration is available.

8.1.4 End of Sampling Perind
Remove the ficld monitor, replace the plastic top cover and the small end caps, and
. store the moaito:.  Always shet o the pump when ehunging monitors to avoid
contaminnling or damaging the pump. Record the pump shutof] time ar2 flow rate
in the logbook.

£.1.S Blanke
Vith eazh batch (25 to SO filters) of samples sent for analysis, submit two vnopensd
ficld moniters which have bezn subjecied to the sanmic treatment as the samples except
2t they were not exposed to the sampling environment. Lub2l these as blanks. )
the blunks yicld fiber counts greater than S-fibers /100 fickls, then the entire sam.
pling procedure should bz examined carcfully for the cause of contamination. Th:
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mourtisy soluticz of Section 8.2.1 should alio be examized for contamization and/e:
enystal growth,

8.1.6 Shipping

The field monitors in which the samples aze eollected should be shipped in a rigid
container with sufficient packing material to prevent erushing.

8.1.7 Numbers of Samples .

. When sampling for the Federal ceiling standard of 10 fibers (> Sum)/emt, (29 CFR
1910.1001(®) (3), efective July 7, 1972], enly one sample (15 minutes mazimum
duratios) is pecessary, theoretically. However, several samples should be taken dur.
ing expected periods of peak air conceatrations to allow for detection of gross sam-
pling or counting errors. )

When sampling for determination of noncompliance with the Federal 8-hour TWA
standard of 2 fibers (>Sum)/em?, [25 CFR 1910.1001(d) (2)]. one shou!d contin-
uously sample as Jarge a portion of the work day as & feasible for airborne eoncen-
trations of sabout 2 to 10 fBbers/em?. Howewver, for & lower sirbome concentration
such as 0.5 Sber/em?, ene sample might require 4 10 8 hours sampling time in erder
to get the propsr Slier 8der density (Ssction 8.1.3). For this situation, the 8-heur
TWA exposure would be determined from one &-hour or two 4-hour samples a5 sp-
propriate. '

8.2 Sample Preparstion
£.2.1 Preparation of Mounting Solution

A very important pant of the sample evaluation is the mountizy process. This pro:-
ess involves a special mounting medium of prescrided viscosity. The proper viscosity
is important in order to expedite filter dissolving and still minimize panticle migratic:.
Afier the sample has been mountéd, an elapsed time of approximately sixty minutes
is needz2 before the sample is ready for evaluation.

Comtine the dimekyl phrhalate ang dizthy) oxalaie in 3 one to one ratio by velume
and pour into @ Wheaton balsam bauje. Add approximately 0.05 (= 0.025) grams
of new mombrane filler per millilter of solution 1o reach the nezessary viscosity. The
mixiere must be stirred periodically until the filiers have dissolved and a homogenzcu
mixtere is formed. The normal shell lile of the mounting solution is about thre:
menths. Twenty milliliters of mounting solution will prepare approximately 300
samples. .

8.2.2 Sample Mounting

Cizanliness is imponan:! A diny working area may result is sample contaminatiss
ang crronedus counts. The following steps should be followed when mounting a sampie.

1. Clean the slides and cover slips with l‘:ns tissue. Lay each slide down oa 8 clezn
surfaze with the frosted end up. It is & good practize to rest one edge of the
cover slip on the slide and the other edge on the working surface. By doing this,
you keep the bettom surface (the ene which contacts the flter) from bacoming
contaminated. ’

2. Wipe all the mounting tools clean with Jens tissue and place them on s ¢lean surface
(such as lens tissuz). Al tools should be wiped ¢lean prior 10 mounting each sample.

3. Using the glass rod supplied with the Wheaten balsam boutls, np;;b' a drop of
mounting solution onto the center of the slide. 1t may be necessary to adjust the
Quantity of solution so that after the cover slip bas been placed on top. the solu-
tion extends only slightly beyong the filter boundary. If the quantity is preater than
this, particle migration may oscur.
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4. Using another glass rod, s p':ad the mounting media into 2 trizagular shape. The
size of this triangle gshould coinsids with the dimension of the filier wedge.

5. S:zparaie the middle and boiom sections of the field monitor case to expose the
filter. _Cu: a triangular wedge from the center to the edge of the flter wsing the
scalpel” The size of the wedse should approximate one-gighth of the Slier surface.
The ﬁlz:r can be very carefully removed from the casseue for cutizg but this
should ealy be done with great care.

6. Grasp the filier wedse with the tweezers on the perirnster of the filter which was
clampsd bztween the moniter case sections. Do po! touzh the Elter with your
fingers. Place the wedge, sample side up, upon the mounting medium.

7. Pick up a clean cover slip with tweezers and carefully place it oo the flter wedge.
Onze this contact has been made, do not reposition fhe cover slip,

8. Labe! the slide with the sample number and current date before prozeeding to the
next filier. On the bottom (backsice) of the slide, traze the perimeter of the flier
wedge with a fel: tip marking pen. This will enable the counter, afier the filter

«  has bezome traasparent, to sty within the filter perimster when counting.

9. The sample should become transparent within fificen minutes. 1f the filter appears
cloudy, it may be nesessary to press very lightly en the cover slip. This is rarely
pecessary; howsver, counting should not be started until an hour after the mount-
ing. This allows th: mizroszopic texture of the £lier to become invisible to micro-
scops viewing. '

10. Discerd the sample mount ehier two days I it kes po! been counted. Crystals
appzaring similar to asbestos £bers meoy begin to grow st the mounting mediafair
interfaczes. They seldom present any problems if the slide is examined bzfore two
days. Iz any case, stay awzy frem the filier’s edges when counting and sizing.

3 Coﬁnﬁng of Fibers

2.3

233

834
B35

33.6

337
238

Pizzz the slide o the mechernical staze cf the microszope an? position the center of

the wedze under the objective leng ar" fesus upen the sampls. Sianr courniing frem

ens end ol the weCge and prozress along a rafia! lins 1o the other end (coun: in

gither dx.:.m.- from perimeier to wedge tip). Randem felds are selested, withou:

loom" m. the eyepieces, by slightly aZvancing the slids in onz disrection with the
echanizal stage control.

lx is :ssemxa) to continually sczn over a range of focal planes (geserally the wpper

10 to 15 rmizromelzrs of the filer surface) with the fine focus conirol during each

£iel2 count. This is especially nesessany for asbestus Ebers dus to their impaciion

into the filter matrix. .

On most airborns samples, asbestos fibers will generally have fiber diameters Jess than

one microneler. Therefore, it is necessary to Jook carefully for faint fibsr images.

Regularly check phase ring alignment.

Whzn an agrlomerate (mass of materizl) covers a significant porisn of the field of

view (approx 1/6 or greater) rejsct the Hizld and select another. (Do not inslude

it in the numbser of fields counted.) However, report the 22t as it m2y have meaning

or other data collsciion.

Bundles of fibers arc counted a3 one £ider unless both ends of the fbzr can be

clearly reaolved. .

Count only fibsrs with a Jength to widih ratio greater thas or equal 1o 3.1,

Court only fibers preater than S mizrometers in length. (D as ascuraic as possible

in sccepling fibers near this Jengpth.) Mcasure curved fibors along the eurve to esti-

m2ats thz toi2] Jenath,
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£.3.9 Count as many ficlds as necessary to yield a tota! count of at Jeast 100 fbery. Ex-
. eeptions: 8) count a1 least 20 fields even if you count more than 100 fidess, and b) step
8! 100 fields even If you haven't reached 100 Sbers.

§.3.10 For fibers that cross either one or two sides of the counting field, the following pro-
cedure is used to obtiuin a representative count.

. COUNT any fiber greater than S micrometers in length, that liss entirely witkin the
counting area. COUNT as "5 £ider™ any Hber with only one end lying within the
counting arez. DO NOT COUNT any fiber erossing any two sides.

Reject and do not count all other Sbers. Refer to Figures S through 10. Note tha! the
fibers in Figures § through 10 are nof representative of the appearance of most as-
bestos fibers. Most fibers have a very {aint image. .

9. Calibration and Standards
9.1 Sampling Train Calibration
The aczcurate calibration of the sampling pump is essential to the correct aalsulation of the -
air volume sampled. The [requency of calibration is dependent en the use, care, and hand-
ling to which the pump is subjected. Pumps must be recalibrated if they bave just been
repaired, misused, or received from the manulscturer. I the pump receives bard usage, more
frequen: calibration may be necessary. Ordinarily, pumps should be ealibrated in the labera-
tory beth before they are used in the £eld and alter they have been used 1o collest 2 larg:
‘number of feld samples.
The sccuracy of calibration is dependent upon the type of imstrument used as a releresce.
The choice of 8 aalibration instirumen! will depend largely on where the calibration is por-
formed. For labcratery testing, a 1eliter buret used as a soap bubble flow meter or wet-test
meter is recommended. Other standard calibrating instruments, such as » spirometer, Mar-
Tiot’s boiils, or dry gas metcr can be used. The calibration should be of suffcient precisicn
that the 95% confidenze limits en the fiow rate are = 10% (95% o! ths flow ratcs will
{23! within = 109 of the calibratzd value).
Irstructioss for ealibraticn with the scap bubble flow meter follow. The ssmpling train vszd
(pump, hose, flter casseite) in the pump calibration should be the same g5 the onz uszd in
the field. :
9.1.1 Check the voliage ¢f the pump battery with a voltmeter both with the pump e ang
whiie it is opzrating to sssure_adequate voltage for calibration. If pezessary, eharge
* the battery to manufacturer’s specifications. '
9.1.2 Full s bzaler with 10 ml of sozp solution.
5.1.3 Connert the flter eassetie inlet to the top of the buret with 2 length of hose.
9.1.4 Tum ¢he pump on and moisten the inside of the soap dudble meter by immersing the
. open end of the burct into the soap solution and drawing bubbles up the inside of the
buret. Perform this task unti] the bubbles are able to travel the entire leng:h of the
buret withou! breaking.
9.1.5 Adjust the pump rotameter 1o provide a flow between 1.5 10 2.5 lpm.
9.1.6 With 3 water manometer, check that the pressure drop 8sross th: filter is less than
13 inchss of water (about 1 inch of mersury).
- 9.1.7 Stact a sozp budblz up the bure: and measure the time it takes for the bubble to travel
2 minimum volume of 1 liter.
$.1.8 Repeat the procedure in 9.1.7 at Jeast three times, average the results, and caloulate
the calibrated flow rate by dividing the volume traveled by the soap bubble by thes
. elapsed timz. 1 the runge between the highest and Jowest of the three flow rates is
greater than about 0.33 Jpm, then the ealibration should be repeated since it is Jikely
tiat the presision is no! adequate.
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9.1.9 Data reguire? for the calidration include the volume measured, elapsed time, pressure

drop, air temperature, atmospheric pressure (or elevation), pump serial number, date,
ang nam: of person performing the calibration.

©.1.10 Corrections to the flow rate for pumps with rolameters may be pecessary If the pres-

sure (elevation) or temperature where the samples are coliected (actual flow rate)
difiers significanty from thal where the ¢alibration was performed (indicated flow rate).
Actual flow rates st time of sampling may be caleulated for a linear scale rotameter by
wsing the following correstion formula:

: Pe T arrea
Qaist ™ Qccaue l P:,,, ¢ :,'

where both pressure ('P) snd temperature (T) are io absolute units such as:
Ppsia = psig + 14.7
deg Rankin = deg Fahrenheir + 460
dz; Kelvin = dog Celsius 4+ 273

©2 Microscope Selup

521

5.2.2

$23

924

925

Porten Reticls and the Counting Field

The asbestos fiber eount prosedure consists of comparing fiber Jength to the diarz-
elers of calibrated circles o a- Porton reiicle, and counting all fibers preater than
5 micrometers in length lying within s given counting field area. The Pornton reticle
is 2 glzss platz inscribed with 2 serizs of circles and restangles. The Jek hall of th:
reticle is dividsd into six rsctanglss constituling the counting field. The counting field
is jllustrated in Figures 5 through 10.

Placement in Eyzpies

The Perten r2ticls s plazed inside the Huypenian eyepisze where it rests en the fi2l2-
limiting ciaphragm M other typos of eyepizzes are wssd, it may be necessary to insan
2 counting coller for retsining the reticle. The retizie should always bz kep: clean,
since dirt on the reticls is in fosus and could complissts the counling and sizing
pro::ss

Tk Porion reiizle cannct be wsed for counting until it has been properly calidbratel

with 3 stegs micremeler. Most stage micrometer ssales are approximalely two

miliimelers Jeag and are divided iato unils of ons-hunlredth of 3 millimeier -(ten

misrometess).

Misroscope Adjustment

When adjusting the microszope, follow the manuh:xurcr's instructions while observing

the following guidelines.

1. The light source imzge must bz in fosus and ccm:nd on the ecnd-nser iris or
annular diaphragm.

2. The partizulate material to bz examined must be in fozus.

3. The illuminator ficld iris must be in fosus, centered on the samplz, and opznzd only
10 the puint where the ficld of view is illuminated.

4. The phasc rings (annular diaphragin and phusc-shifting elements) must be con-
eentric.

Porion Retizle Calibration Procedure

" Euth eyepiesc-objective-relicle combination on the misrossops must b: calibrated.:

Should any of the thres bs changed (dinassembly, repiasement, 200m adjustmzns, e1z2.),

the combination mwust bz rezalibrated. Calibzation may ehange if interpupiliary dis-
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tance is changed. For prope: calibratios, the following precedure ghould b2 followed
closely.
Vith a 30X objective in plase, place the stage micromeler on the mechasnical
staps, focus the millimeter scale, and center the image. Change to the 40-45X objez-
tive and adjust the first millimeter seale division to eoincide with the Jef: boundary of
= the Porten recstangle. Measwe the distance batween the Jeft and extreme right bound-
aries of the Porton rectangle, estimating any poriian of the final division. This meas-
vrement represests 200 L units. The rectangle is 100 L units on the shont vertizal
dimension. The ealculated “L™ b inserted into the formula D = L2¥)'* where "N”
ts the circle number (indicated on the reticle) and “D"~ is the circle diameter. Sinze
the circle diameters vary logsrithmically, every other circle doubles in diameter. For
example, circle pumber three is twice the diameter of number one; number four is twice
the diameter of number two. When the circle sizes have been determined, the eount-
ing Held ares which consists of the left six smaller rectangles can be caleulated from
the relstion 10,000 L% This completes the reticle ealibration for this specific objec-
tive-gyepiece-reticle combination.

Example for Pontoz Reticle
The following cslibration was obaine? for 2 pair of 10X Huygenias eyepiecss and a
43X objective:

200 L = 0.14¢ mm = 148 micrometers

J100L = 0.074 mm = 74 micrometers

One L-unit =-0.74 mizrometers

Thus Circle #] has a diametzr D = L)% = 0,74(21) = 074 (1.414) = 1.05
micrometers. .
Then our gircls diameter calibration table Jooks like:

Diamseier of Circle #1 = 1.05 mizromeiers
#2 = 1458
#3 =205
#4 = 2095

. #5= 416
B #6 =592 .
Ficld arez = (10,000) (L) = (100 L) (100 L) = (0.0724) (0.074) = 0.0255
3ol

Thus fibsss with a length greater than a distanze halfway between the diameters of
the #5 and #6 circles would be counted.

1f a Patterson Globz and Circle reticle is used, a different caleulation procedure is
required. The circle diametrrs are related as follows. The #2S circle diameter is
(C.1) (reticle length).

The circle dismeiers are proportional to the ratio of their numbers. Thus the #20
eirgle diameter is (20/25) or 0.8 times the #25 circle diameler,

10. Calsulutions

30.1 The sverage rirbornc asbeitos fiher conzentration estimated by the filter sample may be
ezlculated from the following formula:

- I(FB'FL) — (BFR/BFL)] (ECA)
(1000) (FR) (1) (MFA)

AC
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.v.'hcr::
AC = Airbornz fiber concentration in (fibers > 5 am)/em.
BFfB &= Toix! number of fibzrs counted in the BFL fields of the blank or contro! filiers ;

in fibars > S am.
BFL = Toiil number of fields counted on the blsnk or control filters.
ECA = Eficctive collecting area of flier (855 mm? for a 37-mm flier with eflective di-
: ameter of 33 mm).
FR = Pump flow nate in liters/min (Ipm).
FB = Tou! number of fibers counted in the FL fields in fibers > § um.
FL = Total number of fields counted on the filter.
MFA = Microscope count ficld srea io mm? (gencrally 0.003 to 0.006).
T = Sample eollestion time in minutes.

Do b m ———-
o eivoae o se e me 4. s

302 Recoun! criteria. 1t is very desirable for a counter 1o conduct a *blind recount™ for about
1 in every 10 filter wedges (slides) counted. Aliernatively, a second counter could perform
the blind recount. In training sessions for novice couniers, the traines should conduct a blind
gecount for filicr wedges countcd by an experienced, proficient counter. In all cases, we will
obscrve differenzes between the first and sszond counts of the same Blier wedge. Most of
these differences will be due to chance alone, that is, due to the random variabdility (precision)

i
. s~ ——

of the count method. Statistical recount eriteria enabls us to decide whether observed dil- o
ferenzes can reasonably be explained dus 1o chanze alone or are probably duz 1o systemalis "
difierences between counters or misroszepes or due (o some other biasing fuctor. | .

The followirg rezount eriterion is for a pair of counts that estimate some girborne fiber con-
gentration (AC) in fibers/en:). The critzrion is given at the type-] error Jevel. That s,
there is & 55 maaimum risk tha! we will reject 2 pair of counts for the reason that one
might be biass2, when the large oherved difierence is really due to chanze.

Rejest a poir of covnty brzause onz might be biase2 il

- e

e — e

(AC.: = AC,) cxze2ds 2.75(ACHTV,

where:

——. -

AC, = Jower estimaied aitborne fber concentration
AC. = higher estimaid zirborne fider conzemrstion
AC = averaze of the two 2irkorne conzentration estimates
ya = average CV for the two conzentrating estimstes which are 8 function of th: tol2)
fibzr count (FB) in cach case. Use the relation in Section 4 or Figure 3,

For » pair of counts on the sams filier, reject the pais 'bezause one might be biaszd if:

(FB, = FB,) excceds 2.72(FB)(CVi)

[ T L )

where:

- se= o

FB, = lower fibsr count on ths filter (total fibsrs)
FB, = hizher fiber count on the Rlier (1oia! fibars)
FB = average of th: two toial fiber counts oo
CVy.: = CVy Sor the valuz FEB. Usz the telation in Ssstion 4 of Figure 3. '
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1 to 10 fibers/cm®

FIGURE 4. Nomoprim of optimum sampling times for altborne nhestos fibers In eoncentrtlone of
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- ' LIST OF FIGURES
{5 through 10)

FICURE 5. DO NOT COUNT. Fiber crosses fop and bottem sides.

FIGURE 6. COUNT. Ogpe fber.

FIGURE 7. COUNT. Oze-ha)l fiber. Fiber excsses Jek side and one end lies within coust area.

FIGURE 8. COUNT. Oze-balf fiber. Fiber erosses bottoms side and ene end lies within eount
. area.

FICURE 8. DD NOT COUNT. Fiber erosses two sides.

FIGURE 10. DO NOT COUNT. Fiber ercsses two sides (bottom Jeh corner).
COUNT. Ogze-half £bhe:. Fiber crosses boitom side aad ane end lies withis coust arez,
COUNT. Ocz:e £der (top righ! eoraer). ‘ .

23%-21
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ATTACHMENT B
REPRESENTATIVE AMZIENT-AIR ASBESTOS CONCENTRATIONS
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Location

New York
Kashington
Miami
Cieveland
Denver

San Francisco
Spokane

Representative Ambient-Air

Asbestos Concentrations

Fibers/cc

0

0.0022
0.0027
0.0067
0.0041
0.0038
0.0154
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