


Since many talc deposits contain asbestiform amphiboles and in some cases chrysotile
(a serpentine), a large portion of the NIOSH environmental studies is directed toward
determining mineral fiber exposure patterns and characteristics. For such studies, the
primary method used is analytical transmission electron microscopy. This report includes
a description of the equipment and procedures used by NIOSH for its environmental studies
of industrial talc exposures and results of industrial hygiene studies in a talc mine and
mill producing talcs containing asbestiform amphibole minerals. Also discussed are com-
mercially employed definitions of what constitutes asbestos and the relationship of these
definitions to observed industrial asbestos exposure characteristics.

Analytical Methods
Equipment

A number of methods are available and have been used to identify and gquantitate
asbestos concentrations in environmental samples. These methods include x-ray
diffraction, differential thermal analysis, phase contrast and bright field optical
microscopy, petrographic microscopy, scanning electron microscopy, and transmission
electron microscopy. Each of these methods have certain advantages and disadvantages
[4,5]. However, many researchers today consider analytical electron microscopy to be the
method of choice for studies of occupational and environmental asbestos exposures.

For NIOSH studies of industrial talc exposures, analytical transmission electron
microscopy is employed along with other standard mineralogical techniques such as x-ray
diffraction and petrographic microscopy. The analytical system consists of a combination
transmission-scanning electron microscope with a side entry stage equipped with an energy
dispersive x-ray detector which is fitted through a port in the microscope column parallel
to the specimen holder. The specimen-to-detector distance is approximately 10 mm with the
specimen tilted 39 degrees to the electron beam for optimum x-ray collection. The energy
dispersive x-ray detector has an actual energy resolution of less than 170 electron volts,
and -spatial resolutions of 1less than 0.5 micrometers are easily realized. This
combination of analytical instrumentation permits visual characterization of particulate
morphology such as fiber shape, length, and diameter as well as fiber identification using
both selected area electron diffraction and x-ray microchemical analysis. In addition,
surface topography may be further studied with this instrument by use of the scanning mode
of operation using secondary electron images.

Procedures

Either bulk quantities of materials of interest, such as talcs, or environmental
samples collected on membrane filters are routinely analyzed. The majority of samples
studied consists of airborne particulates collected in industrial operations for the
purpose of determining occupational exposure patterns. These samples are routinely col-
lected on Millipore AA, 37 mm diameter membrane filters at sample rates of 1.5-2.0 Titers
per minute. Sample durations may vary from 15 minutes in very dusty operations to six
hours for operations with 1ittle visible dust.

The method presently used by NIOSH for preparation of membrane filter samples for
electron microscopic analysis is a modification of a direct clearing method first described
by Ortiz and Isom [6]. The NIOSH method has been described in detail elsewhere [4].
Briefly, this method consists of the following steps:

1. A section of the membrane filter is cut with a cork bore (8 mm diameter)
or a scalpel. This section is removed and placed sample side up on a clean

microscope slide with the edges fastened to the slide with either a gummed
binder ring or tape.

2. The slide assembly containing the sample is placed in a glass petri dish on
top of four Whatman filters which have been saturated with acetone and
covered. The acetone vapors destroy the microporous structure of the filter
by slow dissolution, preducing a fused, microscopically smooth surface on
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the sample side of the membrane filter. A 10-minute fusion time has been
found to be generally acceptable for Millipore AA filters.

3. After fusion of the filter surface, the slide assembly is placed in a vacuum
evaporator on a rotary stage where the sampled side of the filter receives a
fairly heavy (~200 A) carbon coat. This carbon coat aids 1in retaining
particles during subsequent filter dissolution and also provides for greater
thermal stability during microscopic examination.

4. The final step is dissolution of the membrane filter and deposition of the
particles onto electron microscope grids. A modified Jaffe Wick method is
used whereby four Whatman filter papers are saturated with acetone. Two-
hundred mesh carbon filmed grids are used and the coated filters are placed
sample side down on them. The petri dish is then covered. Complete filter
dissolution takes 8 to 16 hours. Acetone is replaced as necessary.

Using this method, many filters may be prepared as a '"batch". Particle losses have
been Tow and estimated at less than 10 percent [6].

Samples prepared by the preceding method are analyzed using analytical transmission
electron microscopy whereby three pieces of data are gathered and used to identify each
fiber (3 to 1 aspect ratio particles) observed. These include: (1) visual identification
of single fiber electron diffraction patterns, (2) wvisual identification of
semiquantitative elemental analysis spectra using x-ray microchemical techniques, and (3)
observation of morphological characteristics, such as diffraction fringes, which may aid
in identification. In addition, fiber length and diameter are also recorded. For most
studies an accelerating voltage of 100 kilovolts is used with a screen magnification of
approximately 17,000X. Beam currents are usually fixed at 100 microamps (not to be
confused with specimen current).

Fiber concentrations are estimated using the average grid opening area as the cali-
brated counting area. To optimize statistical accuracy of the analysis while keeping
analysis time to acceptable 1imits, 10 grid openings or 50 fibers are analyzed for each
sample with a minimum of 5 grid openings. Analysis times range from 90 minutes to 3 hours
per sample. Using this counting criterion for a typical 90 minute sample collected at 2
lTiters per minute, the Tlower T1imit of detection is estimated to be Jless than 0.1
fibers/cc. Precision and accuracy estimates from studies of the NIOSH phase contrast
method [7] are considered generally applicable with a coefficient of variation of
approxXimately +25 percent for most samples.

Environmental Studies of Talcs Containing Asbestiform Minerals

Methods

As previously mentioned, a large portion of the NIOSH industry-wide study of the talc
industry involves industrial hygiene studies of worker exposures, including exposures to
asbestiform minerals. One such operation recently studied involved a mine and mill
producing industrial talcs certified by the mining concern to be free of asbestos.
Apparently, the prime analytical methods relied upon by this company to conclude that its
products were asbestos free were gross methods such as observation with a common hand lens
or at best Tow power stereomicroscopy both of which were claimed to be sufficient and

proper mineralogical techniques.

In order to evaluate these claims, a detailed industrial hygiene study was conducted
at the mine and mill 1in question to evaluate worker exposures using best available
sampling and analytical technology. Although a number of different sampling and analysis
methods were employed, only results of the fiber samples are presented in this report.

In order to evaluate fiber exposures and exposure characteristics, personal, breathing
zone samples were collected from workers in the mine and mill using 37 mm diameter,
Millipore AA membrane filters operated at a flow rate of 1.7 liters per minute. Sample
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NOTE:

Conclusions
Based on the preceding discussion, the following conclusions are drawn.

Commercial definitions of asbestos, whereby asbestos fibers are defined on a micro-
scopic scale, have little or no relevance to actual airborne fiber exposures where
fibers of microscopic scale are of concern. Furthermore, those mineralogical or
geclogical methods such as examination of ore specimens with a hand lens or low power
microscopy are of limited value for routine identification of asbestiform mineral
contamination in minerals or mineral products.

Users of products containing asbestos have a right to know that they have potential
for exposures to asbestos or asbestiform minerals such that proper precautions may be
taken to eliminate or reduce exposures. Producers of these products have an obligation
to provide these data based on appropriate analytical techniques. Regulatory agencies
must insist that appropriate techniques be employed and monitor results.

Inasmuch as considerable quantities of data are available suggesting that many
fibrous materials may be biologically active [8], consideration should be given for
establishing exposure standards for "mineral fibers" as a class of materials with
similar health effects. The Tlives and health of American workers, America's most
valuable resource, should not be compromised while the health scientist and the
mineralogist disagree over definitions. As Dr. Paul Kotin of the Johns-Manville
Corporation stated so well at this conference, the body has not read the asbestos
regulations to decide which fibers should cause a biological response. Similarly,
neither has the body read a mineralogy text to determine which particles of fibrous
minerals should be considered "asbestos" or only mineral fragments.
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Discussian

Discussion of this paper was included in the General Discussion at the end of this
session.
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