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the views and policies of the U. S. Environmental Protection Agency, nor
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FOREWARD

Asbestos or asbestiform minerals include several types or groups of
fibrous crystalline substances with special thermal and electrical
properties that have long encouraged their use in the manufacture of
such products as roofing, insulation, brake linings, fireproof curtains,
etc. Their occurrence as pollutants in the ambient air and in supplies
of food and drinking water has caused considerable concern because
occupational exposures to asbestos have been found to induce mesothelioma
of the pleura and peritoneum, as well as cancer of the lung, esophagus,
and stomach, after latent periods of about 20 to 40 years.

Electron microscopy is currently the principal technique used to
jidentify and characterize asbestos fibers in ambient air and water
samples. Because of the poor sensitivity and specificity of conven-
tional bulk analytical methods, electron microscopy is also being used
for routine measurement of airborne or waterborne asbestos concentrations.
The several laboratories that perform such analyses generally have
reasonable internal self consistency. However, interlaboratory compari-

sons have shown that the results obtained by the separate laboratories
are often widely different,

This manual describes a provisional optimum electron microscope
procedure for measuring the concentration of asbestos in air samples.
It results from a study, carried out under EPA Contract No. 68-02-2251,
to evaluate the various methods currently in use in the various labora-
tories. Statistical analysis was used to evaluate the effects of the

many interacting sub-procedures and arrive at an optimum composite
procedure.

This manual does not provide the vast amount of data that supports

the provisional methodology. These data are included in the final
report on EPA Contract No. 68-02-2251.

Jack Wagman
Project Officer
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ABSTRACT

This manual describes a provisional optimum electron microscope
(EM) procedure for measuring the concentration of asbestos in air
samples. The main features of the method include depositing an air
sample on a polycarbonate membrane filter, examining an EM grid specimen
in a transmission electron microscope (TEM), and verifying fiber
identity by selected area electron diffraction (SAED).

This provisional manual results from a study to develop an optimum
EM procedure for airborne asbestos determination. The analytical data
supporting the provisional methodology are included in a separate final

report.
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ELECTRON MICROSCOPE MEASUREMENT
OF AIRBORNE ASBESTOS CONCENTRATIONS

A Provisional Methodology Manual

1. PROVISIONAL METHCDOLOGY - SUMMARY

(1) Take an air sample on a polycarbonate membrane fil-

ter, 0.4 uym, using a high-volume or personal sampler.

(2) Coat the filter and deposit a 40 nm thick film of
carbon via a vacuum evaporator.

(3) Transfer the deposit from the polycarbonate filter
to an electron microscope grid using a modified Jaffe washer.
The Jaffe washer is prepared as follows. A 60 or 100 mesh
stainless steel mesh is placed on top of a paper filter stack
or foam sponge contained in a petri dish. Chloroform is care-
fully poured into the petri dish until the level is just
touching the stainless steel mesh. A 3 mm portion of carbon
coated polycarbonate filter is placed particle side down on
a 200 mesh carbon coated copper electron microscope (EM) grid
and this pair is placed on the steel mesh. The 3 mm portion
is wetted with a 5 uf drop of chloroform. The polycarbonate
filter will dissolve in about 24 to 48 hours.

(4) Examine the EM grid under low magnification in the
TEM to determine its suitability for high-magnification examin-
ation. Ascertain that the loading is suitable and is uniform,
that a high number of grid openings have their carbon film
intact, and that the sample is not contaminated.

(5) Systematically scan the EM grid at a magnification
of about 20,000X. Record the length and breadth of all fibers
that have an aspect ratio of greater than 3:1 and have sub-
stantially parallel sides. Observe the morphology of each
fiber through the 10X binocular and note whether a tubular
structure characteristic of chrysotile asbestos is present.
Switch into SAED mode and observe the diffraction pattern.



Note whether the pattern is typical of chrysotile or amphibole,
or whether it is ambiguous or neither chrysotile nor amphibole.

(6) Count 100 fibers in several grid openings, or alter-
natively, count all fibers in at least 10 grid openings. If
more than 300 fibers are observed in one grid opening, then a
more lightly loaded filter sample should be used. If no other
filter sample can be obtained, the available sample should be
transferred onto a 400 mesh grid. Processing of the sample
using ashing and sonification techniques should be avoided
wherever possible.

(7) Fiber number concentration is calculated from the
following equations

Total No. of Fibers
No. of EM Fields

Fibers/ma =

. Total Effective Filter Area, cm?

Area of an EM Field, cm2
1

Volume of Air Sampled, m>

Fiber mass for each type of asbestos in the sample is calculated
by assuming that the breadth measurement is a diameter; thus,
the mass can be calculated from

Mass (ug) = * (length, um) - (diameter, um)2

n
4
+ (density, g/cma) . 1078

The density of chrysotile is assumed to be 2.6 g/cm3, and of
amphibole 3.0 g/cm3. The mass concentration for each type of

asbestos is then calculated from

. Total Mass
%as7m gnggn:ratlon _ of all Fibers of that Type (ug)
u N
Pagticular Type Volume of Air Sampled (m3)



(8) Other characterizing parameters of the asbestos
fibers are:

(a) Length and width distributions of chrysotile
fibers

(b) Volume distribution of chrysotile fibers
(c) Fiber concentration of other asbestos minerals

(d) Relative proportion of chrysotile fibers with
respect to total number of fibers

2. METHODOLOGY

2.1 Air Sampling

Collect the sample of airborne asbestos on 0.4 um pore
size polycarbonate membrane filters. Use the high-volume air
sampler [l1]* or, in certain instances, the personal dust
sampler [2]. The shiny, smooth side of the polycarbonate fil-
ter should be used as the particle capture surface.

2.1.1 Air Sampling Parameters

Sampling rates vary with the type and model of sampler
and with the type and pore size of filter used to collect an
air sample. Typically, a high-volume air sampler fitted with
a 20 cm x 25 cm, 0.4 um pore size, polycarbonate filter will
have a flow rate of about 700 &/min (25 cfm) at a pressure drop
of 145 cm of water across the filter. By comparison, a per-
sonal dust sampler, operated with a 37 mm diameter, 0.4 um pore
size, polycarbonate filter, is set, by a flow controller, to
sample at a flow rate of 2 ¢/min. The pressure drop across the
filter is 20.9 cm of water.

The two types of samplers can be compared by dividing the
volumetric flow rate by the effective filtration area of the
filters. The high-volume sampler, with an effective filtration
area of 406.5 cmz, operates at a rate of 28.7 cm3/cm2/sec while
the personal dust sampler, with an effective filtration area® of

6.7 cm2, operates at a rate of 5.0 cm3/cm2/sec. Thus, the

* Numbers in brackets denote the literature references.

* The effective filtration area varies with the style or
manufacturer and hence should be measured.
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filtering rate of the high-volume sampler is about five times
higher than that of the personal sampler. Some research inves-
tigators contend that the higher face velocity of the high-
volume sampler results in a lower fiber retention efficiency.
These investigators expect the fibers to align perpendicular

to the collection filter and, hence, better able to penetrate
through the pores in the filter. They recommend collecting air
samples at as low a face velocity as feasible and proportionately
extending the sampling time. The optimization study, upon which
this provisional methodology is based, tends to support the con-
tention but the reason remains obscure.

Personal dust samplers are used frequently to assess respir-
able dust levels. When used in this mode, they are Preceeded
with a nylon cyclone that collects fibers and other particles
with aerodynamic diameters in excess of 10 um. To be comparable
with the results of the high-volume sampler, it is recommended
that the personal sampler be operated without the cyclone.

It is recommended that a cellulose acetate membrane filter
with a pore size of 5 um be used to support the Polycarbonate
filter in the samplers. It should be placed between the poly-
carbonate filter and the wire mesh filter support of the high-
volume sampler, or the glass frit filter support of the personal
sampler. The cellulose acetate membrane acts as a diffusion
plate and aids in obtaining a uniform deposit on the polycarbon-
ate filter. It also decreases the possibility of contaminating

the filter with particles from the sampler frame.

2.1.2 Sample Time Periods

As a guide, the following time periods are suggested for

the sampling of airborne asbestos. It is recommended that

samples be collected at all three of the suggested time periodsg

until experience dictates otherwise. Sampling at the three time

periods increases the probability that one of the samples will
be suitably loaded with asbestos to permit quantification of the
asbestos by the direct transfer technique.



Table 1

SUGGESTED SAMPLING TIMES FOR DETERMINING
AIRBORNE ASBESTOS CONCENTRATIONS

Proximity Sampler
to Source Type Suggested Sampling Times, min
Point Source High-volume 15, 30, 60
90 m Personal 75, 150, 300
Near Source High-volume 30, 120, 480
90-180 m Personal 150, 600
Distant Source High-volume 240, 480, 1440
0.8-1.6 km Personal not recommended

2.2 Sample Storage and Transport

After acquiring the sample, every precaution must be taken
to assure its integrity and prevent contamination and loss of
fibers until the sample is examined under the electron micro-
scope. The polycarbonate filter should be removed immediately
from the filter holder with great care and tacked, with cello-
phane tape, to the bottom of a clean plastic petri dish. The
dish cover should then be secured and all necessary sample
identifying marks and symbols applied to the cover. With the
20 cm x 25 cm high-volume filters, it may be necessary to cut
the filter into 5 cm x 5 cm segments and store each segment in
separate petri dishes. A consistent notation must be used so
that the location and orientation of each segment with respect
to the original filter is not lost. It is recommended that the
petri dishes containing the filters be maintained in a horizontal
position at all times during storage and transportation to the
analyzing laboratory. At the present time, there are no reliable
estimates on the loss of fibers from polycarbonate filters prior
to carbon coating the filters in the laboratory.



Suitable blank and standard filters should be introduced
at this stage in the analytical process and carried through
the remaining procedures along with the samples.

2.3 Carbon Coating the Filter

The polycarbonate filter with the sample deposit and
suitable blanks and standards should be coated with carbon as
soon after sampling is completed as possible. The carbon
coating forms an almost continuous film over the filter and
bonds the collected partidles to the filter surface. Losses
are thus reduced during subsequent handling of the filter,
and during the transfer process to the electron microscope
grid. A carbon film of about 40 nm thickness is most suitable.
All experimental equipment and supplies are listed in Appendix A.

It is highly recommended that the handling and processing
of the filters after their receipt by the analyzing laboratory
be conducted in a clean room or clean bench to reduce the
possibility of contamination. Tweezers should be used for
handling the filters; static charge eliminators will facilitate
handling of the polycarbonate filters by neutralizing the sur-

face electrostatic charge.

Because a thin, uniform, carbon film is desired, the
coating of the filter deposit with carbon should be carried
out in a vacuum evaporator. Carbon sputtering devices should
be avoided because they produce a film of uneven thickness.

A film too thick can lead to problems during the subsequent
steps in the procedure, particularly filter dissolution, fiber

sizing, and fiber identification.

Typically, vacuum evaporators accept samples as large as
10 em in diameter. Thus, if the personal sampler was used for
sample collection, the entire filter may be carbon coated at

It is convenient to use the petri dish in which the

one time. .
After inspecting the

polycarbonate filter is being stored.
filter to be sure it is securely tacked to the bottom of the



petri dish, remove the cover and place the bottom of the dish
containing the filter in the wvacuum evaporator for coating.

If the airborne asbestos was collected on the 20 cm x 25 cm
polycarbonate filter using the high-volume sampler, the

entire filter cannot be coated at once. Portions, about

2.5 cm x 2.5 cm, should be cut from the central region of the
filter using scissors or scalpel. Dead center is not necessary
and edges should be avoided. The portions should be tacked
with cellophane tape to a clean glass microscope slide and
placed in the vacuum evaporator for coating.

Any high-vacuum, carbon evaporator may be used to carbon
coat the filters (caution again: carbon sputtering devices
should not be used). Typically, the electrodes are adjusted
to a height of 8-10 cm from the level of the turn-table upon
which the filters are placed. A spectrographically pure car-
bon electrode sharpened to a 0.1 c¢m neck is used as the
evaporating electrode. The sharpened electrode is placed in
its spring-loaded holder so that the neck rests against the
flat surface of a second graphite electrode. The samples, in
either a petri dish bottom or on a glass slide, are attached
to the turn-table with double-sided cellophane tape.

The manufacturer's instructions should be followed to
obtain a vacuum of about 1 x 1()-5 torr in the bell jar of the
evaporator. With the turn-table in motion, the carbon neck is
evaporated by increasing the electrode current to about
15 amperes in 10 seconds, followed by 25-30 seconds at
20-25 amperes. The evaporation should proceed in a series of
short bursts until the neck of the electrode is consumed.
Continuous prolonged evaporation is not recommended since
overheating and consequent polymerization of the polycarbonate
filter may easily occur and impede the subsequent step of
dissolving the filter. The evaporation process may be
observed by viewing the arc through welders goggles. (CAUTION:
never look at the arc without appropriate eye protection.)



A rough calculation shows that a graphite neck of 5 mm3 volume,
when evaporated over a spherical surface of 10 cm radius, will
yield a carbon layer 40 nm thick.

After carbon coating, the vacuum chamber is slowly
returned to atmospheric pressure, the filters are removed and
placed in clean, marked petri dishes, and stored in a clean
bench.

2.4 Transfer of the Sample to the EM Grid

The transfer of the collected airborne asbestos from the
coated polycarbonate filter to an electron microscope grid is
dccomplished in a clean room or bench using a Jaffe washer
technique [3] with some modification.

Transfer is made in a clean glass petri dish about 10 cm
diameter and 1.5 cm high. 1Into the dish a stack of 40 clean,
5% cm diameter paper filter circles is placed; alternatively,
a3 cmx 3 cmx 0.6 cm piece of polyurethane foam (like those
used as packing in Polaroid film boxes) may be used. Spectro-
scopic grade chloroform is poured into the petri dish until it
is level with the top surface of the paper filter stack or the
foam. On top of the stack or foam a piece of (about 0.6 cm
x 0.6 cm) 60-mesh stainless steel screen is placed. Several
transfers may be completed at one time and a separate piece of
mesh is used for each grid. Details of the modified Jaffe
washer and the washing process are illustrated in Figure 1.

- Sections of the carbon-coated polycarbonate filter on
which the sample is deposited are obtained either by using a
punch to punch out 3 mm discs or a sharp scissors to cut out
approximately 3 mm X 3 mm squares. A section is laid carbon
side down on a 200-mesh carbon-coated electron microscope
(TEM) grid. (Alternatively, one may use formvar-coated grids
or uncoated TEM grids. Here the carbon coat on the polycarbonate
filter forms the grid substrate.) Minor overlap or underlap of
the grid by the filter section can be tolerated since only the
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central 2 mm diameter portion of the grid is scanned in the
microscope. This pair (TEM grid and filter section) is picked
up with tweezers and placed carefully on the moist stainless
steel mesh of the Jaffe washer. The 3 mm section is wetted
immediately by a 5 uf drop of chloroform.

When all the samples are in place in the washer, more
chloroform is carefully added to increase the level to where
it just touches the top of the paper filter stack. Raising
the chloroform level any higher may float the TEM grid off the
mesh or displace the polycarbonate filter section; neither is
desirable. The cover is placed on the washer and weighted to
improve the seal and reduce the evaporation of the chloroform.

More chloroform should be added periodically to maintain
the level within the washer. After a minimum of 24 hours, the
polycarbonate filter should be completely dissolved. The TEM
grid is removed by picking up the stainless steel mesh with
tweezers and placing it on a clean filter. When all traces of
chloroform have evapofated, the grid may be lifted from the
mesh and examined in the electron microscope or stored for
future examination.

2.5 Examination of the Grid by Transmission Electron
Microscopy

2.5.1 Low Magnification

The grid is observed in the transmission electron micro-
scope at a magnification of 500X to determine its suitability
for detailed study at high magnification. The grid is rejected
if:

(a) The carbon film over a majority of the grid opening

is damaged and not intact. If so, the transfer
step 2.4 st be repeated to obtain a new grid.

(b) The fibers give poor images and poor.diffraction
patterns due to contamination. 1If so, the filter
may be ashed, redispersed, and refiltered (see
Section 2.8).

10



2.5.2 High Magnification

2.5.2.1 Calibrating Magnification at Fluorescent Screen

It is important to know the exact value of magnification

at the fluorescent screen for the most common settings of the

electron microscope. The method for calibrating magnification

is illustrated in Appendix B.

2.5.2.2 Loading Levels

The method for examining the grid for fiber counting is
a function of the fiber loading on the filter. Three general-

ized loading levels may be encountered.

(a)

(b)

(c)

Low Loading -- less than 50 fibers in a full grid
opening (80 ym x 80 um).

Medium Loading -- 50 to 300 fibers in a full grid
opening.

High Loading -- more than 300 fibers per full grid
opening.

2.5.2.3 Fiber Counting Rules

In making a fiber count, the following rules are to be

observed:

(a)

(b)

(c)

A field of view is defined. In some microscopes,
it is convenient to use the central rectangular
portion of the fluorescent screen which is lifted
for photographic purposes [see Figure 2(a)]. On
other microscopes, a scribed circle or the entire
circular screen may be used as the field of view.
The area of the field of view must be accurately
measurable,

All fibers within the field of view are counted and
their length and width estimated and noted.

Fibers which extend beyond the perimeter of the
field of view are counted. The width of these
fibers is measured but their length is measured

as only that portion which lies within the field
of view. Such fibers are noted by the letter "L"
as the length information is recorded, indicating
that it is a limit case [see Figure 2(a)]. In the
final analysis, such fibers are treated as half-
fibers (half-counts).

11
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(d) Tightly bound bundles of fibers are counted as a
single fiber and an estimate made of their average
length and width. Fibers which touch or cross are
counted separately. Some subjective judgement is
required but fortunately, borderline cases are rare.
Notation is also made in recording the data that the
fiber was a bundle.

(e) Selection of the grid opening and the selection of a
field of view within a grid opening should be done
on a random basis [see Figure 2(b)]. This is
important for avoiding biases and to ensure the
statistical validity of the results.

(f) Morphological comparison with standard specimens is
used as a basis for rejecting non-asbestos particles
such as plant parts and diatoms. Where doubt
exists, the electron diffraction pattern of the
particles should be examined.

2.5.2.4 Fiber Classification Rules

Fibers are classified by observation of their morphology
and electron diffraction patterms. It is recommended that both
morphological and diffraction pattern study be done at zero
degree tilt angle. Neither the morphology, nor the electron
diffraction pattern, nor even both, can give irrefutable proof
that a given fiber is asbestos. Positive results from the
tests indicate only that asbestiform fibers are present.
However, when samples are collected near a known source of
asbestos, the probability is extremely high that the observed
fibers are indeed asbestos.

The following rules should be followed when classifying a
fiber:

(a) Observe a fiber at a TEM screen magnification of
about 20,000X through a binocular with a magnifi-
cation of about 10X. At a screen magnification
of 20,000X, the tubular structure of chrysotile
asbestos is usually apparent (compare with standard
specimens). Fibers showing the tubular structure
may be classified as chrysotile asbestos with con-
fidence. There are only rare exceptions; amphibole
asbestos usually have a lath shape; but sometimes
appear similar in form to chrysotile fibers without
lumina.

13



(b) Electron diffraction patterns from particles with
fibrous morphology fall into distinct groups.
Chrysotile asbestos has a characteristic streaked
layer line through the central spot and also a
triple set of double spots on the second layer
line. Amphibole asbestos gives a layer pattern,
generally with little or no streaking.

(¢) Transmission electron micrographs and selected area
electron diffraction patterns obtained with standard
samples should be used as guides to fiber
identification [4,5].

From the examination of the electron diffraction patterns,

fibers are classified as belonging to one of the following
categories:

chrysotile
amphibole

ambiguous
non-asbestos
unknown (no pattern)

It should be noted that other particles with fibrous mor-
phology also give layer patterns; for example, hornblende. The
complete quantitative indexing and deriving interplanar d-spacings
from diffraction patterns is a time consuming and complex under-
taking and is not feasible for routine analjsis. |

It is not possible to inspect electron diffraction patterns
for some fibers even when their identity as asbestos fibers is
known. There are several reasons for the absence of a pattern.
These include contamination of the fiber, interference from
nearby particles, too small a fiber, too thick a fiber, and
non-suitable orientation of the fiber. Some chrysotile fibers
are destroyed in the electron beam resulting in patterns that
fade away within seconds of being formed. Some patterns are
very faint and can be seen only under the binocular microscope.
In general, the shortest available camera length must be used
and the objective lens current may need to be adjusted to give

14



optimum pattern visibility for correct identification. Use of
a 20 cm camera length and a 10X binocular to inspect the SAED
pattern on the tilted screen is recommended.

2.5.2.5 Counting at Low Loading Level

When fewer than 50 fibers per grid opening are encountered,
the preferred counting method is to scan the entire grid opening
and defining the full grid opening as one field. With the
microscope magnification at 20,000X, a series of parallel scans
across the grid square are made starting with the top corner
of the square and ending at the bottom [see Figure 2(c)].

(With the tilting section of the fluorescent screen used as a
single field of view, approximately 300-400 fields will be
observed if the entire grid opening is scanned.) Fibers noted
in each full grid opening (or single field) are classified in
accordance with the procedure described above.

Additional grid openings are selected, scanned, and
counted until the total number of fibers counted exceeds 100,
or a minimum of 10 grid openings have been scanned, whichever
occurs first.

2.5.2.6 Counting at Medium Loading Level

When the loading on the filter is in the range of 50 to
300 fibers per grid opening, counting is done on randomly
selected fields of view. At a screen magnification of 20,000X,
fields are randomly selected within a grid opening until a
total of 20 fibers have been counted, sized, and classified.
(Generally 20-40 fields of view are observed per grid opening.)
After about 20 fibers have been counted, another grid opening
is selected and an additional 20 fibers (approx.) are counted.
This procedure is repeated for 5 grid openings until a minimum
of 100 fibers are counted. (When estimating fibers of a parti-
cular type of asbestos, counting is continued until 50-100 fibers
of that type are counted.)

15



2.5.2.7 Counting at High Loading Level

When the fiber loading exceeds 300 fibers per grid
opening, the filter should ideally be rejected in favor of

a filter sample taken for a shorter time period.

If no other filter sample is possible and the number of
fibers above 300 is not too great (up to 400), then a filter
section should be transferred to a 400 mesh grid and the pro-
cedure repeated as for medium filter loading levels.

When the loading level is so high that fibers touch and
overlap and no other sample is available, then the filter
should be ashed, dispersed, and refiltered to yield a lower

concentration level. Details for this procedure are given
in Section 2.8.

2.6 Recording of Data

It is advantageous to record the TEM data in a systematic
form so that it can be transferred to computer data cards for
statistical analysis.

2.6.1 Recording Format

A suggested data sheet format is shown in Table 2. The
entries at the top describe the sample (identification, the
storage box, and storage location), the sampling parameters
(volume of air sampled, total effective area of the filter),
and the TEM parameters (screen magnification, area of one
field of view in cmz, etc.).

Column 1 -- EM grid opening identification number

Column 2 -- Identification number for the field of view

Column 3 -- Fiber sequence number within a given field
of view

Column 4 -- Cumulative number of fibers counted

Colummn 5 -- Fiber width in mm

Column 6 -- Fiber length in mm
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Table 2
DATA RECORDING SHEET

Sample: Vol. of Air Sampled: 9.2 m3

Storage Box No.: Effective Area of Membrane: 406.5 cm2
Location in Box:

Magnification: 17,000
Area of One Field: 0.182 x 10°° cm”

Grid Field Fiber Fiber Fiber Identification
Opening of View Fiber Cumulative Width, Length, by Morphology and
I.D. Number Number  Fiber Count mm mm Electron Diffraction
1 1 1 1 1.0 20 Chrysotile
2 2 0.25 7 Ambiguous
2 1 3 0.5 17 Ambiguous
2 -4 1.0 10 Chrysotile
3 5 1.0 18 Chrysotile
4 6 0.75 22 Chrysotile
5 7 1.0 12 Chrysotile
6 8 0.5 10 No Pattern
3 1 9 0.25 24 Chrysotile
2 10 0.75 18 Ambiguous
3 11 1.0 10 Chrysotile
4 12 1.0 8 Chrysotile
5 13 0.25 10 No Pattern
4 1 14 0.25 6 Chrysotile
2 15 0.25 20 Ambiguous
3 16 0.5 5 No Pattern
3 1 17 2.0 65 Chrysotile
2 18 1.0 10 Ambiguous
3 19 0.5 4 No Pattern

and so on.




Column 7 -- Fibers extending beyond the perimeter of the
field, marked with L (limiting case)

Column 8 ~-- Fiber identification, chrysotile, amphibole,
ambiguous, or no pattern or non-asbestos

2.6.2 Computer Coding Forms

A Fortran program has been developed (see Appendix C) to
analyze the data obtained from the electron microscopy study.
In order to use this Fortran program, it is recommended that
data from the notes be transferred to IBM computer coding
sheets to facilitate key punching. The coding scheme is given
in Table D-1 and an illustration is presented in Table D-2 of
Appendix D. The scheme is sufficiently broad to keep all
relevant information, such as sample code number, laboratory
code number, operator code number, TEM grid number, etc.

Ashing factor refers to the dilution or concentration resulting
from the ashing and reconstitution step. It is defined as the
ratio of the redeposition filter area to the area of the filter
segment ashed. For example, if 5 cm2 segment was ashed and the
ash suspension deposited on 25 mm diameter final filter
(effective area 2 cmz), the ashing factor is 0.4. The area of
the field of view when multiplied by the ashing factor gives
the corrected area of the field.

2.7 EM Data Analysis

2.7.1 Checking Data on Key Punch Cards

Key punch cards are checked by obtaining a printout of all
cards as illustrated in Table D-3 of Appendix D. This printout
helps in detecting key-punching errors by comparison with the
coding forms.

2.7.2 Separating Very Large Sized Bundles

At present, separating bundles of fibers from the data is
done by inspection of printout of the input data. The computer
program can be modified to exclude the very large sized fibers
from the analysis.
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2.7.3 Fortran Program for Obtaining Characterizing
. Parameters

Each analyzing laboratory can develop its own computer
program to facilitate statistical analysis and to obtain the
necessary characterizing parameters. One Fortran program
called CONLAB was specially developed at IITRI for obtaining
several important characterizing parameters. The listing for
this program is given in Appendix C. The program gives char-
acterizing parameters for each TEM grid used.

2.7.4 Printout of Results on each TEM Grid

A typical printout of results on each TEM grid (for the
data in Table D-3) is given in Tables D-4 and D-5. The para-
meters shown are:

Fiber counts for each category

Fiber concentration per cm? of filter
Fiber concentration per m3 of air

Mass concentration per cm? of filter
Mass concentration per m3 of air

Length (um) Mean
Std. Deviation

Diameter (um) Mean
Std. Deviation

Volume (ym)3 Mean
Std. Deviation

2.7.5 Summary of Results for a Typical Air Sample

Summaries of the results are obtained using relevant
quantities from the printouts in Table D-4 and D-5. Shown
in Table D-6 are the characterizing parameters for all fibers
and for chrysotile fibers.

2.7.6 Precision of TEM Estimates

When more than one TEM grid is used, it is possible to
obtain the mean values and 95% confidence levels on the means.
This is done for each important parameter. The method consists
of obtaining the mean, X, the standard error of the mean, SEm,
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and t-value [6] (0.025, n - 1) for n - 1 degrees of freedom,
where n = number of TEM grids examined and hence n replicates
available. The 95% confidence limits are given by x + t - (SEm).

In the illustrative case, Table D-6, the following four
parameters are given:

1. Fiber number concentration of all fibers, 106/m3 of air
2. Volume concentration of all fibers, 10_9 cm3/m3 of air
3. Fiber number concentration of chrysotile, 106/m3 of air
4. Mass concentration of chrysotile fibers, pg/m3 of air

The t-value decreases sharply with greater replication.
For example, t = 12.7 for n = 2 and decreases to 4.3 for n = 3
and to 2.77 for n = 5 and so on. The standard error of the mean
also decreases with greater replication. Hence, to increase the
precision of the TEM estimates, 3 or 4 replicates per sample
should be analyzed.

2.7.7 Analyzing Data on Very Large Bundles of Fibers

Fiber bundles should be reported separately as the number
concentration of large bundles or fiber aggregates (greater than

3.

1 pm3 each) per m~ of air. In general, these are few and these

computations can easily be done using a desk calculator.

No attempt is made to compute either the volume or the
mass of bundles because of the large uncertainty in assigning
dimensions to aggregates.

2.8 Ashing, Sonification, and Reconstitution

Some air samples (especially samples collected over
several hours) may contain high levels of organic contaminant.
This organic matter obscures the fibrous particles, and inter-
feres with the proper counting, sizing, and identificatiom.

Such samples should be ashed and reconstituted as follows.

A section of known area (e.g., 1 em x 1 cm) is cut from
the polycarbonate filter used to collect the air sample and
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placed in a clean glass vial (30 mm diameter x 80 mm high).

The membrane is positioned such that the particle collection
side (shiny side) faces the glass wall. The vial is placed

in an upright position in a low-temperature asher. Using
manufacturer's instructions, vacuum is obtained and the filter

is ashed at 40 watts power in oxygen plasma. Oxygen is admitted
at 2 psi pressure. Though the membrane vanishes in about a
half-hour, the ashing is continued for about 3-4 hours to

ensure complete ashing. The ashing chamber is allowed to slowly
reach atmospheric pressure. The vial is removed and 10 ml of
filtered distilled water containing 0.1 percent filtered Aerosol OT
is added. The vial is placed in a 100 ml beaker containing 50 ml
of water, and this beaker is placed in a low-energy, ultrasonic

bath. Ultrasonic energy is applied for 15 minutes to disperse
all of the ash.

A 25 mm diameter filtering apparatus is assembled with a
25 mm diameter, 0.1 um pore size polycarbonate filter with
5 um pore size cellulose ester filter backing on the glass frit.
Suction is applied and the filters are recentered if necessary.
The filter funnel is mounted and the suction is turned off.
Two ml of distilled water is added to the funnel followed by
the careful addition of the water containing the dispersed ash.
Suction is applied to filter the sample. The vial should be
rinsed with 10 ml of 0.1 percent Aerosol OT at least twice and
the contents carefully transferred to the filtration funnel
before the funnel goes dry. At the end of filtration, the
suction is stopped. The filter is then dried in still air and
stored in a disposable petri dish. After drying, the filter is
ready for carbon-coating (see Section 2.3) and transfer to the
grid (see Section 2.4).

The effective area of the redispersion filter and the
area of the section cut for ashing from the original membrane
must be taken into account when computing the fiber concen-
tration, etc., in the TEM data analysis.
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2.9 Limits of Detection

The minimum detection limit of the electron microscope
method for the enumeration of airborne asbestos fibers is
variable and depends upon the amount of total extraneous
particulate matter in the sample and the contamination level
in the laboratory environment. This limit also depends on the
air sampling parameters, loading level, and the electron micro-
scope parameters used.

In the provisional method proposed, 100 fields, each
field with an area 0.18 x 10°° cm? are scanned. Assuming that

a fiber count has an accuracy of + 1 fiber then the detection
limit is

1l  Area of Filter (cm%)

Detection Limit = =5 7
100 0.18. x 10 (cm™)

1
Vol. of Air (md)

In an alternate method (for very light loading samples) when
four, full grid openings are scanned, each grid opening with

an area of 0.72 x 10™% cm?, the detection limit is

, Area of Filter (cmz)

Detection Limit = L A )
4 0.72 x 107" (ecm)

1
Vol. of Air (m3)

Table 3 gives an -indication of the magnitude of the detection
limit, calculated for the high-volume sampler method. It is
seen that the minimum detection limit is lower for very dilute
samples. Examining full grid openings leads to a lower value
of minimum detection limit because of the large area scanned,
as compared with the field of view method. With a given
sample, the detection limit can be lowered as low as desired,
but the experimental effort required also increases. The
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Table 3

MINIMUM DETECTION LIMIT USING HIGH-VOLUME AIR SAMPLER

Full Grid Opening**

Vol. of Air Field of View Method¥*

(1 fiber in

Sampling Sampled (1 fiber in 100 fields) 4 grid openings)
Duration m3 million fibers/m3 million fibers/m
Point
Source % hr 21 1.07 0.07
Near
Source 2 hr 84 0.27 0.02
Distant
Source 8 hr 336 0.067 0.005
* . 2
Detection Limit = 1 Fiber 406 _cm . 1

*k
Detection Limit

100 fields 0.18 x 10°°% cm?/field Vol.

1 Fiber | 406 cm2

of Air Sampled, m

1

4 Grids 0.72 x 1074 cmzlgrid Vol. of Air Sampled, m

3

3



guldelines of using 100 fields of view or four full grid
openings represent a judicious compromise, between a reason-
able experimental effort and a fairly low value of the detec-
tion limit. Also, using two or more TEM grids will reduce

the detection limit further and also improve the precision of
the detection limit.

3. PREPARATION OF BLANKS

Even after taking utmost precautions of cleanliness to
avoid asbestos contamination, one cannot rule our the possi-

bility of some contamination. It is a good practice to check

contamination periodically by running blank samples.

A blank sample may consist of a clean filter, subjected
to all the processing conducted with an actual air sample.

These may include ashing, resuspension, redeposition, carbon
coating, transferring to TEM grid, and TEM examination.

24



REFERENCES

"Tentative Method of Analysis for Suspended Particulate

Matter in the Atmosphere (High-Volume Method) 11101-01-70T",
Methods of Air Sampling and Analysis, Intersociety

Committee, American Public Health Association, 1015 Eighteenth
St. N.W., Washington, DC, 1972.

Recommended Procedures for Sampling and Counting Asbestos
Fibers; Joint ATIHA-ACGIH Aerosol Hazards Evaluation Committee,

American Industrial Hygiene Association Journal, Vol. 36,
No. 2, pp. 83-90, 1975.

M.A. Jaffe. In Proceedings Electron Microscope Society of
America, Toronto, Sept. 1948.

R.L. Clark and C.L. Ruud. Transmission Electron Microscopy
Standards for Asbestos. Micron, Vol. 5, pp. 83-88, Pergamon

Press, 1974.

P.K. Mueller, A.E. Alcocer, R.Y. Stanley and G.R. Smith.
Asbestos Fiber Atlas. U.S. Environmental Protection Agency
Publication No. EPA-650/2-75-036, April 1975. National
Technical Information Center, Springfield, Va.

R.A. Fisher and F. Yates. Statistical Tables for Biological,

Agricultural and Medical Research Workers. Table IV,
6th Ed., Stechert-Hafner, Inc., New York, 1964.

25



Appendix A

INSTRUMENTATION AND SUPPLIES

26



Appendix A

INSTRUMENTATION AND SUPPLIES

A. INSTRUMENTATION

1. Iransmission Electron Microscope

A transmission electron microscope should be capable of
100 kv of accelerating voltage, 1 nm resolution, and a magni-
fication range of 300 to 100,000X. The instrument should be
capable of selected area electron diffraction analysis on
areas 300 nm diameter. The fluorescent screen should have
either a millimeter scale, concentric circles of 1, 2, 3,
and 4 cm radii, or other devices to estimate the length and
width of fibrous particles. All modern transmission electron
microscopes meet these requirements.

2. Vacuum Evaporation

A vacuum evaporator is required for depositing a layer
of carbon on the polycarbonate filters and for preparing
carbon-coated EM grids. The evaporator should have a turn-
table for rotating the specimen during coating.

3. Low-Temperature Plasma Asher

A low-temperature plasma asher is required when the
quantities of organic matter in the air sample are very high
and interfere with the detection and identification of
asbestos. Oxygen should be used for plasma ashing. The
sample chamber should be at least 10 cm diameter, so that
glass vials can be positioned vertically (e.g., Plasmod,
Tegal Corporation, Richmond, Ca. or equivalent).

B. SUPPLIES

1. Jaffe Washer: For dissolving polycarbonate filters.

This item is not available commercially. The assembly is
described in Section 2.4 and illustrated in Figure 1.
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2. Filtering Apparatus: 47 mm filtering funnel
(e.g., Cat. No. XX1504700, Millipore Corp. Order Service Dept.,
Bedford, Ma. 01730). 25 mm filtering funnel (Cat. No. XxX1002500,
Millipore Corp. Order Service Dept., Bedford, Mas. 01730).
These are used to filter dispersed ash samples.

3. Vacuum Pump: A vacuum pump is needed to filter ash
suspensions. It should provide up to 20 in. of mercury. Such

vacuum pumps -are available from any general laboratory supply
house.

4. EM Grids: 200-mesh copper or nickel grids with car-
bon substrate are needed. These grids may be purchased from
manufacturers of electron microscopic supplies (e.g., Cat.

No. 1125, E.F. Fullam, Schenectady, NY) or prepared by standard
electron microscopic grid preparation procedures. Finder grids
may be substituted and are useful if the re-examination of a
specific grid opening is desired (e.g., Cat. No. 1458, H-2
London 200 Finder grids, E.F. Fullam, Schenectady, NY or Cat.
No. 17420 200 mesh carbon-coated nickel grids, Ladd Research
Industries, P.0. Box 901, Burlington, Vt. 05401).

5. Membrane Filters: Polycarbonate

(a) 47 mm diameter, 0.4 um pore size Nucleporé®
membranes or equivalent.

(b) 37 mm diameter Nucleporég‘membranes for use
with the personal dust samplers.

(¢) 25 mm diameter, 0.4 um pore size Nucleporé®

membranes or equivalent to filter dispersed
ash suspension.

(d) 20 ecm x 25 cm, 0.4 ym pore size Nuclepore(®
membranes or equivalent for collecting air
samples using the high-volume sampler.

6. Membrane Filters: Cellulose acetate (to be used

as backing filters)

(a) 47 mm diameter, 5.0 um pore size Millipore<®
or equivalent.
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(b) 37 mm diameter, 5 um pore size Millipore(E
filters or equivalent for use with personal
dust samplers.

(¢) 25 mm diameter, 5 pm pore size Millipore(E
filters or equivalent.

(d) 20 em x 25 cm, 5 um pore size Millipore<®
filters or equivalent for use with the
high-volume sampler.

7. Air Samplers:

(a) High-volume sampler, see reference 1

(e.%., Sierra Instruments, Model 305,
3756 N. Dunlap St., St. Paul, Mn. 55112 or
equivalent).

(b) Personal dust sampler, see reference 2
(e.g., MSA Gravimetric Dust Sampling Kit,
MSA Co., Pittsburgh, Pa. 15208 or equivalent).
8. Glass Vials: 30 mm diameter x 80 mm long; for

holding filter during ashing. 50 ml beakers can be used
instead of vials.

9. Glass Slides: 5.1 cm x 7.5 cm; for support of
filters during carbon evaporatiomn.

10. Scalpels: With disposable blades and scissors.

11. Tweezers: Several pairs for the many handling
operations.

12. Doublestick Cellophane Tape: To hold filter section
flat on glass slide while carbon coating.

13. Disposable Petri Dishes: 50 mm diameter and 100 mm
diameter for storing membrane filters.

14. Static Eliminator: 500 microcuries P0-210.
(Nuclepore Cat. No. VO90POLO010l) or equivalent. To eliminate
static charges from membrane filters.

15. Carbon Rods: Spectrochemically pure, 3.0 mm
diameter, 4.6 mm long with 1.0 mm neck. For carbon coating
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(Cat. No. 42350, Ladd Research Industries, P.0. Box 901,
Burlington, Vt. 05401 or equivalent).

16. Ultrasonic Bath: (50 watts, 55 KHz). For dis-

persing ashed sample and for general cleaning.

17. Graduated Cylinder: 500 ml

18. 10 pug# Microsyringe: For administering drop of
solvent to filter section during sample preparation.

19. Carbon Grating Replica: 2160 lines/mm. For cal-
ibration of EM magnification (e.g., Cat. No. 1002, E.F. Fullam,
Schenectady, NY or equivalent).

20. Specimen Grid Punch: For punching 3 mm diameter
sections from membranes (e.g., Cat. No. 1178, E.F. Fullam,
P.O. Box 444, Schenectady, NY 12301 or Cat. No. 16250, Ladd
Research Industries, P.0. Box 901, Burlington, Vt. 05401).

21. Screen Supports: Copper or stainless steel;
6 mm x 6 mm, 60-100 mesh. To support specimen grid in Jaffe
washer.

22. Filter Paper: S&S #589 Black Ribbon or equivalent
(5% cm circles). For preparing Jaffe washer.

23. Chloroform: Spectro grade, doubly distilled. For

dissolving polycarbonate filters.

24, Acetone: Reagent grade or better. For cleaning

the various tools.

25. Asbestos: Chrysotile (Canadian), crocidolite,
amosite. UICC (Union International Contre le Cancer) standards.
Reference asbestos samples available commercially (e.g., Duke
Standards Company, 455 Sherman Avenue, Palo Alto, Ca. 94306 or
Particle Information Service, 600 South Springer Road,

Los Altos, Ca. 94022 or equivalent).

26. Petri Dish: Glass (100 mm diameter x 15 mm high).
For modified Jaffe washer.
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27. Cleanser: Alconox, Inc., New York, NY 10003 or
equivalent. For cleaning glassware. Add 7.5 g Alconox to
a liter of distilled water.

28. Aerosol OT: 0.1% solution (Cat. No. So-A-292,
Fisher Scientific Co., 711 Forbes Ave., Pittsburgh, Pa. 15219).
Used as a dispersion medium for ashed filters. Prepare a
0.1% solution by diluting 1 ml of the 10% solution to 100 ml
with distilled water. Filter through 0.1 uym pore size poly-
carbonate filter before using.

29. Parafilm: American Can Company, Neenah, Wi. Used

as protective covering for clean glassware.
30. Pipettes: Disposable, 5 ml and 50 ml.

31. Distilled or Deionized Water: Filter through 0.1 um
pore size polycarbonate filter. Used for making all reagents
and for final rinsing of glassware, and for preparing blanks.

31. Storage Box for TEM Grids: Cat. No. E-0174 Grid
Holders, JEOL U.S.A., Inc., 477 Riverside Avenue, Medford,
Mass. 02155 or equivalent.

33. Squeeze Bottles: For keeping double-filtered dis-
tilled water and 0.1 percent Aerosol OT solution.

34. Welders Protective Goggles
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Appendix B
MAGNIFICATION CALIBRATION

(1) Align the electron microscope using the instruction
manual provided by the manufacturer.

(2) 1Insert mag-calibration grating replica (with 54864
lines per inch, or 2160 lines per mm, e.g., Cat. No. 1002,
E.F. Fullam, Schenectady, NY) in the specimen holder.

(3) Switch on the beam, obtain the image of the replica
grating at 20,000X magnification (or the magnification at which
the asbestos samples will be analyzed) and focus.

(4) 1f the fluorescent screen has scribed circles of
known diameters, proceed as follows. Using stage control,
align one line tangentially to circumference of one circle.
Count the number of lines in a diameter perpendicular to the
lines. In most cases, the other end of the diameter will be
in-between the Nth and N + 1th line. You can estimate the
fractional spacing by eye. Alternatively, one can estimate
the separation between lines using the scribed circles.

(5) 1If X line spacings span Y mm on the fluorescent
screen using this grating replica, the true magnification is
given by

M= L X 2160
X
The readings should be repeated at different locations of the
replica and the average of about 6 readings should be taken

as the representative or true magnification for that setting
of the electron microscope.
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Line Spacings mm on Screen Magnification
M

Y
9.5 83 18871
9.3 80 18580
7.0 60 18514
8.8 80 19636
9.0 80 19200
9.0 80 19200

Average 19000

On most electron microscopes with large (18 cm dia.)
fluorescent screens, the magnification is substantially con-
stant only within the central 8-10 cm diameter region. Hence,
palibration measurements should be made within this small
region and not over the entire 18 cm diameter.
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Appendix C

LISTING FOR THE FORTRAN PROGRAM CONLAB FOR
OBTAINING CHARACTERIZING PARAMETERS
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Appendix C
LISTING FOR THE FORTRAN PROGRAM CONLAB FOR
OBTAINING CHARACTERIZING PARAMETERS

PROGRAM CONLAS
ANALYZE FIBER AND MASS CONCENTRATIONS

aona

RLCAL SUMX(T7¢6)9SUMX2CT98)+CONCT(6)1CONMAS(6) 9 VOLCTLE) s VOLMAS(S)
RCAL FIBCTL6)oQTYLT)sDEN(2)9SDEV(7+6)9SLDEV(7s6)sGMN(T26)
RIAL CVAR(T7¢6) +MEAN{Te6) s MEAN2(T96)

OATA IoICToPI/10003,14159/

DATA DENIZ 6e3,0/

QTY(1) = LENGTH

TV (2) DIaM

GTv(3) MASS OR vOL

GTY (4} LOG LENGTH

oTY(S) LOG DIAM

erTvLy) LDG MASS

aoaoonoonnn

RCAD LENGTHDIAMCOMPUTE OTHER DATAs STORE
READ(5+110+END=190) IGRIDyIFLDIFSEQ+ICSEGeDIAM)ALENYIOUT
FINFIB)ILABIFIL e IPUNOXMAGyAREA¢XASHyXYOL s TAREALICASE
050 TOYAR=0
T07CTR0
LCY360
LCASE=ICASE
LLAB=ILAB
LFIL=IPIL
LPUNZIPUN
DO 08B0 Isl+b
FIRLT(1)=0,0
voLET(1)=0,0
VOLMAS (1)=0.0
CONCT(1)=0,0
CONMAS(TI)=0,0
DO 080 J=1+7
SOEV(Je1)=0,0
SLOCV{Jde1) 0,0
GMNEJe3)=0,0
CVAR(Je1)20,0
MIAN(Js3)=0,0
MEAN2CT9 1) =00
SUMX(Je1)=30,0
SUMX2C(JeI)=0,.0
U80  COMTINUE
GOT0o t401 -
1v0 RIUAD(Se110+END=190) IGRID.TE! 3 IS
KINFIReILABYIFIL s IPUNSXMAR L L XA
110 PORMAT (1242730140 2F6,0010eX" Mol IXe T e2%X02F7103F54195X912)
IP (CYCASEWNELLCASEY JOR,(TLA- . NF L LLAR)
¥ JORG(IFILJNELFIL)JOR${IFUN, -E.LPUN))
¥ GOT0 200
1101 avoLsxvoL
FILAR2TAREA
JLABEILASR
JPUNZIPUN
JPTL=IF]L

IF ((IGRID,EQ,LGRID)AND(IFLD,EQ.LFLD)) GOTO 11t0
YDVAR‘TDYAanﬁEA'XASH*!.06-6
WRITE (0¢1102)
1102 FORMAT(132X)
LET=L.CTe2
LFLO=TFLD

CeICOEGIDTAMALFN2IOUT e
Hy XYOL»TAREAY ICASE
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Appendix C (continued)

LGRID=IGRID
1110 IF(LCTLLE,S50) GOTO 1112
WRITE (601111) ILABSIFILsIPUNCLCASE
1111 FORMAT(!114A0Xe'FIBER AND MASS CONCENTRATION!piSXet1LAB (9119
¥t SAMP 19Ifs! GRID 19I2¢) CASE 1ypl2y
*¥S0Xe 'DATA LISTIZ/
¥{Xs!'FIB=SEQ FIELD FLD~SEQ DIAMIp&Xe
¥VLENGTH oUT~-COD FIR~COD FLD=MAG by
¥IFLDsAREA ASHeMAG VoL FILTeAREAL/)
LCT=0
1112 tF C(INFIB.EG,0) GOTQ 112¢
IFIB=INFIB
IFCCINPIB.GE.2) o AND, (INFIB,LELS)) IFIBuINFIBe!
IFC(INFIB,EQR,5) IFIR=2
ITCINFIB,GE.6) IFIB=5
1120 WRITE(6¢1113) ITCSCOeTFLOCIFSEQeDTAMyALENyIOUT o INFIByXMAGY
¥ARCAeXASHeXVOL«FILAR
1113 FORMAT(3X e XHp3X 0 3eSXeT302¢5X+Fbe2)130TXe18)s
*3(SXFT43)02C4XIFS,1))
LCT=LCT+1
112 IF(1FSEQ,EQ,0) GOTO (OO0
IFf (I0UT,EN.2) GOTO 115
FIBCT(IFIBISFIBCT(IFIB)+L, 0
GOT0 117
115 FIRCTC(IFIR)SFIBCTCIFIBY+0,5
ALUNEALEN#*2,0
117 ALUNSALEN/XMAG
DIAMBDIAM/XMAG
ATY(1)=ALEN
NTY(2)=DIAM
RIYC3)=PT*ALENRDIANEDIANY| ,0i~12/4,0
IF(IFIR.6T.2Y GUOTO 122
ATY(T)=QTY(3)*DENCTIFIB)Y
C FIND LOG OF EACH WTyYe SUM QATY AND LOQOG
122 B0 149 I=1,3
IF ¢ATYC(T)) 1400140,145
140 NTY(I+3)=0
GOTO 149
145 BTYCI+3)=AL0OG(QTY(L))
149 CONTINUE
150 DO 159 I=1.7
SUMX(T¢IFIRI=SUMX(T»IFTS)+niY (1)
SUMX2(CT e IFIB)SSUNX2(TIsIFIBI+(RTYLI))CQTY(I))
189 CONTINUE
G070 100
190 TUNDS
200 PO 205 IFIR=1.+5
TOTCT=TOTCT+FIBCT(IFIB)
DO 205 Iale7
SHIMX (YoO)=SUMN (T o) +SuMI(YT,4171IR)
SUMX2{T96)=5UMX2(Tr0)+SUM2(IsTFTR)

205 CONTINUE
FIRCT(6)=TOTCT
PO 599 IFIR=1+b
IF ¢(FIRCT(IFIR).EQ,0,0) GOTO S99
CONCTtIFIB)=FIBCT(IFIB)/YOTAR
VOLCT(IFIB)=CONCT(IFIB)*FILARIAVOL
IF ¢IF1B=2) 22002204210
210 CONMAS(IFIB)=FIBCTCIFIRI*{00,0/T0TCY
6070 230 .
a0 CONMAS(IFIB)=SUMX(79IFIB)/TOTAR
VOLMAS(IFIB)=CONMAS{IFIB)+FILAR/AVOL
0 Do 250 1=1+7
o MEANCT s IFIR)I=SUMX(TIFIR)/FIBCT(IFIB)
MEAN2(TrIFIBI=SUMX2(T+1F2BY /FIBCT(IFIB)
250 CONTINUE
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ave
599

605

607

6190

615

625

630

9999

Appendix C (continued)

no 270 I=1,3

SOEV(I+IFIR)=SORT(ABS{MEAN2{]I+IFIB)m
L (MEANCIoIFIBII®(MFAN(TI(IFIB))))

SLDEV(IvIF!BJ SART(ABS(MEAN2(I+3+IF]IR)w

(MEANCTI#3IFTBY)IX{MEANII*#3+IF1B))))

CVARCIoIFIB) EXPCSLDEV(IVIFIB) ) my
GMNCIVIFIB)REXP(MEAN(I+3+1FIB))

CONTINUE

CONTINUE

WRITE(61605) JLABeJFIL«JPUMILCASE+TOTARIFILARITOTCTAVOL
FORMAT (111 440Xs IFIBER AND MASS CONCENTRATION!
£{S5%Xe! LAB teYiel SLMPLE 1eI19! GRID 151290 CASE tel2/
50X ' SUMMARY 1//

KyXe ! TOTAL AREA SCAMATD = 1yE42.4¢) 83 CMIY/

¥{Xe ITOTAL "AREA FILTHT = 14F7.198Xe180 CMI/

T{X¢ ITOTAL FIRCR COUNT = laFT7,1eBXstFIBERS!/

¥1X, I TOTAL VOLUME Al% = 14ET.148Xy1CUBIC METERSI/// .
¥30X s 1CHRYSNTILE AuPHIEOLE AMBIGUOUS NO PATTERN!»
*t NON®ASBESTOS ALl FIBERS /)

WRITCCOe607Y (FLBLT(I; To)eTFIB=116)

FORMAT (1XetFISER L0101/
TIXs V(FTIBERS) L2 2iXg bl 0, LeT%) /)

WRTITE(60610) (CONCTI:-TEY 1 IB=1s6) o {VOLCT(IFIB)syIFIB=196)
FORMAT (1X91FIEFER COr o NP/ TIONTY
EtXy 1 (FTBERS PER SG £ oF FTLTER) 19b6(F1R2,443X)/
FEX GV (FIBERS PER CU% i'_TED OF AT&)1eb(E12,443%X)7)

WRITECGIO1S) (COMRACI IR s IFI2=[95) s (VOLMASCIFIRISIFIBsLs2)
FORMATCIX o IMASYH COY T wTRLT L NS 3Xe ¢ PERCENT TOTAL FIBERSH/
¥1Xo 1 (GRAMS PFR £Q (v )7 Fil TER) U,
XX o2 (L1246 Me3X ) o3 (F L 00X e TX)/
FUXs 1 (GRAMS PEKR 1UB » 178 7y AIR) ' 91Xe2(E12,493%X)7)
WRITELAy620) (MEAMILLIFIMY e i IE~10b)
FUSDEVOIwIFIBY s IF Tty
FCMCANCAY IFIBY S TFIE- 1 3y

FEGMN(L o IFIR) $IFTRZE 5,
FLOVARCIPIFIB) 91 T8 ten)

FORMATCLX g ' LENGTH ANT I Xea(F12,403X)/
YAy L (MICPONS) SID N g BY- LRIl e 3XY/
LY IMOAN LOG1T 7R 5012, 5:44)/

XLLY, IGEQM MN 1o 7Xen:l 12,8 01)/
FLIXWICOEF VAL T X (712, in70)))
WRITE(Gr62Y) (FEA&r o w [FI YT 18116}y

F(SDEVI2yIFIB) v IFIBE106Yy
F(MEANCS» IFIBY s [FIB=L96)e
F(GMN(20IFIR) 1 1IFIB=1y6),
${CVAR(2+IFIB)»IFIB=1e6)

FORMATCIXeIDTAMETER MEANt 3 1Xeb(F12,403X)/
*¥{Xet (MICRONS)Y STD DEV!8Xe6{F12,4¢3X)/
R{LXe IMEAN LOG'1TXsb6{F12.493X)/
E4IX o IGEOM MN 19 TX96(F§2.493X)/
BLIX'COEF VAR TXpb6(F12.403X)/)

WRITE(O61630) (MEAN(3+IFIB)sIFIB=1¢6)s
ESHEVISyIFIBY o [FIB=116)y
EEMEANCOY TFIBY v IF 181169
¥(GMN(3eIFIR)}yIFIH=L46)y
F{CVAR(ZyIFIB)+IFIB=146)

FORMATC1X s 1 VOILUNE MEAN! y {SX96C(EL12,803%X)/
FiIXe 1 (CUB CM) STD DEV1212Xs6(EL12,4¢3X)/
XLIXg IMEAN LOGHTXeb(F12,403X)/
FLEX W IGEON MN e tIXeGCEL2,U03X)/

FUIX ICOEF VAR! »LIX00C(E124893X)/)

IFf CIEMD,ER,1) GOTO 9999

GOTO 050

sT0P

END
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ILLUSTRATIVE TABLES
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Table D-1

ZLECTRON MICROSCOPE METHODS FOR ASBESTOS DATA ENTRY FORMAT, PER FIBER

Cols.

1-2
3-5
6-8
9-12
13-18
19-24
26

28

30
32-36

37-43
44-50
51-55
36-60

61-65

71-72

Description of Coding-Sheet Field

Permissible Values®

EM grid opening ID
EM field ID
Sequence no. of fiber within field**
Cumulative sequence no. within sample**
Diameter in mm (do code decimal point)
Length in mm (do code decimal point)
2 if fiber extends beyond perimeter
1 if a fiber bundle
Fiber type
Case identification:
Col. 32 - lab

33 - filter - sample

34 - punch - grid

35 - instrument type

36 - operator within lab
Magnification in multiples of K = 1000

(do code decimal point)
Area of EM field identified in cols. 3-5,
in 1076 cm?

Ashing factor

(do code decimal point)

Volume of air sampled in m3

Effective area of the original membrane
. 2
in cm

Data set code

01l to 99

001 to 999

0 to 999

0 to 9999

0.0 or greater
0.0 or greater

0
1, 2
1, 2
1, 2
1, 2
1.0 to 99.9

0.001 to 999.99

0.1 to 10
1.0 to 100.0
1.0 to 999.9

1 to 99

* Right-justify numbers in all fields unless a decimal point is
entered. A blank is equivalent to a zero.

atauta
EANAS

(1) 0 entered for sequence no.

If no fibers are observed in a

sequence no.

(2) diameter and length fields
(3) grid opening ID, field ID,
entered as usual.

40

and also columns 26,
case 1D, magnification, and area,

field, write a one-line record with:
of fiber in field and for cumulative

28, and 30 blank



Table D-2

ILLUSTRATION OF FORTRAN CODING FORM SCHEME

‘|9.2 406.5

|
|
!
|
‘

'

.182 |1.0
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N~ - M- N™M

N et o~ NN
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Table D-3
COMPUTER PRINITOUT OF DATA CARDS

1 2 3 4 5 6 78 9 10 11 12 13 14 15

%

» U o~ -
] & ) 55 S5 2
o & a = o o w

H g =1 - @ E\? o —
20 L‘“E; - = E o g ﬁ;: B
P2 T U e M = o) 0 . Y o~ 4+ O < ©
‘E‘ 3 ‘”"_“o’m g ?:C gw g- g) 574 ("‘3 EE mg e
g ¢ s By ¥ 03 S22 & a = w sy ™ wo 2T 5

o = g =ZAa c - =] o v a0 o o JEETY
= o ) = o] DS (o= ha) o — o @ %
T % o5 g™ 23 258 3 &= 8> = S8 &4 9
& aggds £ A =T A T 2% 2 24 &3S S
1 1 1 1, 20, 1 031111 17 «18R 1,0 9,2 406,.9 3
1t 2 R 25 Yo 2 31113 17, 182 1,0 9,2 406,% 3
{1 2 1 3 .5 17, 2 311t 17, 182 1,0 0.2 406,8 3
1 2 2 4 1, 10 1311ty 17 182 1,0 9.2 406,8 3
1 2 3 5 1, 18, 131111 17, 182 $,0 9,2 406,S 3
1 U2 & U TS 22, 1 31341 17, <182 1,0 9.2 406,98 3
{1 02 S 07 1, 12 131ttty 1Y, 102 1,0 9,2 406,% 3
1 02 & 08 W5 LU 3 31111 17, + 108 (.0 9,2 406,98 3
1 03 § L9 2% 24, $ 31313 17, 1182 1.0 9,2 4Qe,Y 3
{1 03 2 10 JTI5 18, 2 31111 17, 182 1,0 9.2 b6, 3
1 03 3 11 i, 104 1 31111 17, 182 1.0 9,2 40e,S 3
1 03 4 12 1, 8, IS SRR EERD 182 {,.0 0,2 406,.% 3
1] 03 % 13 25 10, 3 34118 17, «182 1,0 9,2 ule,S 3
1 vé 1 td 25 &, 1 31111 17, 0182 1,0 Q.2 406,58 3
{1 oo 2 1% 25 20, 2 31188 17T +182 1,0 9.2 4O6,Y 3
1 04 3 Lo W5 S 3 031111 17, 2182 140 9,2 406,S 3
1 05 1 17 2 65 2 1 311t 17, «182 140 9.2 4068 3
1 09 2 18 1. 10 2 31118 1T, «182 140 9,2 406,58 3
1 05 3 19 ] 4, 2 31111 17, 0182 1,0 8,2 406,% 3
{ 06 | 28 {. 10, 1 31131 17. 182 1,0 9,2 w0s,S8 3
{ 06 2 21 2. 32, 1 31111 17, «182 1,0 G,2 40,8 3
1 07 1 22 1. 2%. f 31118 (7. <182 §.0 9,2 406,8 3
1 08 3 23 5 B 2 31118 17, <182 1,0 9,2 u0é,5 3
1 09 i 24 W25 b 2 31t 1Y, »182 1,0 9,2 406,% 3
1 9 2 2% 1. 304 2 { 3t111 17, .182 1.0 9.2 406,8 3
1 10 3 26 1. 164 2 {31111 17 o182 1.0 9,2 406,.% 3
110 2 27 . LY 2 1 31111 17 01682 1,0 9,2 406,89 3
t 1 3 28 . 12 4 13111t 17, $182 140 9.2 406,% ]
1 10 4 29 25 104 2 31181 17, o182 1,40 9.2 W06,5 3
1 10 5 30 225 U, 3 Ost18t 17, .182 1,0 9,2 u0b6.% 3
2ttt 3 1. L 1 31188 1 7. 182 1.0 9,2 406,58 3
211 2 32 i. b, 1 31141 17, 182 1,0 9.2 06,8 3
211 3 33 o5 Ss 2 31111 17, 182 1,0 9,2 406,5 3
2 1t 4 34 4§, b, 2 2 35311 17, «182 1,0 9,2 40,8 3
2 12 t 3% . LY {31111 17, <182 1.0 9,2 4068 3
2 12 2 36 o? dy 2 31181 (V. s 182 1,0 9,2 406,5 3
212 3 37 25 G 3 31181 17, o182 1,0 9,2 406,.9 3
2 13 1 38 1. 18 1 31111 17, 182 1,0 942 400,8 3
213 2 38 «2 12 3 3t1tL 17, 2182 1,0 8,2 40e,9 3
2 14 1 w0 1. 20. 131111 17, +100 4,0 9,2 4wls,9 3
215 1 &l 1, LY 1 31111 17, 182 1,0 9,2 u0s,.8 3
2 1% 2 42 5 124 2 31141 17, 2182 1,0 9,2 406,85 3
2 15 3 4l 025 8. 2 3tiil 7. v182 1,0 9,2 U0G,.S 3
215 4 us 25 3 3 31181 17, «182 1,0 9,2 ube,% 3
216 1 4% *S Se 2 31111 17, 2182 1,0 9,2 06,8 3
2 16 2 4e oc 3, 3 31111 17 1082 1,0 9.2 406,8 3
247 1 47 &, a5 2 1 38148 17, 182 40 9,2 406,58 3
217 2 48 1. 20s 2 1 3L 17 o182 1.0 9,2 406,59 3
217 3% 4e 5 . 2 1 31111 17, 182 1,0 9,2 40e,S 3
2 17T & 5S¢ 75 B e M1t 17 182 1.0 9,2 406,5% 3
217 5 5% .1 12 3 31t {7, 182 1,0 9.2 a0s,8 3
2 16 1 82 o5 30, 1 31111 17, 182 4,90 9,2 4i6,S 3
2 1A 2 83 (.S a8, 1 31118 17, «182 1,0 0,2 40b6,9 3
2 18 3 &4 .2 8, 2 31111 17, 182 1,0 9,2 406,8 3
2 18 4 8% ¢, 10, 2 1 31111 17, 182 1,0 Q,2 406,% 3

* See page 44 for detailed explaration of the cclumn headings.
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Table D-3 (continued)

1* 2 3 4 5 6 78 9 10 11 12 13 _ 14 15 16
219 1 Se 5 1% 1 51111 17, «182 1,0 9,2 406,% 3
219 2 87 2% b, 4 31111 17, .i82 1,0 9,2 406,% 3
219 3 S8 25 12, 3 31111 17, 102 1,0 9,2 406, 3
220 { %9 o1 8, 2 31111 17, L1082 8,0 9,2 406,98 3
220 2 60 1,5 28, 1 3111t 17, 182 1,0 9,2 406,89 3
220 3 61 «5 27 2 2 31111 17, 182 1,0 9.2 406,98 3
2 20 4 62 025 10. Py 3,1!! 170 .!02 !00 9.2 006.! 3
321 § 63 «75 15, 1 31214 17, o182 1,0 9,2 406,y 3
321 2 &4 25 8, e 3121t 17, 182 t,0 9,2 406,8 3
32t 3 &% 5 1%, 2 31211 17, 182 1,0 0,2 406,89 3
321 4 6e 2% 3, 3 31211 17, o182 1,0 9,2 404,58 3
322 | &7 .5 L. ] 1 31211 17, .182 1,0 9,2 406,% 3
322 2 o8 5 10, S 31214 17, «182 1,0 9.2 406,S 3
322 3 49 25 5o 3 3121t 17, 182 1.0 9,2 406,% 3
323 ¢ T0 .5 7 1 3121t 17, .182 {,0 9,2 406,% 3
323 2 1 «25 120 2 31211 17, 2302 1,0 9,2 406,9 3
323 3y 712 o2 3, 3 31211 17, +182 1,0 9,2 406,8 3
324 ¢ 73 %, 28, 1 31211 17, 182 1,0 9,2 406,85 3
328 2 T4 %, 30 1 3121t 17, 182 1,0 9,2 406, 3
32% 1+ TS 1.% 6, 1 31211 17, «182 1,0 9,2 406,58 3
325 2 Ve 25 8, 3 31211 17, «182 (,0 9.2 406,9 3
320 1 77 «75 13, 1 3121t 17, 1182 $,0 9.2 06,9 3
326 2 78 5 10, 2 31281 17, 182 1,0 9,2 406,5 3
326 3% 79 25 9, 3 31211 7. «182 1,0 9,2 406,59 3
327 1+ 8 % 26, 1 31211 17, «182 1,0 9,2 406,58 3
328 | 8§ 5 19, e 38218 17, <182 t,0 9,2 406,58 3
329 { 82 2, 17, § 31211 17, «182 1,0 9,2 406,9 3
3129 2 83 25 3. 3 31211 17, «182 1,0 9,2 40e,% 3
3310 1 A4 g, 3, 2 1 31211 17, 182 1.8 9,2 406,9 3
330 2 A 'S 44 e 31211 17, 182 1,0 9.2 406,59 3
T30 3y A «2% &, 3 31211 17, 182 1,0 9,2 406 ,.% 3
4 31 | &7 3, 18, 1 31211 17, 0182 1,0 9,2 406,9 3
4 3t 2 &8s ] T 4 31211 17, «182 1,0 9.2 406,59 3
4 31 3 8% <5 1S, 4 31214 17, 482 1,0 9,2 406,58 3
4 32 1 9 1,5 25 1 31211 17, 182 1,0 9.2 ul0e,9 3
432 2 91 1, 1%, a 1 31211 7. 182 1,0 9.2 406,9 3
4 32 3 92 |, 10, ¢ 31211 7. <182 §,40 9,2 406,S 3
4 33 { 93 i, 3%. a 1 31281 7. 182 1.0 9,2 406,9% 3
4 33 2 %4 «25 S 3 31218 17, o182 (.0 9,2 4d6,9 3
4 34 1 9% 2, 10, e 1 31211 17, 182 1,0 9.2 406,% 3
4 34 2 98 . 15, 2 1 31211 17, «182 1,0 9.2 404,9 3
4 34 3y 9 1, 12, 4 3111 17, «182 {,0 9.2 406,58 3
4 35 § o8 2, 28, 2 1 31211 17, «182 1,0 9,2 406,9 3
4 35 2 99 2, 12, 1 31211 17, «182 1,0 9,2 406,58 3
4 3% 3 tu0 1, 11, 4 31211 17, 182 8,0 9,2 406,83 3
4 3% o 103 11, 8 4 31211 17, o182 1.0 9,2 406,9 3
4 38 S5 {02 «5 10, 3 31211 17, «182 1,0 9,2 406 .9 3
4 36 | {03 5 13, 2 1 31218 7, 01682 §,0 9,2 406,95 3
4 36 2 104 S de 4 31211 17, 0182 1,0 9.2 406,% 3
4 36 3 108 «5 10, 3 3128) 17, «182 1,0 6,2 408,59 3
4 37 { 1ve 5 9%, 1 31211 17, 102 1,0 9.2 406,9 3
4 37 2 107 .S s, 4 31211 17, «182 1,0 9.2 406, 3
4 37 3 108 25 6, 3 31211 17, «182 1,0 0,2 406.9 3
4 38 1 fUe 1, 4S. 2 1 31218 17, 182 t,0 9.2 06,5 3
4 39 1 110 g, 25, 1 35211 17, .182 1,0 9.2 406,S 3
4 319 2 111 25 5. 3 31211 17, .182 1,0 9,2 406,8 3
4 40 t t1e2 85 17 1 31211 17, 0482 1.0 9.2 u0s,S 3
4 40 2 113 2. 12 1 31211 17, «182 1,0 9,2 BOO.S 3
4 40 3 {14 «75 5, 2 1 31211 17, 0182 1,0 9,2 406,58 3

* See page 44 for detailed explanation of the column headings.
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EXPLANATION OF THE COLUMNS IN TABLE D-3

Column 1 -- EM grid opening identification number

Column 2 -- Identification number for the field of view

Column 3 -- Sequence number of a fiber within a given field
of view

Column 4 -- Cumulative number of fibers counted

Column 5 =-- Fiber width in mm

Column 6 -- Fiber length in mm

Column 7 -- A '2' indicates the fiber crossing the peripgter
and, hence, one that is counted as a half-fiber

Colunn 8 -- A 'l' indicates a bundle

Column 9 -- Fiber type identification code

L » chrysotile
2 - ambiguous
3 » no SAED pattern, etc.

Column 10 -- Case identification. Laboratory che, sample
code, TEM grid index, type of TEM instrument
code, the operator code, etc.

Column 11 -- Magnification at the TEM fluorescent screen in
multiples of 1000 6

Column 12 -- Area of one field of view in multiples of 10 cm

. . n-

Column 13 -- Ashing factor, to account for the dilution_ or co
centration resulting in the ashing step. h¥n the
procedure without the ashing step, the ashing
factor is taken as 1.0.

Column 14 -- Volume of air sampled in m3

Column 15 -- Effective area of the original air filter in cm

Colunn 16 -- Index for the data set
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Table D-4

PRINTOUT FROM PROGRAM CONLAB CHARACTERIZINMNG PARAMETERS PER TEM GRID

FIrEM AND MASS CONCENTRATION

SUMMARY

TrYal ARCA SCAWNED & Luft)deidsy S (M
TOTAL AKLA FILIER = 4ne,5 Su (M
TATAL FlaF2 COUNT = Ka,5 FIAERS
TeTAL VOLueE ALR = q,¢ CURIC METERS

relySOTjLE

FIRER COUNT

(F1RF3§) 26,9
Flabe (OrEsTRATING,
(FIRERS 22 8§80 L0 F Fit 1l w) JhAlRYOT
(FIRIRS pro Clg METEN LF AIR) 2024409
PSS CUMCETRATION
(L3443 PCL §5 CM OF FILTLH) s1241=U0
(=ramf POR roR MLTER DF ATR) R-PLELILY
(AP g3 M AR TR
{0 9S) 5T oy [T AT
~tanN LOG ite9e
Gy My | AN RS
rore vaw Ly P0AB
TEAET R AN 133
CitmySt & uly 0 1405
AL LN -y, upsy
F M M 329
crpF vak e85 4
LT Mg AP T210=1 4
(e oMy st ol NALTIIR
Ty ST A 3G, snAR
GEAS M eTRGuU=1T
L0FFE vaAk St Iner ]

AMPHIRQLE

0

0000
W0000

0000
L0000

L0000
L0000
0000
0000
D00

UL Y
2grnn
0000
JunQon
y L0

JNuNY
1000
su000
.N00P
$ 0000

AMBlGUOUS

19,0

4745407
2097409

33.63 %

7182
o62b7
*,6534
oheny
LX)

20279
«0160
«3,9964
O1RG
092R2

+5898e1b
«oPB2e15
=37 ,.986)
+3183m38
sN29IF0U

LAB 3 SAMPLE |
NQ PATTERN NON=ASRESTOS
10,0 1.0
« 2498407 WEUGR+0OS
1104409 1104408
PERCENY TOTAL FIBERS
17,70 X 1.77 %
T AL «3529
+2188 0000
=, 9470 1,045
« 3879 3529
7397 +0000
U162 «0147
00714 «0000
.“12‘71 l,210%
0347 «0347
sDu6ld «0000
«1084m LS e5098m1p
s1116e1S 0000
«37,.,2538 *37.3534
eh620m1b 25998=1p
19806401 V000

GRID 1 CASE 3

ALL FIBERS

5645

«1411+08
6235¢09

1.1038
1.1382
»,3733

«5885
1.2524

YL
20233
=§,7716
0230
{28085

«3590+*310
«1118=13
=38.5023
+1900=36
e 79411 0%
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Table D-5

PRINTOUT FROM PROGRA!1 CONLAB CHARACTERIZING PARAMETERS PER TEM GRID

SUMMARY
TrTA, ARCA SCANNECD = CH6UN=NS S (LM
THTAIL ARCA wILTIW = qne .Y R (M
TATAL Flufw COYNT = ar.o FLlREWS
TATAL VOLHME ALR 9.2 rFuRlC METERS
CrRYSCTILE AMPHIROLE
reseR coovy
(FI=I'RS) Pu.0 1.0
Fr3ve CONPRTRATION
(FI%IRS PFw SO CM OF FIl Ti:R) L5U95¢07 2707408
(FIZURS PFR s ALilmw UF 2IW) J2U2R+Q] «121UsQR
MESN CUMCENTRATIONM
(r5eM§ PLR 53 CM AF FTLYLR) J120u=0p «329u=09
(rRkus PCE € METIR CF ATRY «5320=0% 1UHS=0T
LI €Tw ME AN 17901 LHRRZ
{(M10RrrS) 8Yy DO 1eneed +0000
b AN LQG 1371 =45306
GROM MN 1.147¢C 5R82
COCF VAR 141574 0000
SIATCTER LEAN CUBKU su29d
(10RrasS) ST 00y «01R2 «0000
TMEAM LUG =3.523¢8 m3.5264
GF M MN N2OY el
CCLF VAR JL.50U0 0000
[INN Sy VFAM Jhugr=14 $3997.18
(rub €M) sy QFv L BN W00CC
th AN LOG L T5'3 =35,uk8859
GEOM My «7373=18 «3997=15
CNEF VaAK 21210009 L1000

FIRER aND MAZS CUNCENTRATION

AMBIGUOUS

°.O

1648407
. 7283408

12.77 %

«&078
2465
=s6029
5472
02e7

0245
« 0069
=3.757u
«0233
« 3865

325115
0 2220=15

=3%,9903

063“2-15
1378401

LA 3

ND PATTERN

12,0

+ 3297407
uS7409

PERCENT TOTAL FIBE
25,53 %

3284
21410
=1,2002
3041
«5108

0169
0056
®y,1226
0162
314b

«104B=15
v1327+15
«37,3179
e6209eib
1478401

SAMPLE

NON=ASRESTOS

8,0

«219A+07
9711408

RS
17.02 X%

5147
211
®,7949
4704
5447

J 044y
,0147
w3}, 1798
0dte
43142

1934215
bBoU=LS
«34,9870
«0387=15
»1582+401

GRID 2 (ASt 3

ALL FIBERS

47.0

«1291408
«5705409

1.0250
9549
-, 4648
6282
1.2627

0522
<0334
) 6480
« 02060
13778

«3824=14
s0855=14¢
«38,5986
«172%=1 6
01319406
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Table D-6

SUMMARY OF TEST RESULTS ON ONE AIR SAMPLE (SEE TABLES D-4 AND D-5)
1 2 3 4 5 6 7 8 9 10 11
Size Distribution of Size Distribution of
Number All Fibers Volume Conc. Number Chrysotile Chrysotile
Data Conc. of Mean | Mean Mean of all Conc. of Mean | Mean Mean |Mass Conc.
Set All Fibers, [Length, [Dia., | Volume, Fibers, Chrysotile, [Length, |Dia., | Volume, in Air,
Code 105 /m3 Um um {107 em®| 1075 em? /m? 10% /m? Lm um {10~ cm® yg/m?
3-1 623.5 1.104 |0.044] 3.590 2238.4 292.4 1.658 [0.068| 7.210 5.482
3-2 570.5 1.025 |0.052| 3.822 2180.5 242.8 1.794 |0.086| 8.428 5.320
Mean 597.0 2209.4 267.6 5.401
Std. Dev. 37.48 40.94 35.07 0.115
Std. Error (SEm) 26.50 28.95 24,80 0.081
t 12,706
t * SEm 336.71 367.84 315.11 1.029
95% Conf. Interval
Upper 933.71 2577.24 582.71 6.430
Lower 260,29 1841,56 (negative)* 4,372

* Negative values are truncated to zero,

Such situations are due to limited replication.

at least 3 or 4 TEM grids' be examined to substantially improve the precision.
Also the standard error decreases with greater replication.

4,30 for n

3 and to 2.77 for n = 5.

It is recommended that

t-value decreases sharply to
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