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This current repott on ashestos has been prepared by the

Bureau of Mines, U.S. Department of the Interior to— - .

1. Provide pecise nomenclature and information on
selected silicate minerals and their asbestiform
varieties. i
2. Invite comment, revisions, or additional information :
on the subject.
Please direct communications to the author—
William J. Campbell
Bureau of Mines
College Park Metallurgy Research Center
College Park, Md. 20740
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As the Nation’s principal conservation agency, the Department of the Interior
has responsibility for most of our nationally owned public lands and natural
resources. This includes fostering the wisest use of our land and water re-
sowces, protecting our fish and wildlife, preserving the environmental and
cultural values of our national parks and histerical places, and providing fer
the enjoyment of life through outdoar recreation. The Department assesses

our energy and mineral resources and works to asswe that their development is -

in the best interests of all owr people. The Department also has a major re-
sponsibility for American Indian reservation communities and for people who
live in Island Temitaries under U.S. administration.

This publication has been cataloged as follows:

Selected silicate minerals and their asbestiform varieties :
mineralogical definitions and identification-characterization
/ by W. J. Campbell ... {et cl.] [Washington) : U.S. Dept. of
the Interior, Bureau of Mines, 1977.

$6 p. : ill. 3 27 em. (Information circular - Bureau of Mines ; -
8751)

Bibliography: p. 54-56.

1. Silicate materials. 2. Asbestos. 3. Asbestos fibers. - I.
Campbell, Villiam Joseph, 1926~ ° . II. United States, Bureau
of Mines. [II. Series: United States. Bureau of Mines. [nforma-
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SELECTED SILICATE MINERALS AND THEIR ASBESTIFORM VARIETIES
Mineralogical Definitions and ldentification-Characterization
by

W, J. Campbell, 'R, L, Bloke,2 L. L. Brown,3 E. E. Cather,4 and J. J. Sjoberg5

ABSTRACT

This report by the Federal Bureau of Mines Particulate Mineralogy Unit
recommends mineralogical definitions and identification-characterization con-
cepts for selected silicate minerals and their asbestiform varieties. Precise
definitions acceptable to mineral analysts, regulatory personnel, and medical
scientists are essential because of the present lack of conformity in termi-
nology concerned with measuring and controlling asbestiform particulates and
their related health effects. Because of the complexity and variability of
crystal morphology in different mineral groups, the descriptive terms are gen-
erally explained by illustration rather than by numerical values. Applica-
tions and limitations of several analytical techniques for particulate
identification and characterization are discussed.

INTRODUCTION

Concurrent with concerns within the Federal Government over future avail-
ability of minerals to meet our expanding needs is the requirement that miner-
als and mineral commodities be mined and processed with minimum environmental
impact. Traditiomally, matters related to "... inquiries and scientific and
technologic investigations concerning mining, and the preparation, treatment,
and utilization of mineral substances with a view to improving health condi-
tions and increasing safety...." have been within the province of the Bureau
of Mines as authorized in the amended Organic Act of 1913 (Public Law 62-386).
Since its establishment by Congress, the Bureau of Mines has long been deeply
involved in i{mvestigating the explosive characteristics of dusts in the min-
eral industries in its mining and metallurgy research centers, and has estab-
lished analytical and mineralogical laboratories in seven metallurgy research
centers. These laboratories are essential to solving the increasingly complex

!Program coordinator, Particulate Mineralogy Unit, College Park Metallurgy
ag Research Center, College Park, Md.

ugirvisory geologist, Twin Cities Metallurgy Research Center, Twin Cities,
nn.

a
‘Geologist, Albany Metallurgy Research Center, Albany, Oreg. :

sGeologist, Salt Lake City Metallurgy Research Center, Salt Lake City, Utah.
Geologist, Reno Metallurgy Research Center, Reno, Nev.
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safety, health, and envirommental problems posed by dusts within the mineral
system.

*Various legislative actions and public concerns within the past decade
have, had, and will continue to have, an impact upon the mineral industry.

water. Figure 1, from an Environmental Protection Agency report, shows the

widespread occurrence of common amphibole and serpentine minerals that, accord-
ing to existing regulatory definitions, may be classified as asbestiform min-

erals (16).°® With such possibly overwhelming implications to both mineral
producer and mineral consumer, it is essential that existing ambiguities
regarding silicate minerals and their asbestiform varieties be resolved.
Until recently, adverse health effects associated with asbestos were focused
on occupational exposure in asbestos-related industries.
national concern regarding the effect on health from long-term low-level, or
short-term high-level, exposure to mineral particulates by the general public
(5, 28, 36). These particulates may include both the common and the asbesti-
form varieties of certain silicate minerals. In many instances, cleavage
fragments of common amphibole minerals have been mistakenly identified as

x@

o :\x

=

N

FIGURE 1. - Regions of the United States (shaded arec) reported by the Environmental Protec-
tion Agency to contain asbestiform minerals in the bedrocks (16).

8Underlined numbers in parentheses refer to items in the list of references at
the end of this report.

As
a result, control of mineral particulates is becoming increasingly important,

with much recent attention focused on asbestiform particulates in both air and

Now there {s inter-
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microscopic fibers of the related asbestiform variety. Such lack of precision
in identifying these particulates is a handicap to sclentific decisiommaking
by regulatory agencies and medical researchers. The Particulate Mineralogy
Unit was created to work on problems such as this.

The Particglate Mineralogy Unit

The Bureau of Mines established the Particulate Mineralogy Unit in
September 1976. The College Park Metallurgy Research Center in College Park,
Md.,” is the focal point for this unit, but substantial support will be sup-
plied by the other Bureau of Mines metallurgy and mining research centers,
which are located throughout the United States. The unit is to assist local,
State, and Federal agencies in establishing precise and workable mineral defi-
nitions and to improve or develop methods of particulate identification and
quantitative measurement. The unit is also providing characterized serpentine
and amphibole minerals for use by Federal health agencies in their asbestos-
related research programs. '

Scope of Report

This Bureau of Mines report is intended to clarify some of the terminol-
ogy used in identification and characterization of asbestiform minerals, and
to sharpen the distinction between common rock minerals and their asbestiform
varieties. It defines certain mineral terms related to asbestiform minerals
and discusses mineral-characterization techniques on a strictly mineralogical
basis. The report then discusses the identification of silicate particulates
and suggests how to apply this information to asbestos-related problems. Sug-
gested areas for further research are summarized at the end of this report.

ACKNOWLEDGMENTS

The following College Park Metallurgy Research Center personnel are
acknowledged for their invaluable contributiomns. Photographic assistance was
provided by Garrett Hyde, research physicist, and Lawrence Johnson, geologist
(mineralogy). Application data were provided by Raymond Brown, physical
science technician; Charles W. Huggins, research chemist; and Eric Steel and
Robert Virta, geologists (mineralogy).

7The research center is scheduled for relocation to Avondale, Md., in June
1978.
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é',:;r NOMENCLATURE OF SELECTED SILICATE MINERALS

) . AND THEIR ASBESTIFORM VARIETIES®

§f¢' _ Background'

B In August 1976, a preliminary paper (1) was presented from which the

£33 Bureau of Mines hoped to elicit suggestions from the mineralogical community
2. ‘for critically defining silicate minerals and their asbestiform varieties.
(R Significant terms such as "asbestos," "asbestiform," and "fibers" have dif-
5 ferent meanings to the various concermed groups--mineralogists, regulatory
ﬁ%%’ agencies, medical scientists, and industry. This has resulted in situations
g3§ where erroneous conclusions have been drawn. Thus, precise definitions are
= required that will be uniformly accepted and applied by all personnel involved
2% with silicate minerals that have asbestiform varieties (4, 11, 24-25, 31, 39).
f’; Mineralogical nomenclature recognizes the historical origin of terms, and
3 changes are made only when they are proven incorrect by new information

555 (10, 32). The science of mineralogy is constantly being advanced with newly

b= examined mineral occurrences and with new and improved instruments and tech-
R niques that provide more details on chemical composition, crystal structure,
i%_ and morphology. To prevent constant revision, nomenclature has to have a

4 certain flexibility, yet must be definite enough to be scientifically useful.
éﬁﬁ; The objective of this part of the report is to summarize mineralogically

éﬁﬁr acceptable terms that relate to asbestos.

3& There is no "group'" of asbestos minerals. ‘'Asbestos'" is a general term

applied to certain minerals (that are themselves classified under crystal-

ﬁi; structure-based groups) when these minerals crystallize as the asbestiform
= variety. Table 1 lists some common silicate minerals and their asbestiform

varieties, together with their relationships and formulas. Although discus-
sion in this report is limited to these minerals, appropriate terms and state-
ments also apply to other silicate minerals that have rare fibrous varieties
such as talc, some clay minerals such as attapulgite, and other amphiboles
such as arfvedsonite, eckermannite, and richterite.

g

TABLE 1. - Selected silicate minerals and their asbestiform varieties

Mineral i Asbestiform variety
AMPHIBOLE GROUP
Anthophyllite: (Mg,Fe*2), Si,0,,(0H,F),... | Anthophyllite asbestos.

Cumningtonite-grunerite: Cummingtonite-grunerite asbestos.
Mg,Fe*?), S1,0,,(0H),.
Tremolite-actinolite: Tremolite-actinolite asbestos.

Cap (Mg,Fe*?)g S1,0,2(OH,F),.

Riebeckite: NayFel? Fej® Si,0,,(0H,F)z.... |[Crocidolite.
SERPENTINE GROUP

Serpentine: MggS1i,0;o(OH)g.vvevnncennneann ]Chrysotile.

8Tibor Zoltai, Professor, Department of Geology and Geophysics, University of
Minnesota, made significant contributions to this section of the report.
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Amphibole minerals and, to a lesser degree, serpentine minerals occur widely
distributed in the earth's crust in many igneous or metamorphic rocks. In some rare
instances, the mineralogical occurrences contain sufficient quantities of usable
asbestiform minerals to be economically minable for commercial asbestos.® The soft,
silky fibers of asbestos (sometimes called mineral silk) are so flexible that they
can be spun into threads from which cloth can be woven. The resulting material is
fireproof, 1s a good thermal and electrical insulator, and has moderate to good
resistance to acids. It has been used from Roman times, and is most familiar in
daily use in brake linings for automobiles and as the "asbestos" siding used in resi-
dential construction.

Only a very small quantity of the amphibole and serpentine minerals under par-
ticular geologic circumstances occur as the asbestiform variety of the mineral. The
asbestiform varieties occur in veins or small veinlets withim rock containing or com-
posed of the common (nonasbestiform) variety of the same mineral. Macrophotographs
of the minerals of table 1, both asbestiform and nonasbestiform varieties, are shown
in figures 2 through 7.

The serpentine group of minerals is limited to serpentine as the common variety
and to chrysotile as the asbestiform variety. Antigorite and lizardite are not
listed as separate varieties, but are understood to be included in the term
“gerpentine" because they represent 2 frequently named polytypes of about 10
recognized polytypes of serpentine (20). The polytypes differ only in minor struc-
tural stacking of components and are not sufficiently different to have a separate
mineral status. Chrysotile generally occurs segregated as parallel fibers in veins
or veinlets, although a recent study (6) has shown fine chrysotile intimately inter-
grown with the lizardite polytype.

The minerals and mineral series of the amphibole group in table 1 have variable
compositions with extensive elemental substitutions and are found in forms ranging
from massive to blocky to very fibrous. Crocidolite is the varietal name given to
the fibrous habit of the mineral riebeckite (fig. 7), as shown by at least one study
(35). It is retained here as a useful and correctly identified term.

Cummingtonite-grunerite asbestos is the mineralogically proper terminology for
the commercial material commonly known as "amosite." Amosite, implied to be a min-
eral variety, is really an acronym--Asbestos Mines of South Africa--for a fibrous
mixture of minerals; namely, cummingtonite-grunerite with variable tremolite-
actinolite. Amosite has been discredited as a mineral species (22), and its use as
a mineralogical term should be discontinued; however, it is still useful as a com-
mercial term.

Mineral compositional series such as cummingtonite-grunerite imvolve replacing
one cation for another in a crystal structure without significantly altering the
structure. There may be a gradation in the structure in some series, and minor
changes in physical characteristics may occur with elemental substitution. Usually
a series involves two named compositional end members with intermediate substitu-
tional compounds being separately named (if the members were recognized by early
mineralogists), given a varietal name (for similar reasons), or just qualified by
being referred to as members of the series. Members of the tremolite-actinmolite-
ferroactinolite series are hydroxylated calcium-magnesium, magnesium-iron, and iron
silicates, respectively. Their series is pamed in table 1 for two of its meémbers,
and when its composition is known, it should-be called by the specific name, such as

9Clifton, R, A. Asbestos. BuMines MCP-6, in preparation, 1977.
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Macrophotographs of serpentine (top,
X 1) and chrysotile (bottom, X 3).
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FIGURE 3: - Macrophotographs (X 3)of tremolite (top) and
tremolite asbestos (bottom).
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Macrophotographs (X 3) of anthophyllite (top) and

onthophy!lite asbestos (bottom):
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tremolite.

ratio (in parentheses) of F;f;—ﬁg

e d el ol ad

Aacraling. sl . -n.—--“_.u-

Fe

The following uomenclaturg for this series (7) is based on the mole
in the formula Ca,(Mg,Fe)5S1,0;5(0H);:

tremolite

(0 to 0.2), actinolite (0.2 to 0.8), and ferroactinolite (0.8 to 1.0).

and cleavage fragments related to asbestos identification-characterization.
terms to be defined are outlined in the following list:

Definitions

Many mineralogical definitions apply to the entire mineral field, but the defi-
nitions in this report are restricted to those necessary to characterize the fibers

Mineral terms:
Mineral
Mineral groups
Mineral series
Mineral varieties

Asbestos-related terms:
Asbestos
Fibrous
Mineral fiber
Fibril
Fibril structure
Asbestiform

Crystal terms:
Crystal structure
Crystalline
Crystal
Single crystal
Twinned crystal
Polycrystalline
Polymorphs
Polytypes
Crystal form
Crystal morphology:

Single crystals:
Equant
Prismatic
Acicular
Fiber
Fibril
Filiform
Bladed
Platy
Lamellar

Crystal aggregates:
Asbestiform
Columnar
Fibrous
Lamellar
Massive
Radiating
Reticulated

The

Breaking of minerals:

Cleavage:

Types:
Pinacoidal
Prismatic
Rhombohedral
Cubic
Octahedral

Quality:
Perfect
Good
Fair
Imperfect

Cleavage fragment

Fracture: Types:

Even

Uneven

Splintery

Conchoidal

Hackly

Parting

(S
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Mineral Terms

Mineral. --A homogeneous, naturally occurring, usually inorganic and crys-
talline substance. Minerals with distinct crystal structure types (including
lack of crystal structure) and limited variation in chemical composition are

given individual names.

The early concept of a mineral as a natural-history species was gradually
abandoned and changed into a chemical and structural definition around the
middle of the 19th century, long before crystal structures were understood.
The term '"species" persisted for a long time with this newer definition, but

is now seldom used in mineralogy.

Mineral Group.--Minerals that have essentially the same (or comparable)
structures, but have different cations in secondary structural position (for

example, pyrites, feldspars, and amphiboles).

In silicates, most of the mineral groups have the same linkage patterns
of the silica tetrahedra, like the characteristic double chains of amphiboles.
However, the secondary atomic sites may be occupied by a relatively wide vari-
ety of cations or some may even be vacant in the actual structures of the mem-
bers. In some silicate-mineral groups, the identity of the silica-tetrahedral
frame is less restricted and may be limited to the similarities of some basic
characteristics. For example, the silica-tetrahedral frames of the zeolite
minerals are variable, but they are all characterized by large open channels.

All mineral groups have names. In some instances, this name is the uni-
versal name of a common or important member of the group (for example, ser-
pentine group).

Mineral Series.--Two or more members of a mineral group im which the
cations in secondary structural position are similar in properties and can be
present in variable, although frequently limited, ratios (for example,
cummingtonite-grunerite). Also known as an isomorphic series.

Some mineral series such as the plagioclases have unique names, but most
are identified by the combined names of the end-member minerals, such as
tremolite-actinolite. The current trend is to simplify long series names by
using the mineral name of only one (end or intermediate) member.

Individual minerals in the series are either identified by the names
given to compositional ranges (for example, bytownite or oligoclase in the
plagioclases), or by the name of the series followed by a symbol expressing
the mineral's position in the series or the ratios of the variable cations-
(Ab,vAn ,, 9 for plagioclases, where Ab and An designate the two end members,
albite and anorthite).

Mineral Variety.--Minerals that are conspicuously different from those
considered normal or common in crystallization habits, polytypes, and other
structural variants, or other physical properties such as color. Varfeties
are named by mineralogists, miners, gemologists, manufacturers of industrial
products, and mineral collectors.
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Although mineral
names are controlled
by national and inter-
national mineralogical
organizations, variety
names are not. In
practice, any variety
name that becomes suf-
ficiently popular is
eventually recognized
by these organizations
as distinct enough to
be used as a mineral-
variety name. Typical
of these are the vari-
ous varieties of
gypsum shown in fig-
ure 8. Figures 2
through 7 illustrate
the massive and
asbestiform varieties
of serpentine and

FIGURE 8. - Four varieties of gypsum: (A) Selenite; (B) satin  amphiboles.
spar, fine fibrous; (C) satin spar, coarse fibrous; Asbestos-Related
and (D) olabaster. Terms

In the following
discussion, asbestiform refers only to asbestos. The other terms, "fibrous,"
"mineral fiber,' "fibril," and "fibril structure,' apply to both asbestiform
and nonasbestiform varieties.

Asbestos.--(1) A collective mineralogical term encompassing the asbesti-
form varieties of various minerals; (2) an industrial product obtained by min-
ing and processing primarily asbestiform minerals.

The quality of asbestos depends on the mineralogy of the asbestiform
variety, the degree of asbestiform development of the fibers, the ratio of
asbestiform fibers to acicular crystals or other impurities, and the length
and flexibility of the fibers. The major asbestiform varieties of minerals
used for asbestos are chrysotile, tremolite-actinolite asbestos, cummingtonite-
grunerite asbestos, anthophyllite asbestos, and crocidolite. Asbestos may be
marketed by its mineral name such as anthophyllite asbestos, its variety name
such as chrysotile or crocidolite, or s trade name such as Amosite or
Montasite. Two types of commercial asbestos are shown in figures 9 and 10.

The term "asbestos' was first introduced by Plinius Secundus in 77 A.D.
The term "amiant' was previously used for the same mineral by Dioscorides in
50 A.D., and this term was the more common one until the middle of the 17th
century. After that until the 20th century, "asbestos' was more common, and
"amiant" was reserved for the more silky and flexible asbestos. In the 18th
century, asbestos was classified into five different species. Currently, all
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ooy “i% asbestos 1is recognized
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NN < TR R ;! as varieties of sev-

eral individual miner-
als. Thus, in
mineralogy, 'asbestos"
became a collective
term, somewhat like
"clays" or |vzgms_|c
During the 20th cen-
tury, asbestos devel-
oped into an important
industrial material.
Some asbestos products
contain nonasbestiform
minerals (for example,
asbestos-cement and
asbestos-magnesia);
consequently, the
mineralogical and the
industrial definitions
of asbestos do not
always coincide.

Fibrous.--The
occurrence of a min-
eral in bundles of
fibers, resembling
organic fibers in tex-
ture, from which the
fibers can usually be
separated (for
example, satin-spar
and chrysotile).

The term "fibrous”
has been used during
the last 200 years to
describe all kinds of

» / minerals that crystal-
/- lized in habits
St el N e resembling organic
¥ o S0 SRR = fibers, including

. asbestos minerals.
FIGURE 10. However, the related
term "asbestiform" was never used for fibrous mineral habits other than
asbestos. Accordingly, "fibrous' is the more general term, and asbestiform is
a specific type of fibrosity. Figures 11, 12, and 13 show various types of
fibrous mineral habits. Examples of fibrous minerals, both silicates, and non-
silicates, that are not classified as asbestiform are shown in figure 13.

- Macrophotograph of anthophyllite asbestos (X 3).
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FIGURE 11, - Macrophotographs (X 3) of two fibrous amphiboles
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Mineral Fiber.--The
. smallest elongated crys-
, . talline unit that can be
: . . separated from a bundle
: or appears to have grown
individually in that

]

) =  shape, and that exhibits
-2 _ ®..--.z a resemblance to organic
: — == - ..5 fibers. (Examples:
R — - »"-.:;"f":~ i1+ .2 T 7.7 fiber bundles, chryso-
. L T . tile and crocidolite;

’ ’ . . individual fibers,
:  epsomite and millerite.)

The term "fiber" is
not limited to asbestos.
However, it is distinct
from "acicular” because
it requires the resem-
blance to organic fibers.
FIGURE 12, - Photomicrogroph illustrating the separation of  Figures 14 and 15 1{llus-
a crocidolite fiber bundle into fibers (X 600). trate mineral fiber
habits. Excellent
photomicrographs of
organic fibers are illustrated in The Particle Atlas (18).

Fibril.--A single fiber, which cannot be separated into smaller compo-~
nents without losing its fibrous properties or appearances.

Most fibers are single structural entities, such as millerite and nickel
sulfide, and some may be called fibrils. However, some fibers are composed of
two or more fibrils that are less readily separable from each other than
fibers are from bundles (for example, chrysotile and crocidolite). Figure 16
shows the high magnification necessary to resolve a fibril.

Fibril Structure.--A systematically deformed and/or defective crystal
structure of a fibril. A defect structure would involve various types of dis-
location. The fibril structure may be exhibited by a single crystal, a group
of single crystals, or a twinned single crystal.
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The scroll-like
fibril structure of
chrysotile (38), the
twinned single-crystal
fibrils of chrysotile
(6), and the incompletely
resolved fibril structure
of an amphibole (3) are
all examples illustrated
in the literature.

Some acicular single
crystals may have the
appearance of fibers and
fibrils, yet there is f’
nothing unusual about
their crystal structures. .
Other acicular single '
crystals may have signif-
icant structural devia- ]

.= tions in addition to
. . . appearance that result in
FIGURE 14, - Light optical photomicrogroph of fibers from the display of certain
tremolite asbestos (X 115). A few particles  properties usually found
are seen to be bundles of fibers. in fibers such as high
tensile strength along
the fiber axis. Thus, fibril
structure is not limited to
asbestiform structures, but may
occur in a minor form in non-
asbestiform structures.

N sty - Bt - -

Asbestiform.~--A specific
type of mineral fibrosity in
which the fibers and fibrils
possess high tensile strength '
and flexibility. {

_ - 5-;{ T o "Asbestiform'" and "asbestos" i
- .-\.:_\‘l;'\j;‘ =. 7= are essentially synonymous in
el Tz a2 WE~= 2 current usage. Some special
properties of asbestiform vari-
FIGURE 15, - Fibers of epsomite (magnesium eties, including optical extinc-
sulfate hydrate) (X 13), tion and surface charge, are
either not fully understood or .
are not uniformly applicable to
all asbestiform fibers; consequently, they cannot be considered fundamental
characteristics at this time. The prototype of the expression "asbestiform"
was introduced by Wermer in 1774. He recognized three subspecies of actino-
lite and of tremolite. One of these subspecies had the prefix "asbestartiger."

Thus, the restriction of "asbestiform" to certain mineral varieties appears to
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FIGURE 16, - Chrysotile, showing individual

fibrils, ot two magnificotions:

X 18,000 (top) and X 35,000

(bottom). The  hollow-tube

structure is visible at the higher

_ mognification, (TEM micro-
photographs.)
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e e e e e e e be justified on a
historical as well as
physical basis. Fig-
ures 17 to 20 show
several asbestiform

varieties of minerals.
Crystal Terms

Crystal Struc-
ture.--The pattern of
the regular arrange-
ment of atoms and ifons
in space. Usually
refers to the basic
(or average) structure
of solids (and the
ordered portions of
liquids) without ref-
erence to minor, local-
ized deviations.

(X 300). Crystalline.--A

substance possessing a
reasonably well devel-
oped and long-range
ordered crystal
structure.

s

Crystal.--(1) Any
single crystal; {(2) a
single crystal termi-
nated by planar or
nearly planar surfaces
called crystal faces.
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Single Crystal.--
A crystal containing

an uninterrrupted
crystal structure in a
single orientation.

e "y \\\K Twinned Crystal
- i ight (X 100). :"
rized light (X 100) A crystal composed of
two or more single crystals where adjacent crystals share a plane that is an
integral part of both orientations of the crystal structure.

Polycrystalline.--A substance composed of two or more single crystals.

Polymorphs.--TIwo crystals with identical chemical composition but dif-
ferent crystal structures.

MTC 001275
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P L ST e ot e e g s Polytypes.--Polymorphs that
: ’ : ) contain essentially identical
structural components, like
= . . layers, which are arranged in
various patterns, like stacking
of layers.

q—

Crystal Form.--A set of sym-
metrically equivalent faces in a
single crystal, A crystal may
display several crystal forms.

. .

Crystal Habit.--The actual
shape assumed by a crystal or
group of crystals as a result of
the growth of dominant crystal
forms (faces). Also known as
crystal morphology.

ey o
.

PO

AR

FIGURE 19. - Chrysotile (X 300). Single crystals exhibit

growth shapes, while crystal aggregates exhibit growth patterns or arrange-
ments (fig. 21). Some habits imply minor deviation of the crystal structure
(deformation of the structure, presence of defects, inclusiomns, or impurities).
Most habits are limited to the appearance of single crystals (crystal forms,
irregular terminations, dimensional development, texture) or the pattern of
aggregation of single crystals (dimension, orientation of the crystals, and
cohesion between them). Under the following heading of '"Single Crystals,' the
growth shapes are arranged first as equant, followed by other shapes that can
be thought of as being derived from equant by suppressing or extending ome or
two of the three space dimensions, thus conveying the gradational nature of
various defined crystal shapes.

Crystal Aggregate.--A cohe-
sive mass of individual crystals
or grainms.

Single Crystals

Equant.--The shape of a single crystal or grain with three approximately
equal space dimensioms.

,‘..
T .
yib bl

SRR

MTC 001276  pueerm



23

960 (top)

ions: X1,

icat

ifi

ile at two mogn
800 (bottom)

Chrysot

FIGURE 20. -

’

and X 2

[—

MTC 001277



: 2
k . S Bl i &
24

. SINGLE-CRYSTAL " CRYSTAL-AGGREGATE
SHAPES PATTERNS OR ARRANGEMENTS

@ Fquant %\ Asbestiform
N A S

\ / .é Acicular

See "Asbestiform" Fibrous
/ / / Fiber above,
N =™ = v

%% Bladed -
& £ Py |

@ Lamellar Reticulated
< .

FIGURE 21. - Various shopes of single crystals, ond patterns or arrangements of
crystal aggregates.
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FIGURE 22, - Macrophotograph of spodumene (LiAlSi,Of)

showing prismatic shape (X 1),

FIGURE 23. - Macrophotograph of tremolite showing
prismatic ond acicular crystal shapes

(X 10).

25

Prismatic.--The
shape of a single
crystal with one
elongated dimension
and two shorter,
approximately equal,
dimensions.

Prismatic shapes
of various single
crystals are shown in
figures 22 to 25.

Acicular.--The
shape shown by an
extremely slender
crystal with small
cross-sectional dimen-
sions (a special case
of prismatic form).
Acicular crystals may
be blunt-ended or
pointed. The term
"needlelike" refers to
an acicular crystal
with pointed termina-
tion at one or both ends.

Figures 23 and 26 show
acicular crystals or crystal
shapes.

~ Fiber.--See definition
under "Asbestos-Related Terms."

Fibril.--See definition
under '"Asbestos-Related Terms."

Filiform.--The shape of
threadlike mineral fibers.

Bladed.--The bladelike
shape of a crystal with one
longer dimension and two
unequal, much shorter,
dimensions.
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FIGURE 24. - Riebeckite, showing prismatic
shope (SEM photomicrograph i
at X 800),

FIGURE 25. - Actinolite, showing prismatic shape (SEM photo-
microgroph at X 20,000).
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FIGURE 26. - Tremolite cleavage fragments
(X 130), showing ocicular (A),
fibrous (F), and prismatic (P)
shapes.,

Crystal Aggregates
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Figure 25 shows the bladed
prismatic habit of actinolite.

Platy.--The shape of a crys-
tal with one short dimension and
two -longer, approximately equal,
dimensions. Chlorite, micas, and
talc usually crystallize into
platy shapes.

The serpentines, although
possessing layered structure simi-
lar to micas and talc, rarely grow
in platy shapes. Talc is of
interest here because some talc
deposits have associated asbesti-
form and nonasbestiform minerals.
Platy talc, when seen {n thin
sections or as fragments im oil,

-may occur in various orientations.

Plates lying flat look like plates
but, i{f standing on edge, could
appear fibrous.

Lamellar.--The shape of a
very thin platy crystal.

Asbestiform.--See definition under '"Asbestos-Related Terms."

Columnar.--The arrangement of a group of approximately parallel, pris-

matic, acicular, or bladed crystals.

Figure 27 shows columnar aggregates of coarse anthophyllite.

Fibrous.--See definition under "Asbestos-Related Terms."
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Lamellar.--The pattern exhib-
ited by aggregates of very thin
platy minerals.

Massive.--Homogeneous struc-
ture without stratification, flow-
banding, foliation, or schistosity.
Also, crystals or crystalline
grains that are tightly packed and
scarcely distinguishable.

Figure 2 (top) is a good
example of massive serpentine.

Radiating.--An arrangement of
prismatic, acicular, or bladed
crystals that appear to be diverg-
ing from a common center.

Figure 28 shows radiating
aggregates of pyrophyllite.

FIGURE 27. - Macrophotogroph of columnor ag- Reticulated.--The pattern of
gregates of coarse anthophyllite a crisscross network of acicular,
(X 1) prismatic, or bladed crystals.

Breaking of Minerals

When a mineral crystal or grain is strained beyond its elastic and
plastic limit, it will break in one of several characteristic modes described

as cleavage, fracture, or parting.

Cleavage.--The tendency of a crystal to break in definite directions that
are related to the crystal structure and are always parallel to possible crys-

tal faces.

Cleavage Types

Pinacoidal.CIeavagg.--A crystal with only one cleavage plane that yields
platy or lamellar fragments (for example, talc and the mica minerals). Also
called platy, basal, or lamellar cleavage.

':'. Prismatic Cleavage.--A crystal with two distinct cleavage planés that
. yield prismatic fragments (for example, the amphiboles and pyroxenes).
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Rhombohedral
Cleavage.--A hexagonal
crystal with three dis-
tinct cleavage planes
that yield rhombohedral
fragments (such as
caleite).

Figure 29 shows
the excellent rhombo-
hedral cleavage of
calcite.

Cubic Cleavage.--
An isometric crystal
with three distinct
cleavage planes that
yield cubic fragments
(for example, halite).

rn

Octrahedral
Cleavage.--An isometric
FIGURE 28. - Mocrophotogroph of radiating aggregates of crystal with four dis-
acicular pyrophyllite (X 1), tinct cleavage planes

that yield octahedral

cleavage fragments (for
example, magnetite and
fluorite).

Cleavage Quality

The quality or
persistence of a
cleavage is described
as follows:

Perfect.--Diffi-
cult to break in any
other direction;
cleavage surfaces are
extensive and smooth.

The cleavage of
calcite in figure 29
is perfect.

. E— = : : - Good . --Breaks
FIGURE 29, - Mocrophotograph of calcite rhombohedral cleavage ~ Teadily along ome
frogments (X 1.7). direction, but can be
broken in other direc-
tions; cleavage

T———— r—— MTC 001283
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FIGURE 30. - Mocrophotograph of pyroxene showing éood cleav-
age interrupted by uneven fracture (X 1).

FIGURE 31, - Tremolite, showing good prismatic cleavage
(SEM photomicrograoph ot X 560).

surfaces are smooth but
interrupted by other
fractures.

Figures 30 and 31
show good cleavage of
pyroxene and tremolite.

Fair.--Breaks most
readily along cleavage
but also fractures
easily in other direc-
tions; cleavage sur-
faces are seldom large.

Imperfect. --Breaks
about as easily by

fracture as by cleavage;
cleavage surfaces tend
to be small and fre-
quently interrupted.

Cleavage Fragment

Cleavage Frag-
ment.--A fragment pro-

duced by the breaking
of crystals in direc-
tions that are related
to the crystal struc-
ture and are always
parallel to possible
crystal faces.

Minerals with per-
fect cleavage can pro-
duce perfect regular
fragments. Amphiboles
with prismatic cleavage
will produce prismatic
fragments (fig. 31).
These fragments can be
elongated and on Super-
ficial observation may
resemble fibers
(figs. 26 and 32).
However, because they
did not grow as fibers,
they cannot have the
characteristics of
fibers. Consequently,
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not be called fibers.
COE Minerals do not always
' "} break into the same
* shapes as their growth
habits. For example,
calcite has many growth
habits, but usually
breaks into rhombohe-
dral cleavage fragments
(fig. 29).
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Fracture. --The
tendency of a crystal
or grain to break in an
irregular manner appar-
ently unrelated to
crystallographic
directions.

Fracture types are
as follows:

- = e Carma. et adbew Ol

FIGURE 32, - Cleovoge fragments of riebeckite (X 500), Particle

F has a fibrous appearance. Even. --Breaking
along relatively smooth
planes.

Uneven.--Breaking along irregular planes.
Splintery.--Breaking into irregular, elongated fragments.
Conchoidal.--Breaking along spherical or conical surfaces.
Hackly.--Breaking with a jagged irregular surface.

Parting.--The tendency of a crystal or grain to break alomg crystallo-
graphic planes weakened by inclusions or structural defects. Different speci-
mens of the same mineral may or may not exhibit parting. Twinned crystals
often part along composition planes, which are lattice planes and, therefore,
potential crystal faces. Parting is similar to cleavage.

MINERAL IDENTIFICATION AND CHARACTERIZATION

Until recently, emphasis in the United States was placed on occupational
exposure of employees manufacturing or using asbestos products for insulation
and other applications (29, 33). Regulatory procedures were adopted from
those used in Great Britain. The industrial-hygiene identification procedures
were acceptable to industry, health, and regulatory organizations because the
concern was restricted to several mineral products known collectively as
asbestos. Although light optical microscopic procedures counted only the
larger particles collected on the air filters, the procedure was adequate for
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correlating health effects to the number of fibers observed. Exact defini-
tions for asbestos-related mineralogical terms were not essentfal since all

three groups (industry, health, and regulatory) clearly understood what was
being counted and regulated.

The 1light optical microscopic procedures used by industrial hygienists
were designed for control of asbestos-processing operations in which the
chrysotile and asbestiform amphiboles are present as bundles of fibers as well
as individual fibers (15). These bundles may have an average diameter of 0.75
to 1.5 um for chrysotile and 1.5 to 4.0 um for the amphibole asbestos (3).
Particulates of these sizes can be readily observed at a magnification of
X 450 to X 500. In contrast, samples from ambient air and personnel air moni-
tors may consist of individual fibrils or small bundles of chrysotile 0.02 to
0.1 um in diameter, and/or amphiboles 0.1 to 0.2 um in diameter (3). Fibrils
and small fibers in this size range are not visible using the conventional
light optical microscopic procedures (13, 34). Therefore, the identification
procedures currently used for regulating the U.S. mineral producing and con-
suming industries must be reexamined to insure that they are both mineralogi-
cally correct and applicable to the size range of the particles being
regulated.

This discussion will be limited to the selected silicate minerals and
their asbestiform varieties listed in table 1. The objective i{s to point out
the particle size at which the minerals can be identified and characterized by
various analytical techniques (17). Detailed descriptions of the various ana-
lytical and characterization techniques are available in numerous publications
and textbooks and are therefore not included in this report.

A crystalline mineral is defined primarily by its crystal structure and
by its definite composition or range of compositions. Therefore, any system
of mineral identification should be based principally on crystal structure and
chemical criteria. Additional characteristics have to be determined to dis-
tinguish varieties. These varieties have similar basic crystal structures and
composition, but are usually differentiated macroscopically by the character-
istic habits and/or other specific features of the varieties. The objective
for this section of the report is to summarize the methodology for identifying
the mineral first by mineral group (such as serpentine and amphibole), then by
mineral (actinolite, anthophyllite, or chrysotile), and finally by mineral
variety.

Macroscopic Samples

At the macroscopic level (easily visible by the unaided eye), the obvious
feature of the asbestiform varieties 1is the presence of fibers that can be
easily separated, while the nonasbestiform varieties have a massive, blocky,
bladed, or columnar appearance (figs. 2-7). Although chrysotile does occur
very rarely in a nonasbestiform habit, in general the distinction between
chrysotile and serpentine can be based on the presence or absence of separable
fibers. In some serpentine samples where an obvious asbestos texture is not
displayed, the distinction between serpentine varieties may require more
specialized techniques (6, 19). The distinction between serpentine and
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amphibole minerals at the macroscopic level can be made by optical microscopy,
elemental analysis, differential thermal analysis, and X-ray diffraction tech-
niques. For essentially pure samples, these techniques should also be suffi-
cient to identify the individual amphibole minerals based on the elemental

composition corresponding to the various members of the solid solution series.

Many macroscopic samples of interest to the occupational and environ-
mental health personnel may contain low percentages of asbestiform minerals
- (for example, chrysotile in serpentine and tremolite asbestos in talc). As a
supplement to optical microscopy, the presence or absence of serpentine or
amphibole minerals can be determined in 10- to 100-mg samples by fnstrumental
techniques such as X-ray diffraction, differential thermal analysis, or infra-
red spectrophotometry. In general, the sensitivity of these {nstrumental
methods is approximately 1.0 weight-percent. Sensitivity is significantly
affected by the presence of other minerals that give a response at or near the
response peak of the serpentine and amphibole minerals. It is importamt to
note that these methods usually only distinguish between mineral groups; light
optical or electron optical microscopy is required to obtain morphological
characteristics necessary to identify varieties of the same material.

Chemical characterization i{s generally necessary to assign a specific
mineral name to an amphibole whose structure is known. The amphiboles have
been described (8) using the structural formula W, X, iz 0,5 (OH,0,F),. Gen-
erally, W = Na, K; X = Na, Ca, Mg, Fe*? , Mun; Y = Al, Fe*®, Ti; and 2 = Si, Al.
In addition to the variation implied by the structural formula, a chemical
analysis must take into account inclusions of other minerals that may be
present. In contrast to the more formidable task of amphibole chemical char-
acterization, the serpentine minerals generally show little deviation from the
formula Mg,S1;05 (OH),. For either structural or chemical characterization of
a macroscopic sample, sufficient time must be spent in sample preparation to
insure that relatively pure minerals are being examined.

Microscopic Samples

The petrographic microscope provides a general method by which particles
larger than 5 um can be characterized. By observing the optical properties
characteristic of the structure and chemistry of a mineral, an experienced
microscopist can distinguish amphiboles from serpentines and, in some cases,
distinguish individual minerals within these groups (7). The refractive
indices are sufficiently different for the serpentine and amphibole groups to
make a distinction between groups by using the appropriate index oil (table 2).
There is significant overlap in the range of the three refractive indices
among the amphiboles, but a specific index (for example, @, 8, or y) can be
determined to aid in {dentifying the amphibole species. Optical relationships
can be confused, however, if the particle consists of fiber bundles or is some
other form of crystalline aggregate. The well-known parallel extinction of
the commercial asbestos known as Amosite can be used to distinguish that vari-
ety from the nonasbestiform varieties of cummingtonite and actinolite, A
method of using extinction angles and cleavage directions to distinguish spe-
cific asbestiform and nonasbestiform amphiboles has been described (37); how-
ever, this technique is limited to particles with diameters greater than about

MTC 001287




e

SR

;;,;g;,tzz!::ﬂ:fgm:mnammwmmm

¥

34

5 um and cannot be universally applied to all amphiboles. There are many
other optical parameters such as pleochroism, sign of the elongation, and
color that are easy to obtain. Other parameters such as optic axial angle,
optical orientation, and optic sign are relatively more difficult to obtain.

TABLE 2. - Refractive indices for the serpentine group
and selected amphibole minerals

Refractive | Range of values
index

1.493-1.560
1.504-1.550
1.517'10562

chrysotile.l.........I.'ll'......‘.l'.

< wR

1.538-1.564
1.546-1.573

Antigorite-lizardite......cvcececnvess

<R

1.596-1.652
1.605-1.662
1.615-1.676

Anthophyllite.....ccceienarevacconnnss

< R

1.599-1.668
1.612-1.680
1.622-1.688

Actinolite-tremolite....cccvvcecerenes

< wmR

1.635-1.696
1.644-1.709
1.655-1.729

Cummingtonite-grunerite......cc.u.euse

< WR

1 . 654-1 . 701
1.662-1.711
1.668-1.717

Riebeckite. o ccoeeicenarosscccsncnanesna

< ™ R

Except for the asbestiform variety, serpentines are usually massive,
while amphiboles range from fine-grained massive to columnar or radiating
aggregates of prismatic or acicular crystals. Amphiboles in acicular habit
may appear to grade into the asbestiform varieties. The characteristic fea-
tures of this habit may still be seen by electron microscopy. Terms such as
"acicular" or "prismatic' may still be applied when seen, but the term
"asbestiform” begins to lose its usefulness. For example, how may flexibility
be demonstrated in a 2-um bundle of fibers? As particle size decreases, the
inability to manipulate the mineral grains restricts the use of the term
"asbestiform" without altering the original sense of the word. High magnifi-
cation necessitates the use of strictly dimensional terms such as size and
aspect ratios to accurately describe the morphology of the amphiboles and
serpentines. The degree of morphologic characterization possibly will depend
on the magnification being used. An asbestos particle being described as a
single fiber at low magnification may be seen to be a bundle of fibers at some
high magnification. Therefore, the magnification must be stated in the
description. Morphologic characterization using light microscopy can be
accomplished on particles as small as a few micrometers. Electron optics can
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be used to characterize a wide range of sizes extending down to a few ang-
stroms. Morphologic characterization alone will not identify a mineral
without supplemental structural or chemical data.

Structural information on individual particulates can be obtained by use
of a transmission electron microscope (TEM) Iin the selective area electron
diffraction mode (SAED). The inclination of the single crystal fragments to
the electron beam is very critical since a slight tilt of the crystal may
change a relatively simple reciprocal lattice pattern into a very complex one.
Consequently, a special goniometer or tilting stage is necessary to obtain
easily interpretable diffraction patterns. For the identification of the min-
eral, a goniometer or tilting stage is even more essential since dependable
conclusions cannot be made from measurements on one reciprocal lattice plane.
The quality of the SAED pattern is a function of fiber diameter (fig. 33).

The larger diameter fibers (>0.5 um) strongly absorb the 60- to 100-kev elec-
trons used in aconventional TEM, while the very small-diameter fibers (<0.2
um) do not give sufficient electron-diffraction intensity. A second problem
with small-diameter fibers is the degradation of the single-crystal pattern by
diffraction lines from nearby particles. A higher energy TEM, with the
resultant greater penetration of the electron beam, can be utilized for large-
diameter particles. However, these costly instruments are not widely
available.

Although the magnitude of the characteristic C, the distance between the
conspicuous layer lines for chrysotile and the amphiboles, is similar in
direct space (d,,, ~ 5.3A), the chrysotile pattern has very prominent streaks
on these layer lines compared with the spot pattern for the amphiboles (27).
Researchers indicate the ability to distinguish between the fibrous and non-
fibrous variety of
amphiboles by SAED is
still to be resolved.

8

At the very high
magnification available
with a TEM, chryso-
tile's hollow-tube
(scroll-like) structure,
approximately 50 A in
diameter, is visible
(fig. 16). This hollow-
tube structure,
together with chemical
} 1 1 1 and structural data
03 04 05 0.6 0.7 08 regarding the sample,

FIBER DIAMETER, um is sufficient to
identify the mineral
FIGURE 33, - Quality of SAED pattern as a function of amphi-  variety. However, the

bole tiber diameter, The values indicated on the graph are the ;xollov{-tu:etgirmfnure
number of fibers examined at each diameter, (Reprinted with § only vislh'e *or
individual fibrils;

permission of D, R, Beaman and D. M. File from Analytical
Chemistry (2). Copyright by the American Chemical Society.)
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several fibrils) will
not display this char-
acteristic because of
stacking of the
fibrils.

The elemental com-
position of micro-
scopic grains is
determined by either
wavelength or energy-
dispersive X-ray
spectrography in con-
junction with scan-
ning or transmission
electron microscopy.
Extreme care must be
taken in the calcu-
lation of elemental
concentrations from
X-ray spectral
intensities because
the spectral line

intensities (FeKay,
MgKx, CaKy, relative
to SiKa) are depen-
dent on particle
diameter for small
fibers (2). The
particle diameter becomes a significant variable in the spectral intensity-
composition relationship below 0.2 um (fig. 34). Carbon contamination from
diffusion pump oils must also be considered when analyzing small particles
because the longer measuring times required to count sufficient numbers of
X-ray photons allows time to build up a contamination layer. This carbon
layer preferentially absorbs the lower energy X-ray photons.

FIGURE 34. - Intensity ratio of FeKa, MgKa, or CaKa relative to
SiKa os afunction of fiber diameter, (Reprinted with permission
of D. R, Beaman and D. M. File from Analytical Chemistry (2).
Copyright by the American Chemical Society.)

Energy-dispersive X-ray spectral calibration data for each scanning or
transmission electron microscope must be made using relatively pure standard
minerals analyzed by accepted chemical-instrumental techniques. The analyst
should be aware that other nearby grains may be contributing to the character-
istic X-ray lines because of either penetration of the electron beam through
the particles or secondary excitation of nearby particles from primary X-rays
generated in the particle being measured. Modern electron optical instruments
have electron beams diameters of approximately 0.1 um; however, the sphere of
excitation can be several micrometers in diameter as a result of scattered
electrons and primary X-rays generated in this particle (26). Conversion of
intensity into concentration using accepted computer programs such as "MAGIC"
is limited in accuracy because these programs are designed for use with grains
or particles several micrometers in diameter or larger, whereas the average
mineral fiber diameter is less than 0.5 um for amphiboles and less than 0.1 um
for chrysotile.- A good example is the diameter size distribution of
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chrysotile fibers in ambient air samples (table 3). The important point to
note is that approximately 95 percent of these chrysotile fibers are 0.12 um
or less in diameter. Therefore, quantitative correction procedures applicable
to large particles will be of limited value in mineral-fiber identification
because the relative X-ray spectral intensities are dependent on fiber diam-
eter below 0.2 um.

TAﬁLE 3. - Frequency distribution of the width
of chrysotile fibers in ambient-air
samples,! percent

Diameter of chrysotile Sample

fibers, um 1} 2| 3§ 41 51 6
0.02<0.04 10{701}157 |17 {15117
.04- <,06 47 126 28|29 |33]49
.06- <.08 241 51 82812015
.08- <,10 14 11 2112|126} 6
.10- <.12 21 0} 1} 7] 3} 6
12- <. 14 oj o} 2 3|1 1} 1
.14- <.16 11 0] 1} 2] 1} 1
.16- <.18 ojol1 o0} 1] o0} 1
.18~ <.20 0jojojJo]1}]1
.20~ <.22 11 010] O0]J]O} 1
.22- .24 0{of 1y 0] 0] 1
>.24 1] 0j 0} 1]0} 1

lSamples were collected 1-2 miles from a ser-
pentine rock quarry.

wor 1 9 Another problem with
the elemental characteriza-
tion of very small particles
is the poor signal-to-
background ratio. Longer
counting times will help to
improve the reliability of
the measurement, but the
best approach is to minimize
the continuum background
resulting from the interac-
tion of the electron beam
and the same substrate.
Figures 35 and 36 show the
energy-dispersive X-ray
spectra from chrysotile
fibers mounted on beryllium
ENERGY —= oxide (Be0) and beryllium

. . (Be) substrates, respec-
FIGURE 35. - Energy-dispersive X-ray spectra of chryso- tively. The lov,wer egfective

tile as a function of fiber diameter, BeQ o -io niher of Be compared

substrate (21). with that of BeO results ina
- reduced continuum, therefore

1.0 p=, 15 sec

INTENSITY (COUNTS) —
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g 0Sum, 25 sec
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ssor Sl ssor giving an improved signal-
. to-background ratio.
APPLYING MINERAL TERMINOLOGY
TO THE IDENTIFICATION AND
Mg CHARACTERIZATION OF
PARTICULATES

A bt A This section addresses
the practical considerations
and limitations encountered
when applying nomenclature
and identification-
characterization procedures
to regulatory and environ-
mental samples.

LOum, IS5 sec 0.2 em, 50 sec

(COUNTS) ——.-
)
)

:
g

Mg aSpm, 25sec O.fum, 200 sec

INTENSITY

Applying Morphological
Terminology

: . One of the obvious fea-
FIGURE 36. - Energy-dispersive X-ray spectra of chryso- tures of minerals and their
tile as o function of fiber diameter, Be sub- particulates is their mor-
strate (21). phology or shape. The need
_ for precise definitions of
terms such as "asbestiform,”
"fiber," '"cleavage fragment," and "fibril" was explained earlier. These defi-
nitions were carefully structured to eliminate ambiguity and to be technically
correct. Applying the definitions to samples requires careful thought as to
what limits must be placed on interpretations resulting from the use of these
terms and other mineralogical concepts. The underlying problem, recognized by
both medical and regulatory personmel, is classifying the mineral particle as
the asbestiform or nonasbestiform variety. The classification should with-
stand the test of mineralogical logic and proof. 1In a mineralogical sense,
the source of the mineral particulates must be considered, as explained in the
following discussion.

ENERGY ~——d=

Particulates From a Known Asbestiform Serpentine
or Amphibole Source

The definition of asbestiform minerals includes three aspects: morphol-
OgY, Structure, and chemistry. Morphologically, asbestiform mineral varieties
separate into flexible fibers or flexible bundles of fibers. Flexible fibers
bend readily and only break across the fibers into distinct pieces with some
difficulty. Structurally, the asbestiform minerals are limited, in this
report and in common practice, to the serpentine and amphibole mineral groups.
Chemically, these minerals are all hydroxylated silicates; the term "hydroxy-
lated" is preferred over 'hydrated' because these minerals contain OH ionms
rather than water of crystallization. The serpentines contain approximately
13 weight-percent water; the amphiboles, approximately 2.5 weight-percent
water.

-
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For the purpose of this discussion, assume that a hand specimen meeting
these requirements is correctly identified as an asbestiform minmeral. If this
sample is crushed and its fragments examined at various magnifications, its
fibrous nature would be apparent, as in figures 14 and 17 to 19. These elon-
gated fragments would be termed "fibers' and 'bundles of fibers," and with the
other available information would be called asbestiform. As these asbestiform
particles are examined at increasing magnification, smaller particles become
visible, while the image of large fibers and fiber bundles may exceed the
field of the microscope. At increasingly smaller sizes, while fibers or
bundles of fibers are still the predominant shape, a few of the fibers are
observed to have broken into shorter and shorter segments. (Several short
fiber segments are visible in figures 14 and 16.) These very short fiber seg-
ments are no longer described as fibers, but would be classified as fragments
of fibers, or cleavage fragments if one or more cleavage planes govern their
shape. Therefore, a known asbestiform sample would show an increase in the
ratio of fiber fragments to fibers with a decrease in particle size.

Particulates From a Known Nonasbestiform Serpentine
or Amphibole Source

If the hand specimen discussed previously does not separate into flexible
fibers or bundles of fibers, the mineral would not be considered asbestiform.
However, the specimen would be classiffed as serpentine or amphibole if the
specific mineral is identified on the basis of optical properties, chemistry,
and structure.

If crushed fragments of this known nonasbestiform mineral are examined at
various magnifications, the particles would be primarily cleavage fragments,
or irregularly broken fragments if cleavage does not govern breakage. However,
a few elongated particles may resemble a fiber in appearance to the degree
that they may be indistinguishable morphologically from fibers derived from an
asbestiform mineral sample. Figures 26 and 32 for tremolite and riebeckite,
respectively, show cleavage fragments with fibrous shapes that could be incor-
rectly identified as fibers.

What can be stated morphologically about particles derived from crushing
a known nonasbestiform mineral is that most of the particles are cleavage
fragments with nonasbestiform texture; a few are fibrous in appearance, par-
ticularly at low magnification; and all of the particles are known to be
derived from a nonasbestiform source.

Comparison of Particulates From Known Serpentine and Amphibole
Minerals and Their Asbestiform Varieties

The appearance of particles generated by milling known serpentine and
amphibole minerals and their asbestiform varieties is showm in figures 37 to
40, The samples shown in figures 37 to 39 were photographed using light
optical microscopy at three magnifications to show that, at decreasing size
(depicted by increasing magnification), the original habit generally persists.
For the nonasbestiform amphibole minerals, there were a few elongated par-
ticles from the riebeckite and tremolite. Elongated particles of this type
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3 FIGURE 37, - Light optical photomicrogrophs of chrysotile and antigorite-lizardite ot
three magnifications. Chrysotile (left) ot 4, X 100; B, X 500; ond C,
4 X 950. Antigorite-lizardite (right) ot », X 100; E, X 500; ond F, X 950,
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FIGURE 38. - Light optical photomicrographs of crocidolite and riebeckite at three mognificc-
tions; Crocidolite (left) ot 4, X 100; B,.X 500; and C, X 950, Riebeckite (right)
at D, X 100; £, X 500; and F, X 950,
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FIGURE 39. - Light optical photomicrogrophs of tremolite asbestos and tremolite at three
magnifications. Tremolite asbestos (left) ot 4, X 100; B, X 500; ond C,
'X 950, Tremolite (right) ot D, X 100; E, X 500; and F, X 950,
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are typfcal of the prismatic cleavage of amphiboles. To increase optical con-
trast, the serpentine group samples were dispersed in an immersion oil consid-
erably below the refractive indices for the serpentine.

Riebeckite and crocidolite particles are compared at higher magnifica-
tions in figure 40. The outlined areas in the scanning electron micrographs
indicate the area displayed at the next higher magnification. Again, note the
presence of a few elongated cleavage fragments of riebeckite visible at the
higher magnification. 1In contrast, the aspect ratio of the crocidolite will
decrease with decreasing particle size because the individual fibers cannot
cleave further along the fiber axis; they can only break into shorter segments.

Aspect Ratio

Existing regulatory standards are based on counting specific mineral par-
ticulates with aspect ratios of 3 to 1 or greater. This report emphasizes
that the aspect ratio has little mineralogical significance for individual
particulates but is applicable to a large number of particles. A few rela-
tively long thin particles are produced as cleavage fragments from the crush-
ing and grinding of many nonasbestiform minerals. Conversely, similar milling
treatment will result in a few short segments of true fibers from the asbesti-
form varieties. However, statistically, the length-to-width characteristics
of the milled amphiboles and serpentine and their asbestiform varieties are
significantly distinct, as shown by the data in figures 41-44.

Figures 41, 42, and 43 show the frequency polygons of the aspect ratio
distribution for milled samples of the normal nonasbestiform variety of three
amphiboles--anthophyllite, tremolite, and hornblende, respectively. Note that
in all three examples, approximately 70 percent of the particles have an

e Tremolite
~— —Tremolite asbestos

FREQUENCY, percent

\\\;
N
\~
\'\
N N T J L " 1 Y n T
1:1 31 81 101 2009 5011 10018 lnm 500:¢ 11 31 51 10:1 20 50:1  100:1  200:%
ASPECT RATIO it ASPECTRATIO  ~u ===
FIGURE 41, - Frequency polygons for the FIGURE 42. - Frequency polygons for the
ospect rotios of onthophyllite ond aspect ratios of trenolite
onthophyllite asbestos. ond tremolite osbestos.
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FIGURE 43. - Frequency polygons for the aspect ratio of
hornblende,
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FIGURE 44. - Frequency polygons for the aspect ratios of
commercial-grade chrysotile and chrysotile
in-ambient air.
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aspect ratio of less than

3 to 1, and 95 percent of
the particles have a length-
to-width ratio of less than
10 to 1. The frequency dis-
tribution maximums of the
aspect ratios for milled
anthophylliite asbestos and
tremolite asbestos are sig-
nificantly higher than those
for the normal, nonasbesti-
form variety. Thirty to
forty percent of the asbesti-
form particulates are in the
10-to-1l-or-longer class,
with a significant number of
particles having an aspect
ratio greater than 20 to 1.

Figure 44 shows the
distribution frequencies for
a milled commercial grade of
chrysotile asbestos and for
chrysotile particulates col-
lected on ambient air fil-
ters in the vicinity of a
serpentine rock quarry. For
the commercial-grade chryso-
tile, over 50 percent of the
particles have an aspect
ratio greater tham 50 to 1,
whereas the frequency dis-
tribution for the ambient
air sample has a maximum
between 10 to 1 and 20 to 1.
These results are antici-
pated because the higher
aspect ratios for the
commercial -grade chrysotile
are characteristic of the
significantly longer start-
ing material.

All of the aforemen-
tioned samples except the
ambient air were milled,
then dispersed in water for
collection on a suitable
substrate. The samples were
then measured using electron
microscopy at magnifications
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: of 5,Q00 to 10,000. The ambient air sample, collected near a serpentine rock
i quarry, was measured using a TEM with magnifications of X 5,000 to X 32,000.

Based on these data, one test for distinguishing the presence or absence
of the asbestiform variety of a mineral could be an examination of the fre-
quency distribution of the aspect ratio for that mineral. Assuming positive
identification of the mineral type, then the designation of variety would be
based both on particle morphology and the frequency maxifmum of the aspect

| ratio. Cleavage fragments will generally have a frequency maximum less than
3 to 1, whereas the asbestiform varieties will fall between 10 to 1 and 20 to
1 or higher, depending on the characteristics of the mineral and the history
of the sample, particularly the type and degree of milling. If any shape or
size limits are placed on characterizing mineral particulates, such limits
i should be based on medical evidence or on some limitation of the characteriz-
ing technique and so stated.
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Particulates From Unknown Sources

Samples such as envirommental airborne or waterborne mineral particulates
collected at a considerable distance from a possible source are examples of
particulates from an unknown source. The samples could have been collected
at a location so distant from a known source that other mineral particulates
originating from other sources compose most of the sample.

The source of the particulates in an environmental sample may be located
by taking additional samples at selected intervals in the direction of, and
closer to, the suspected source. However, several factors must be considered:
The direction of air and water currents with respect to the suspected source,
and the proximity to and direction of other sources with regard to the sus-
pected source. One study found very low concentration of airborne chrysotile
upwind from a source compared with a concentration two orders of magnitude
: greater downwind (14). Another important consideration is the level of natu-
i ‘ ral or human disturbances of particulates; for example, strong versus weak
L winds, or heavy versus light vehicle traffic. In some instances, it may be
possible to identify the source if the mineral particulates of interest have
unique trace elements or combinations of elements that are specific to the
probable mining or milling operation emitting the particulates. Detailed ele-
mental analysis using the X-ray spectral capabilities of an SEM or TEM is
required on both the suspected source and the particulates.

ARy

APPLICATIONS

The following examples illustrate the application of mineral terminology
and identification-characterization procedures to three types of problems:
(1) chrysotile determination in ambient-air samples collected near a serpen-
tine rock quarry, (2) identification of asbestiform minerals in ceilings and
walls of public buildings, and (3) characterization of a mineral product.
These examples illustrate, in order, the need for higher magnification than
available with the light optical microscope, the use of various characteriza-
tion techniques to screen and identify asbestiform minerals, and the judgment
of the analyst in distinguishing cleavage fragments and asbestiform particles.
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Ambient-Afir Samples
Collected Near Ser-
pentinite Rock

guarr!

The Bureauof Mines
is working with State
and Federal officials
to measure mineral par-
ticulates in ambient-
air samples collected
in the vicinity of a
serpentine rock quarry.
Optical microscopic
procedures at about
X 500 are limited to
the identification of
mineral particulates
longer than 5 um with
an aspect ratio of 3 to
1 or larger (criteria
set by the Mining
Enforcement and Safety
Administration and the
FIGURE 45:; - Macr‘ophotograph showing chrysotile veins in ser- g::ﬁgtigzii.::f::i:??

pentine rock (X 1) The mineralogist can
further identify the
particles as belonging to the
serpentine, amphibole, or other
mineral group with index oils
(table 2).

The serpentine rock in the
‘quarry is interlaced with small
veins of chrysotile (fig. 45).
Optical microscopic procedures
used for industrial hygiene are
adequate for the detection of
large chrysotile fiber bundles.
These fiber bundles of
commercial-grade chrysotile
can be several micrometers or
larger in diameter (fig. 46)..

In contrast, the mining and
crushing operations in the
quarry plus transport of par-
FIGURE 46, - Chrysotile bundle (SEM photomicrograph ticulates over a distance
at X 5,000): : breaks bundles of fibers down
‘ o to fibers or fibrils with diam-
' eters of 250 to 1,000 A (table 3).
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Figure 47 is a series of SEM photomicrographs of a mixture of chrysotile
and nonasbestiform serpentine handpicked from a small vein in the serpentine
rock quarry. Note that at X 450 (corresponding to the optical microscope mag-
nification), only one or two bundles of chrysotile are faintly visible; the
predominant particles are the nonasbestiform serpentine. As the magnification
is increased, the high concentration of chrysotile fibers becomes readily )

- visible. The fiber diameter size data in table 3 indicate that more than 95 7'-

percent of the chrysotile fibers in these ambient air samples are below the =€

! limit of resolution of the optical microscope. Although many other scientists -
: have pointed out the limitation of the optical procedures for chrysotile in

ambient air, there is need for continuous emphasis that higher magnification
techniques are necessary for envirommental and regulatory samples.

Jr

Asbestos in Ceiling and Wall Materials-

SOFRY

A possible environmental hazard is the release of asbestos from ceilings

and walls in homes, churches, schools, and various other public and commercial *
buildings. Because of the very high number of potential samples to be exam- *f
ined by various State or Federal agencies, a rapid and reliable screening prot* -
cedure is necessary to identify those samples that warrant further tests. "
Three complementary analytical methods for screening, identiffcation, and A
semiquantitative estimate of the asbestiform mineral concentration are X-ray °
diffractometry, differential thermal analysis, and microscopy (light optical i
and scanning electron). -

chrysotile is the principal asbestos mineral used for building insulation mate=
rials, with Amosite used to a much lesser extent. In 18 samples from a mid-
western municipal health department, chrysotile was a major constituent (>50
weight-percent) in 2 samples, a minor constituent (1 to 10 weight-percent) in
12 samples, and not detected in 4 samples. Other minerals present in various
concentrations in these samples were calcite, quartz, gypsum, and mica.

Amosite was found as a major constituent in the ceiling of an older building
located on a university campus.

6N I, ALY SR 0 7D 5 5 L A NARIINST i o 1O 0§ g

i
{
i
l The screening identification procedures can be relatively simple because
{
i

The presence of either serpentine or amphibole minerals in the insulation
materials can be used as a probable indication of asbestos. Therefore, screen<
ing tests are based on the presence or absence of characteristic differential

thermal analysis or X-ray diffraction peaks of either serpentine or amphibole
= minerals. For the positive samples, confirmation of the presence of the
35 asbestiform variety requires some type of microscopic examination because the :
$ thermal and X-ray diffraction methods do not identify the mineral variety. '
§§ Differential thermal analysis provides a detectable signal from chryso-
;% tile at 0.5 to 1.0 weight-percent, as indicated by the curves shown i{n fig-
> ure 48. Note the increase in the endothermic (A) and exothermic peaks (B)
=4 | upon addition of about 5 weight-percent chrysotile to a sample taken from a
= H school ceiling. The sensitivity of differential thermal analysis for the
= amphibole minerals is significantly poorer because the Ha0 content of amphi-
ES boles is approximately 2.5 percent compared with about 13 percent for chryso~
§§< tile. The sensitivity of the X-ray diffraction method also ranges from 0.5 to

A
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FIGURE 48, - Differentiol thermal analysis of sompTe.fidm
school ceiling, showing endothermic (A) and
exothermic (B) peaks of serpentines Run 1is
the somple as received; run 2 is o mixture of
95 pct of the as-received sample and 5 pct

chrysotile,”
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FIGURE 49, - X-ray diffractometer scan of sample from
school ceiling, showing the presence of
calcite (C), mica (M), ond serpentine (S).
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1.0 weight -percent. An
X-ray diffractometer scan of
the 28 range for major ser-
pentine peaks is shown in
figure 49. The magnitude of
the characteristic peaks for
chrysotile are a function of
several factors, including
degree of fiber orientation
and the type of milling or
crushing used to process the
sample. Also, the sensitiv-
ity of both methods is
affected by the presence of
other minerals that have
characteristic thermal or
diffraction peaks in the
same region as those of the
minerals of interest.

Some samples will be
composed of a mixture of
syanthetic and natural fibers,
such as the mixture of fiber-
glass and chrysotile shown
in figure 50. Generally, it
is not difficult to identify
the synthetic fibers based
on their larger diameter and
the more uniform appearance.

Amphiboles and Tale

Asbestos-related health
regulations are having a
significant impact on the
domestic talc industry from
occupational exposure at the
mines and mills and at vari-
ous manufacturing plants
that use talcs in their
operations. Certification
that the talc does or does
not contain asbestiform min-
erals is important because
the occupational health
requirements are much more
restrictive if the talc is
designated as containing
asbestiform serpentine or
amphibole minerals.
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FIGURE 50. - Sample from university building,

Tale is both the name of a spe-

—~ cific mineral, Mg,5i,0,,(0H);, and a
~ commercial term for a mixture of min-
erals ranging from essentially 100
percent talc to blends where the min-
eral talc is a minor constituent

S5t

Semiquantitative estimation

of the serpentine and/or amphibole
mineral concentration, if present, can
be obtained by X-ray diffraction and
differential thermal analysis. Sev-
eral talc deposits contain a variable
amount of tremolite. Therefore, the
essential question faced by the ana-
lyst is whether or not the tremolite

Figure 51 shows the

typical platy morphology of talc; no
tremolite (amphibole) was detected in
this sample by X-ray diffraction.
Figure 52 illustrates the type of
particles obtained from a mixture of
tremolite and platy talc. The cleav

showing @ mixture of chrysotile age fragments of tremolite are typical

and fiberglass (X 140),

judgment is
with the type of sample illustrated in figure 53.

of the nonasbestiform variety.

required of the analyst

This sample consists of

platy talc, cleavage fragments of tremolite, and minor to trace amounts of
fibrous tremolite. For this latter sample, the 3-to-l1 aspect-ratio criteria
would greatly overestimate the number of fibrous tremolite particles collected

on air filters or other monitors.

FIGURE 51, -
Typical platy mor-
phology of talc
(X 600),

Better
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FIGURE 53.

1A Do a3

- Ploty talc
fragment (B) (X 640).

(X 400),

- Ploaty tale, tremolite cleavoge fragments,
ond a fibrous tremolite particle (A)

RESEARCH NEEDS

There are several areas in
particulate identification-
characterization where further
research is warranted. Areas of
research that are immediately
applicable to asbestos are
briefly summarized.

Commercially available elec-
tron optical instruments are
generally limited to morphologi-
cal characterization for mineral
particles with diameters less
than 0.2 ym. As pointed out in
the identification-
characterization section, both
the signal-to-background ratio
for energy dispersive X-ray
spectra and the SAED pattern are
significantly degraded for elon-
gated particles less than 0.2
um in diameter. Field emis-
sion electron optical micro-
scopes with their higher
vacuums and smaller beam
diameter may have some
advantages over conventional
SEM instruments. Also, other
microprobe techniques, in
particular ion microprobe
mass spectrographs and laser
Raman microprobes, should be
evaluated for particulate
characterization.

Although electron micro-
scopic methods can generally
positively identify chryso-
tile in air and water samples,
the quantitative aspects of
the measurements need sub-
stantial improvement. Sample
treatment and measurement
errors need to be isolated
from sampling variance.

Because of the ambiguity of fiber counts, results should be reported both in
mass equivalents and in fibers per unit volume.

MTC 001306
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Fundamental studies should be conducted to determine 1if there are unique
chemical and physical characteristics of a mineral fiber as compared to elon-
gated cleavage fragments. For example, the surface properties of chrysotile
are similar to those of magnesium hydroxide, whereas the nonasbestiform vari-
eties of serpentine have the surface characteristics of a silicate (30).
Variations in surface properties, {f any, between asbestiform particles and
cleavage fragments of amphiboles should be investigated. Surface characteri-
zation techniques to be considered should include Auger electron spectrography
and low-energy X-ray spectrography. Research at the University of Minnesota
indicates that asbestos fibers have an extensive surface charge over the whole
surface, whereas cleavage fragments have a significantly lower surface charge
(40). Extinction angle measurements are another possible approach to dis-
tIEéuishing asbestiform from the nonasbestiform varieties of amphiboles (37).

There is a critical need to reexamine the 3-to-l aspect ratio as a cri-
terion for a mineral fiber. The aspect ratio for fibers from asbestiform min-
erals were as much as 200 to 1 or higher, whereas the ratio for cleavage frag-
ments is about 3 to 1, as illustrated by the data in this report. The 3-to-1
aspect ratio may be valid for the industrial hygiene control of asbestos-
processing plants; however, its applicability to existing nonasbestos mining
and ore processing plants requires critical evaluation. There is also need to
evaluate the restriction of the mineral particulate measurments to light opti-
cal microscopy because many particulates of interest, especially chrysotile
£ibrils, are not visible by this technique. Low-cost scanning electron micro-
scopes are in the same price range as research-grade petrographic microscopes,
and the skill requirements for the operator are comparable for both
instruments.

Particulate measurements by microscopic procedures are time consuming and
expensive. Two possible approaches to reducing the time and cost are (1) auto-
mation of the particulate identification-characterization measurements using
computerized image analyzers and (2) development of chemical reagents that
give a specific response with either chrysotile or the various asbestiform
amphibole minerals. Using the chemical-reagent approach, mass-concentration
values could be obtained by measurement of some response such as color, ultra-
violet fluorescence, X-ray spectral intemsity, etec.

Health studies related to inhalation and ingestion of fibers have been
essentially limited to well-defined commercial types of asbestos. The funda-
mental question to be resolved is the biological effects of cleavage fragments
compared with those of true mineral fibers. 1If shape and size are the criti-
cal parameters, the analyst could establish and measure suitable analytical
parameters to monitor the particulates of interest. Likewise, if the health
scientists find a correlation between health and the amount of trace metals,
adsorbed organics, surface area, etc., the analyst can respond accordingly.
Therefore, there is a primary need for an adequate quantity of well-
characterized amphiboles and serpentine of both the normal and asbestiform
varieties for use in health-related studies. .
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July 21, 1924.

Dre Re Re Sayers, Chief Surgeon,
- Ue Se¢ Bureau of Minss,
Washington, Ds Cs

SUBJEQOT: Paper, "Alr dustiness
determined with the sugar
tube, Palmer apparatus and
impinger, ocompared to deter-

. minations with the konimeter.
Dear Dr. Sayers! ' :

In asoordance '-ith our reoenf conversauon.. there is

auoloaed lnrevith two copies of the paper, title above. I would
/ﬁ"?{o;-{nt/o”ﬁﬁa also the paper msy be subtmitted to any
others whom you desire, including members of the Publies Héalth

Sorvice who asked that this matter be deleted from the bulletin

~on Comparative tests of instruments for determining atmospherioc

dusts. Should thers de objections to the paper in its present
form, will you please ask that the comments and oriticisms bde
written. '

I would like to piosent this matter at asdme future
meeting of the American Soclety of Beating and Ventilating Ene

gineers, and possidbly elsewhere if it can de released fox.- that

purpose.
Very truly yoﬁra.
1o 'z
. 7 N . i [3 4‘& 1 v
. 3. He x&tln\ . “ e /.
2 encs. ' $ S
+ :ll \:
. S
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'.;ADEPARTMENT OF THE INTERIOR
) - BUREAU OF MINES _

CrAlaceen (G €OV

- S WASHINGTON
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Sejvtamber 8, 1924.

ZM LR

Mro 80 H. Katz, e
Ue 8. Bureau of Mines,
Pittaburgh, Pa.

\i\\[\
< k¢,
Lo W ] : :
' \\\ég“: Dear Mr. Kats:
RO .
~ __a..,-_{w’) Your paper on "Air dustiness determined with the augar tube. o b
% 3 §{~? Palmer apparatus and impinger, compared to determinations with the i\ 3
N2 A ¢ konimeter,™ has been sutmitted to the Public Health Service and then Q5 (%
\T,{ Vv _,‘“’ to the Editorial Division of the Burean. ‘ A A
{7 \?% : !§ <,
~_ 8’ 3 The Public Health Service say that 1t is impossible to suhnit L
O J ¥ it to Dr. Frost, as he is on leave and will be away from duty for several )(.k
B )) . J weeaks. 0f course, ths Public Health Service have no objesction to the . ¢ "xu L
! $. « Bureau of Mines publishing the paper, if it is thought best. - However, ;\3- !
Y 93<)  the Public Health Service still feel that they do not oare to publish - v
o 2 .7~ the paper. The only possible criticism that Dr. Thompson had was B JS
% & % that on page 11 some 0f the data given would detract from the bulletin "”G’ ?
' > T 1 now being published by the Public Heelth Service if this should a.ppear
" at an earlier date. Other criticiems were that counts of the ’,\\
h . konimeter were not practicable in high concentration and, therefore, " y'\’ gj -
! \ the :derivation of & mathematical relation with any other d.etermination

was not Justified.

It is also believed that the double 1oga.rithmio
scale is diffiocult &

to interpret, even by the average engineer.,p-‘_"_‘:f

There were other minor suggestions, but after talking with B
the Editorial Division and others, it was deemed inadvisable to have
the article published, I am very sorry that this is true, beoause R
I know that you have worked hard on the article to get it in the~ ehspe NN
that 1t is. - "“!\

Yours sincerely,

R. R. SAYERS
Chief Surgeon, U.S.B.of M.
Surgeon, U.SePesHeSe
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March 13, 1926.
CHIRF SURGEOX.
Sudjeat; ‘gg_bllcation of Paper.

Dear Dr. Sayera:

SEK/LD

lot that the Pnblle Health SQrvioo Bullotin -

144 has been issued, it seems advisadle to pudlish the -
paper "Alr Dustinsss Determined with the Sugar Tude,

. Palmer Apparatus and Impinger Compared to Determinations

with the Konimeter”. You will remember that Dr. Phompson

preferred that it be held until the issue of the Bnnetin._

¥r. Smith, ¥r. Myers and myself think that tho
paper has valuadle information, which should be givem to
other workers. When you are in Pittsburgh again, I would
lixe to oonsult you about it. I bdelieve it is now arranged
to accord with all eritioisms and oomments that have been
received,

Yours very truly,

K

3o : 08 nth
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3 SHK/LD
¥arch 16, 1926,

’

ASSISTANT DIRECTOR.

Subject:"Air Dustiness Determined

with the Sugar Tube, Palmer
- Apparatus and Impinger, Com-

pared to Dgterminations with
the Konimeter."

b AWy ard

hear Dr. I.yonz

Bnclosed herewith are the original and ons

A- . oarbon eopy of the above paper by Katz, Smith and ¥yers.

'111 you please refer to Dr. Sayers, and. it
agreeadble, 1t msy be sent to the Journal of Industrial
Bygliene for issuing. In event the Jourmal of Industrial
Bygiene does not publish the paper, please refer it to
the Jonml of the American Soolety of Heating and Yenti-
heiig Engineers.

: fer:f truly yours,
@’

Enol. A. C. Pieldner.

.
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IN ANSWERING REFER TO NO. ceaamameea

\

O/ :
UNITED STATES ' '
DEPARTMENT OF COMMERCE

BUREAU OF MINES

WASHINGTON March 29, 1926.

¥r. A. C. Fieldner,
Ue. S Burean of Mines,
Pittsburgh, Pa.

Dear Mr. Fieldner: .

This will acxnowledge receipt of the original
and one copy of the paper on Air Dustiness Detemined with
the Sugar Tube, Palmer Apparatus and Impinger, Compsred to
Determinations with. the Xonimeter. This has been forwarded
through the regular chamels for publication and as soon as
it has been passed upon you will be informed.

Yours very truly,

R. Re. SAYERS
Chief Surgeon, U.S.B.of Y.
Surgeon, U.3.P.H.S.
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Ksreh 31, 1926, BRS/s9y

Dr. Go X. Drinker,

JOURNAL OF INDUSTRILL HYGIENE, ORBAU Spn
240 longwood ivesuo, A NITSBURGH, py ‘¥R -
Boston 17, Kagsachusettise. APR "_2 95 *

e

RecerveD

Dear Ir. Drinker;

1 =3 imlosing en article on "4ir Dustiness
Deternined with the Sugar Tube, Palmer Apperatus ad
Inpinger, compared to Detsruinstions with the Eoaimeter,”
by Hessrs. Eatsx, Smith. and ny?ora. ghi-a,__,;s'-aqtnittad
for possible publicotion fn the JOURFAL OF INDUSTRIAL
HYIZIENR.

!" - , Yoars sincerely,

Re Ro BAYERS
Chlef Surgeon, UeS.B.of Ko
Surgem. UedePeHoSa

Inslesure. '
/ 63 - Xre Pleldoar

-

A e
{é,g’,n féﬂ ) .
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IN ANSWERING REFER TO NO. ccvurcacnnnmvnann. ——

W S|
UNITED STATES
DePARTMENT oF COMMERCE

BUREAU OF MINES

WASHINGTON April 6, 1926.
Mr. S- H. Ka-tz, ’\\A._ 6\
U. 3. Bureau of dines, . :
Pittsburgh, Pa. *  {Thru Superintendent)

N—— ' -44.7&. xm-—,d«"“f Mj
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. oo W,,{{ #e Ses dfﬁ‘/ T
Dear Mr. Katz: oﬁ/_g o /m/D ey~ & orrperrre’ 70 //”’”
atorrs wiH4 H Aerw g
I have Just received & letter from Dr. Drinker
in which he szys that both himself and his brother Fhilip
taink it an excellent piece of work. Apparently they
will publish it in the Journal of Industrial Hygiene in
the near future.

Yours very truly,

707G e

" R. R. SAYERS
Chief Surgeon, U.S.B.of Y. -
Surgeon, UeSePHoSe
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THE DIRECTOR, U. S. BUREAU OF MINES ——
WASHINGTON, D. C.

UWITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF MINES )
WASHINGTON July 20, 1938,

¥re Je Jo Forbes,
U. S. Bureau of Mines,
Pittsburgh, Pa.

Dear Mr. Forbes:

Herewith a paper of mine on dust together with some
discussions of it, the paper being merely a repetition of other
papers on this subject. The main reason for transmitting the
paper to you is for you to see the meterisl in the discussions
and I think you will find in them some rather interesting in-
formation.

A copy is being sent to several of the district
engineers,

Yours truly,

=
De NGTON.

Chief, Health and Safety Branch.

Encl. - 1326993
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METHODS FOR PROTECTION AGAINST DUST HAZARDS

AND WHEN THEY ARE JUSTIFIED L/

While apparently the hysteria with regard to silicosis and other
occupational diseases has largely subsided and this subject is being more
carefully considered and soberly judged, it would be poor policy for any
employer to maintain that the storm has ended and that he can relax and
revert to conditions &s they were 5, 10, or more years ago. The fact is -
that the plan of paying occupnticnal-disease compensation is now in its
infancy and can be expected to grow rapidlye. At present, while all of the
States of the Union, including the District of Columbia and excepting only
Arkansas and Mississippi, have compensation acts, only the following make
provision for occupational diseasés to some extent or in one way or another;
California, Delaware, Comnecticut, District of Columbia, Illinois, Indians,
Kentucky, Massachusetts, Michigaf, Minnesota, Missouri, Nebraska, New
Jersey, New York, North Carolina, North Dakota, Ohio, Pennsylvania, Rhode
Island, Washington, West Virginia, and Wisconsin, Silicosis is compensable
in one way or another in California, Comnecticut, District of Columbisa,
Illinocis, Kentucky, Massachusetts, Missouri, New York, North Carolina,
North Dakota, Ohio, Pennsylvania, West Virginia, and Wisconsin, and possibly
in other States. During the past few months, occupational-disease lepisla-
tion (largely silicosis? has been considered &n some form in Arlmnsas,
California, Delaware, Idaho, Maryland, Kansas, Massachusetts, Michigan,
Minnesota, Montana, Nebraska, New Jersey, Ohio, Pennsylvenia, Tennesses,
Utah end Washington, It will be surprising if comparatively comprehensive
occupational-disease legislation is not on the statute books of nearly
every State in the Union within the next § years,

With this situation confronting him, the farsighted industrialist who
has the interest of his organization at heart, if he has not already done
so will immediately start to "put his house in order" by studying possible
occupational disease hazards to his employees and promptly applying knowm
remedial measures or attempting to devise such measures if none exist,
Unquestionably, one of the most important of the surveys to be made relates
to dust occurrence, as State laws on otcupational disease are almost certain
to contain provisions on silicosis and, with almost equal certainty, the
provisions of any State law are not likely to be partiocularly similar to
those of other States,

esented at Mid Year Meeting of Directors of the National Slag
Association, Washington, D. C. June 3rd, 1938,

_2/ Chief, Health and Safety Branch, Bureau of Mines, Washington, D.C,
6128
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In studying possible dust harmfulness to those employed in industry,
the investigator naturally will try to ascertain from the experience of
others, as embodied in available literature, or from other sources the
features of dust occurrence that may endanger the heelth of or otherwise
harm workers; in doing so the investigator is likely to find such confused
end conflicting data that, irrsspective of his investigative or operating
ability or his good intentions, he is likely to have considerable diffi=
culty in ascertaining what it is all about and what is to be done about it,

While the State dust laws and regulations apply primarily to silisa
dust and resultant silicosis insofar as the health hazard is concerned,
those most familier with dust occurrence and its possible hazards recognize
not only that the breathing of large quantities of dust of free silica
(5i0) is probably the greatest hazard to health likely to be found where
dust is involved, but that not even silica dust is harmful to health unless
it occurs in very finely divided form and is breathed in relatively large
quantitiés more or less continuocusly for a considerable length of time,
Moreover, many thoughtful experts on dust harmfulness are now becoming con-
vinced it is to be expected that health will be harmed when human beings
are obliged to breathe high concentrations of any kind of dust more or less
continuously, This conviction has been definitely expressed recently by
so many of those who have made dust investigations their life study that
it seems inevitable the law makers must soon take ocognizance of it,
Professor Philip Drinker, of Harvard, as chairman of the Preoventive Engie
neering Committee of the Air Hygiene Foundation, Pittsburgh, now emgaged
intensively on studies of air harmfulness, very concisely and definitely
exprossed the considered opinion of a body of outstanding dust experts
as follows:

There is no satisfactory medical answer at present to this
question, but the engineer is making a bad mistake if he lets
men breathe heavy dust concentrations of any material, If no
other reason for dust control can be found, then one should
read transcripts of some of the recent suits et common law in
which fentastioc damages for alleged silicosis were granted to
men who breathed dust containing little or no silica. The
courts and compensation boards are not impressed with subtle
distinctions between dusts with 10- and 40-percent quartz,
especially when medical experts are reluctant to make definite
statements as to the comparative signifiocance of such differ=
ences,

It would be well to realize that men working in dusty
trades suffer far more fram respiratory troubles of all kinds
than do men who work in clean air, The evidence that excessive
dustiness of any kind is harmful is beyond argument,

In connection'with what is likely to confront the employer in compensa=-

tion obligations in the future with rogard to dust, it should be remembered
that the inhaling of dust is by no means its only hazard in industrial work
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that may require compersation peyment; and even here theé harmful effect of
breathing dust is not necessarily confined to the lungs, as some kinds of
dust are known to have detrimental health effect on the nose, throat, and
bronchial passages as well as (indirectly) on the heart, stomach, and
possibly other internal organs. Externally, dust may cause injury to the
eyes, ears, and skin; and some dusts, in contact with the perspiration, are
absorbed, with definite harm to the health of the victim,

Moreover, heavy concentrations of dust in the air reduce visibility
materially; in some cases, as in the storms in the Dust Bowl in the Central
West, the dust in the air reduced visibility virtually to zero in midday
with the sun shining brightly, Obviously, in industrial ocoupations in
which but limited emounts of natufal light are aveilable or in which
ertificial light is used entirely, any decrease in visibility dus to air=
dustiness (and the decrease in visibility mey, under same circumstances,
emount to 75 percent or more) is likely to result in materially reducing
efficiency and also in the more frequent occurrence of accidents acéompanied
by an intrease in compensation commitments., Soms dusts (coal, zginc,
aluminum, and scores of others, mineral and non-mineral) are explosive and
many are subject to .spontaneous combustion with consequent hazards to health,
safety, and property. Many dusts have detrimental effects of wvarious kinds
on propeérty as distinguished from persoms, Machinery, growing vegetation,
animals, dwelling houses, and other types of property are demaged by dusts,
and compensation of some kind often is cbtained from industrial concerns
through demage suits or otherwise, ‘

In view of these facts, it would appear that the industrial executive
who is trying to protect his employees from harm and his organization from
undu¢ avoidable expenditures because of the hazards of warious kinds from
dust, would disregerd technicalities and concentrate on reduction of dust
in the air in and around his plant instead of splitting heirs as to the
size of dust or the kind of dust or the quantity of dust or any of the
scores of other uncertainties as to dust, as to many of which no reliable
information is yet available and in meny cases probably never will be
available, '

Prevention of air dustiness where human beings must work and the elimi-
nation of dust or keeping it confined and under control most certainly should
be an integral part of any industrial work of the future if those engaged
in industry are to avoid heavy expenditures for compensation and other
damages. Having arrived at this conclusion, the forward-looking industrial
executive who 1is trying to protect his employees as well as his compeny
wants to know immedimtely what constitutes a harmful emount of dust and
how to eliminate or reduce it; and here, again, the answers are not easily
given nor are they as specific as might be desired,

From the viewpoint of respiratory harmfulness, it is gehere.lly stated
(though actually kmowledge on this point is by no means certain) that the

particle sizes of dust (such as that of free silica) that affect health
adversely upon entering the lungs are those that are less than 10 microns in
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size, different persons having different ideas as to what the maximum may
be -~ 10 microns or € or 6 - and some say that the harm really is done by
particles less than 2 microns in size. As against this, it is stated that
fibers of asbestos dust as long as 200 microns have been found in the lungs
of men, and that undoubtedly these long asbestos fibers exerted at least
scmé detrimental effect. Since a micron is only about one twenty=-five
thousandth of an inch, or much smaller than the naked eye can see, it is
usually assumed that the larger dust particles that can be seen floating
in the air, and which settle out relatively fast are not harmful to health.
Certainly, this is not so, as the larger icles that float in the air
(some of them 100 or more microns in size), if present in considerable
quantities, clog the air vassages leading to the lungs, some of which have
agencies that under ordinary conditions intercept dust particles before
they can reach the lungs, and this clozging then allows the smaller and
probably most dangerous dust to enter the lungs unimpeded, A common-sense
opinion as to what constitutes an atmosphere so dusty that dust-prevention
action should be taken is that any atmosphere in which dust can be seen by
the naked eye is too dusty, not only for health but also, at least ifi many
cases, for safety and efficiency. 1If the visible dust is eliminated, much
of the invisible or probably most dangerous dust will unquestionably have
been removed also and very likely the health as well as other hazards much
minimized or eves removed, After the visible dust has been removed, it
mey be necessary, under some conditions or with somo tyves of dust, to make
more intricate investigations as to the occurrence of invisible dust, using
the impinger, konimeter, or other instruments; but unless litigation is in
effect or threatened, these intricate studies are relatively unimportant
if the visiblse dust is eliminated from the air of working places.

Manifestly, if dust is not produced, it can't get into the air or be=
came harmful otherwise; end some relief from dust troubles in industry can
be achieved by using construction, practices, processes, or equipment that
tend to eliminate dust formation. '

In designing and equipping the places in which employees must work,
the forward-looking industrialist will be wise to prevent the meking of
dust or to control it if it must be made, by using machinery, methods,
processes, construction, etc., with dust-sliminating characteristics rather
than thogse that produce or spread dust, even though soms additional expense
in construction or operation may attach to the dust-prevention features,
The emphasis now being placed on dust in its various phases and the expense
which dust may cause make it almost imperative that in the future much more
thought be given to dust prevention and handling than has been given in
the past, For instance, processes or practices that produce excessive dust
should be discarded for others that produce less dust, or they should be,
isolated somehow, such as by housing them tightly in a separate part of the
plant or using them at timos when the least number of persons would be
exposed to them or when there is ample time to remove the dust from the
atmosphere of the working places, Such installations or practices must be
operated efficiently at all times, however., Common sense should be used
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in handling a dust-control device or method; certainly it is foolish to
use an elaborate exhaust system to take the dust out of part of an estab-
lishment and then exhaust the dust-laden air at such point or in such
manner that it will be taken into the same or some bther part of the
establishment or into an adjacent one through doors, windows, etc,

If dust must be formed, as is the case in many industries, several
effective methods are available to prevent the dissemination of dust into
the air or into places where it may cause trouble,

In many industrial operations the air in the plants is also impregnated
with considerable quantities of poisonous gases, such as carbon monoxide,
oxides of nitrogen, hydrogen sulphide and other dangerous sulphurous fumss,
in sufficient quantities and percenteges under some circumstances as to
asphyxlate persons who may breathe them or to cause serious illness, often
of a more or less permanent character,

Many persons who have studied the incident of dust diseases are of the
opinion that the breathing of even small quantities or percentages of ex-
traneous or harmful gases such as carbon monoxide, oxides of nitrogen, hy-
drogen sulphide, etc,, inflames or otherwise adversely affects the ree
spiratory organs, especially the lungs, and makes them much more easily and
readily susceptible to harm fram the breathing of dust particles,

Ventilation is probably the most effective dust=control practice
available for many industries, though it ranks second to wet methods in
others, Where ventilation can be applied effectively, dust can be removed
from the air or its concentration can be kept so diluted as to render it
practically harmless to workers; ventilation can minimize dust hazards of
almost all kinds,

Dust respirators of various types are now available for use in exces=
sively dusty atmospheres, and while they are cumbersome and have numerous
features that make them undesirable for constant wear throughout a wotking
shift (though they can be worn readily for several minutes at a time), they
do give adequate protection to wearers against dust but give essentially
no protection against either poisonous or asphyxiating gases. Dust res-
pirators should be regarded as being temporarily useful for emergencies
only, whereas protection for workers against dust should be more substantial,

What might be designated "good housekeeping" has a definite place in
dust prevention. Dusty materials should be stored in dust-tight containers
or bins; dusty processes, including the handling of dusty material, should
be carried on as far as feasible in dust=-tight compartments or structures,
the tightness of which should be maintained; ledges or surfaces on which
dust may lodge and accumulate, to be thrown into the air by some shock or
motement, should be changed to prevent opportunity for such accumulation,
or, if this cammot be done, such surfaces should be cleaned periodically
by vacuum process, by washing down, or by sweeping (the latter being a
relatively poor method and should be employed only when as few of other
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workers as pdssible are present); floors should be kept as free of dust
as possible, preferably by washing them with water; and, certainly, air
for the working places should not came from dusty sources.

Physical examinatlons should play an important part in the drive to
minimize health harm from dust in industry, but so much controversy has
been aroused because of them that their effectiveness has been largely
nullified, Unquestionably, every person employed in an industry where
considerable dust may be found in the air should be rigidly examined by a
campetent doctor previous to employment, and if the examination reveals
the presence of respiratory trouble the person should not be employed;
this is especially true if tuberculosis is indicated, At 6= or 12-month
intervals every person in dusty industry should submit to a rigid physical
exemination; and if disease is showh to be developing the victim should be
transferred to non dusty employment, if such is available, Handling
physical examinations in a manhner fair to the worker as well as to the
employer should be worked out, and it must be admitted that to date this-
has not been done at all adequately.

Prevention of dust disease is chiefly an employer responsibility he
should shoulder willingly, not only to safeguard the health of persons in
his employ but also to relieve his firm of the heavy financial burden likely
to be thrust upon it by compensation or legal authorities should employees
become afflicted with dust disease; and when one takes into account how
little is known as to the cause of the disease and how to relieve it if it
is incurred, it would seem to be the acme of common sense to do anything
practicable to reduce the dust content of the air of places where employees
must worke This does not mean that the employee should not help himself,
as it is manifestly as much to the interest of the employee to avoid dust
or any other occupational disease as to avoid having accidents, However,
information as to occupational disease (including dust disease) is not
readily available to the worker in understandable form, and the employer
should carry on an educational campaign to inform his safety and operating
officials sbout occupational disease matters and to have them transmit
the information to the workers so the latter can cooperate wholeheartedly
in trying to eradicate theose dread diseases from industry or at least
control them to a far greater extont than has been done,

MTC 001324



THE AMERICAN PUBLIC HEALTH ASSOCIATION

ABEL WOLMAN, Dr.ENG.

Section Secretaries

JOSEPH W. MOUNTIN, M.D.
HEALTH OFFICERS

GEORGE D. CUMMINGS, PH.D.

LABORATORY

JOHN COLLINSON. M.D.
VITAL STATISTICS

JAMES LLOYD BARRON, C.E.
PUBLIC HEALTH ENGINEERING

W. J. McCONNELL. M.D.
INDUSTRIAL HYGIENE

CARL R. FELLERS, PH.D.
FOOD AND NUTRITION

ESTELLA F. WARNER, M.D.
CHILD HYGIENE

CARL WILZBACH, M.D.
PFUBLIC HEALTH EDUCATION

RUTH HOULTON, R.N.
PUBLIC HEALTH NURSING

FILIP C. FORSBECK. M.D.
EPIDEMIOLOGY

{

JOHN A, FERRELL, M.D.
CHAIRMAN OP EXECUTIVE BOARD

LOUIS I. DUBLIN, PH.D.

PRESIDENT TACASURER

EDWARD 5. GODFREY. JR.. M.D.
PRESIDENT-ELECT

CARL E BUCK. DR.P.H.
PIELD D1RECTOR

REGINALD M. ATWATER, M.D.
EXECUTIVE SKCRETARY

OFFICE OF THE SECTION SECRETARY

Metropolitan Life Ins. Cc¢

1 Madison Avenue
New York, N. Y.

UREAU Opx
B rirtsiuiey, i
e Ve

\ ~
SN
\
2 193g

Dr., H. H. Schrenk, Chief Chemist
Health Division

Pittsburgh Experiment Station

U. ©, Bureau of Mines
Pittsburgh, Pennsylvanis

Deer Dr. Schrenk:

The American Public Health Association is planning
to hold its 68th annual meeting in Pittsburgh from October 17th
to 20th this year, and as Secretary of the Industrial Hygiene
Section, I am writing to invite you to prepare a paper on dusts
for presentation before the second session of the program.

Vie have planned tentatively to have Mr, E, C. Barnes,
Industrial Engineer of the Westinghouse Manufacturing Company,
Pittsburgh, Pennsylvenia, write & discussion of this paper, which
viill be read immediately following the reading of the paper. About
15 minutes will be allotted to each spesker for delivery of his
paper.

Hoping thet this is agreeable to you, and thet you
will find it convenient to be with us in Pitusburgh, I em

Sincerely yours,

W.”J. McConnell, M.D.
Secretary, Industrial Hygiene Section

April 19, 1939



{
Progran of the Industriel Bygiene Section of the
American Public Bealth Association
1939

Second Session

1. Dusts.
-Speékerl D!'. Rc E. SChrank
U. S, Buresu of Mines
Pittsburgh, Pennsylvania

Discussort Mr. Barnes
- Westinghouse Manufacturing Co.
Pittsburgh, Pennsylvenia

m‘ ) E. J L ] Ur b&n
Depertment of Health
Burlington, Vermont

<+ Vapors.
Speakert Professor P, Drinker

Discussort Mr. G, W, Jones
U. S. Buresu of Hineg
Pittsburgh, Pennsylvanis

3+ Gases.
Speaker:s W, P, Yant
Mine Ssfety Appliances Co.
Pittsburgh, Pennsylvania

Discussor: Mr., B. Berger

U, S. Bureau of Mines
Pittsburgh, Pennsylvania

About 15 minutes will be &llowed for
each paper
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April 27, 1939,

H3/kd
Dr. W. J. McConnell, Secretary,
Industrial Hyglene Section,
American Publioc Health Assooietion,
Yetropoliten Life Insurance Company,
1 iadiason Avenus,
New York, NHew York.

BUBJECT: Peper for American Putlio
BEsalth Asscciation.

Dear Dooctor McConnell:
Replying to your letter of April 19:

I shall be glad to give every assistance I can in the
prepsration of a program for the Industrial Hygiene Seation of the
American Public Health Association for its 1939 meseting =t Pittsburgh.

If you desire, I shall be gladd to speak on the subject
of dust. However, I would appreciate having your ideas as to what
information you would like presented--that s, do you wish & general
talk on the aub jeat which would naturslly contain material that is
available and be more in the nature of review, or do you prefer a
report of sone special research work? In asking these questions 1
have in mind that you may be planning your progrem as a whole and
haeve certzin rather definite ideas as to how the discussion on dust
would f£it in with the geoneral prngram.

8inoerely yours,

K. H. Schrenk,
Chief Chemist,.
Heelth Division.

— 1 3
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THE AMERICAN PUBLIC HEALTH ASSOCIATION

Section Secretaries
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JOHN COLLINSON. M.D.
VITAL STATISTICS

JAMES LLOYD BARRON. C.E.
PUBLIC HEALTH ENGINEERING

W. J. MCCONNELL. M.D.
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ABEL WOLMAN, DR.ENG. ' JOHN A. FERRELL, M.D. LOUIS 1. DUBLIN, PH.D.
PREDIOENT CHAIRMAN OF EXECUTIVE BOARD TREASURER

EDWARD S. GODFREY, JR.. M.D. CARL E. BUCK, Dr.P.H.
PAZSIDENT-ELECT FIZLOD DIRKCTOR

/ . REGINALD M. ATWATER, M.D.
EXEKCUTIVE SECRETARY

OFFICE OF THME SECTION SECRETARY
Metropoliten Life Ins. Co.
1 Medieon Avenue

New York, N. Y.

Dr. H. H. Schrenk, Chief Chemist
Heelth Division

Centrel Experiment Station

4800 Forbes Street

Pittsburgh, Pennsylvenia

Dear Dr. Schrenk: H

Thank you very much for your letter of April Z7th.
Ve are very glad that you find it agreeeble to present & pesper during
the next annusl meeting of the Associttion at one of our sessions.

Vie had in mind a symposium for the session on Field
ilethods for Hepic Determinetion of &ir Lonteminents, and I thinx that
a paper more in the pature of & review would be prefersble. However,
if you have sometning. new, of course, we shall be only too gled to
have you present it.

I em sriting to dr. bsrnmes of the Vestinghouse
Menufacturing Company to invite him to discuss your proposed paper.

Very truly yours,

W, J. McConnell, M.D.
Secretary, Industrial Hygiene Section

April 28, 1939
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June 30, 1%39.

mis/xe
Dre. We J« MoConnoll, Secretery,
induatrial Hygiene Seatfon,
Anerioun Publio Health Assoc.,
Motropolitan Life Ins. Co.,
1 Madison Avenue, :
Hew York, Mew York.

SUBJECT: Meeting of the A, P,
K, A.

Tear Doctor ifcCounnells

I huve accepted manbership on a committee of the National
Safety Council dealing with respiratory protective equipnent, This
coanitiee is to moet at Atlautic City during the meeting of the
National Safoty Congress during the wesek of October 16 to EO,
which, as you will nota, conflicts with the meeting of the A, P. H.
A. hers in Pittsburgh.

I have suggested donday e¢s thie date for this neeting
since the A, P. H. A, does not stert until Tuesday. There is a
desire apperently to hold the meeting later in the week. Eefore
making eny definiie commitments I would appreoiete knowing, if the
information is uvailable, on what days the industrial hyglene
segsions will be held during the Pittsburgh meeting. I would
appreciete having this inforuation at your esrliest conveaionce so
thnt plans oan be made for the meeting of the committee reforred to
above.

Cordially yours,

H. II‘ &m‘nk.
Chief Chemist,.
Health Division.

P. S. As goon &8 I heur from Doctor McConnell, I shall
let you know and also comment on the list of men
whose names you iancluded in your letter of Usrch 6.

¥r Xeefer,
G M Harrington
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Deer Dr. Schrenk:

LOUIS 1. DUBLIN. PK.D.
TREASURER

CARL E. BUCK, Dr.P.H.
#1ELD DIRECTOR

OFFICE OF THE SECTION SECRETARY
Metropolitan Life Ins. Co.
1 Madison Avenue

New York, N. Y.

sUREAY OF 3>
FiTTSauRgy, ‘;IiNN

' n
JUL =% 1939

Upon receipt of your letter of June 30th,

regaraing the time schedule for the sessions of the Industrial
Hygiene Section during the annual meeting, I got in touch with
the A.P.H.A. office and found out that you asre to spesk on

Thursday, October 19th, at 9:15 A.M.

July 6, 1939

I hope that this will not conflict with the
meetings you will attend during the Nestionzl Safety Congress.

Very truly yours,

Fr—ell

K, J. McConnell, M.D.
Secretary, Industrial Hygiene Section
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THE DIRECTOR. U. S. BUREAU OF MINES
WASHINGTON, D. C. (‘

ll‘NITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF MINES

WASHINGTON October 7, 1939, .
2N
17 WU
_ Mr, H. H. Schrenk, DTN
U. 8. Bureau of Mines, \ 7 ST
4800 Yorbes Street, Nl / 2 }',

Pittsburgh, Pae

(Through D//]
Doar Mr. Schrenk:
Your manuscript entitled "Rapid Methods for
the Estimation of Air Dustiness™ has been approved for pres-
entation at the Annual Heeting of the American Public Health
Association, at Pittsburgh, October 16, 1939.’ and has been
forwarded to the Editorial Section. |

VYery truly yours,

9’6% Ao saﬂé. 5
Chief Engineer,

Information Division,
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TESTING RESPIRATORY PROTECTIVE DEVICES
by ,
H. H. Schrenk and 8. J. Pearce
ABSTRACT

The Bureau of Minss, through its spproval system, serves
as an impartial testing agency. Approval of a respirstory protec-
unmummm:f{mmmm'-puw
ninizum perforaance requirements. significance of spproval de-
pads on the suitability and thoroughness of the tests that are
applied. !hiapupor&muﬂhnthﬂuhumﬂyofthlp-
proval requirements and points out their significance. The basis
cbjective of the approval tests is to determines

| (1) If the device gives adequate [rotection for a suitedle
periacds (2) ﬂtthmmmwmtom‘;
and (3) 4f 1t is constructed of durabls and suitable materials.

To attain these cbjectives the deviocss are subjected to a
wids variety of tests which are described and explained in scae detail.
Individual parts of the davices are tested as well as the cosplete ap~
sembly. One of the most significant tests is that which pertains to
actual wearing of the devices i{n the maximm conomntration of contexi-
nant for which the devices will be spproveds This test is evidence of
the confidence that the Bureau places in devioces that 4% spproves. A
knowledgs of the spproval requirmmsnts and the prescribed field of use
of the devices should enable the user to judge whether a device will
afford satisfactory protocuqn for a particular application.
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(Contribution from the Central Experiment Staticn,
Buresu of XMines, Pittsburgh, Pa.

TESTINO RESPIRATORY PROTECTIVE IXVICESY/
by
He H. Sohrenk2/ and 8. J. Pesros)/

One phase of the Bursan of Mines work in the fisld of
health and safety is the spproval testing of a wide varisty of equip-
ment and explosives. MW,WMW1Mu A
nine locomotives, and mumercus cther types of elsctrically cperated .
mechanisms, flsme safety lmps, and respiratory protective devices
which ave used widely in the mineral industries. The Bureau of Kines
initiated its work on respirstory protective devices becauss of the
need of such devices for protection egainst harmful atmospheres in
the minersl industriese

Before any equiment can be tested for spproval or parmis~
sibility under Burean of Mines procedures, & scheduls giving the con=
ditions under which the equijment will be tested mnd the requiresenta
%0 be met must be formulated sund published.

In the reparastion of a scheduls for a respirstory protec—
tive devios, available information cn the field of use, application,
uwrmdmmm@mmum. This is

' Presented by pernission of the Director, Burean of
Mines, U. Wd’mm,uh&ﬁnﬁmﬂw‘v
Congress, m, Illinois, Oatober 9, 19L6.
Chief, Health Divisicn, Bureau of Nines, Pittsburgh, Pa.
Pe. Chemist, Health mm.tcn, Bureau of Mines, Pitteburgh,

MTC 001334



‘supplenested by research work in the laboratory. From the information
obtalned, & tentative schedule 1s prepared, based on the following

requiranentss (l)fhcdsuumtgih adeguate protaction for a
sdtadle pariods (2) 1t must be ressonadly comfortabls snd convenieat

%o wears and (3) 1% must be constructed of durable and mitable mate-
" rialse The tentative draft of the proposad approval scheduls is
‘usually sent to mamfactarers, users, and others who have knowledge
of the particular device for their ommments, criticiss; and sugges=
tioms. A fina) draft for official pablication is then prepared,
anmm:umtﬁcmmobw.

The scheduls gives in detall the conditicns under widch the
Buresu will accept a device for approval testing and the test condi-
tions to which the device will be subjectod apd which i% must pass in
order t0 receive approvale 7Ths device is approved as a unit; the ap-
proval does not apply to individual partse It is emphasised that the
tests partain chlefly to perfornnce requirenents and 10 gmneral sve
not of the nature af specifications for omstructing the devicee -
Submittal of a device is volinmtary on the part of the manufacturers

RESPIRATORY PROTECTIVE DEVICES FOR WHICH
SCHEDULES RAVE BEEW ISSUED

Momarcus types of respiratory protective devioces have been
developed for various fields of use. Thess dovices may be classified
as follows:
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¢ Contminant-resoving (air-purifying) respiratory protective
davicss, ' ,

Ae Oas masks and chemisal cartridge respiratars

 Be Disparscid respiratars (dust, fume, snd mist respiratars)e
Il. Atmosphere-supplying respirstory protective devicess

Ae Self-contained type (max ar air breathing spparatus),

Be Bose typs (supplied-air respirators—hose masks, air-lins
respiretors, and adrasive blasting hchm, hoods, and masks)e

mrmmmmmmume:mmmn
types of respirstory protective devices have bheen issued:
Schedule 24tle |

. Procedure for Establishing a List of Permissible Self-
Contained Breathing Apparatus.

Procedure for Testing Gas lasks for Permissibility.

Prooedure for Testing Snppnd-u.r Respirators for Per=
; missidbility.

mt«ummm—upomn, Pane, arxd Nist
mnm:ammnv

m:«mmwmmw- (Chemd=
mmmum)mmv.

PRETEST REQUIREMENTS

Bsfore the Buresu of Kines will wundertaks the active in-
vestigation of any respiratory protective device, the applicant must
file an applicstion that ocontainst (1) A desoription and complete
Woruu_wm; (2)ammsmnudmum
d«mmum«mmummmmmsm
suitable for a finished marketable product; (3) a statement that the
dsvice has been subjected to inspections and tests of the nature

& B EER &
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Wummm.mmnmm_mumum
tested by the applicant or his testing asgency; and (k) & statement
desoribing the nature, adequacy, and continuity of control of the

‘qmityotthonupmtmpromundtd«. A resscnsble fee is re-

quired for the tests.

The main purposs of the pretest requirements is to assure
that the device is fully developed and that the semufscturer is equipped
uzutum:mumﬁ-ummmormm«.

INSPECTION AND PERFORMAKCE REQUIREMENTS

Before the start of the Bureau perfarsance tests, the device
is inspected carefully for conformance to good mechanical and physio-
logical principles and for its comfort, safety, duradility, ease of
inspection, repair and disinfection, and general practicability.

The pretest inspection not only permits checking the device
for gensral conformance to the schedule, but also affords sn opporta-
nity for meking suggestions that would make the device mare cuterhbh
oF moTe efficient. The manufscturer can then make changes in the de-
vios before the laboratory and man tests ars condutted by the Buremn
of Mines,

The main test requirements for the varicus types of respire~
tory protective devices, except self-contained breathing spparatus, are ‘
given in the following sections. For complete details, the pertinant
schedule should be consulted.

| Gas Nasks

A gas mask is an air-purifying respiratory protective device

ocnsisting of a facepiece, flaexible Dreathing tube, carrying harness,
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Dispersoid Respiratars

A dispersoid respirator is an air-purifying respiratory
protective device conslisting of a half faoceplecs to which 1s attached
one or more filter elments that ramove dispersoids (dut-,huu,
or nists) from the inspired air of the wearer by physiosl trapping en
the fibrous material of the filter. It offers no protection sgainst
gases or vapors or atmospheres deficient in oxygente

The main items to be conaidered in the spproval testing of
a dispersoid respirator are efficiency and capacity of the filter,
fecepliece fit, and resistance to inhalaticn and exhalation, The
mumgmmm-morummmm
their ability to remove the disperscids efficiently for an adequate
period before resistance to inhalation becomes excessive and the
sbility of the facepieos to fit a wide variety of facial shapes sndt
sises.

A controlled conoentration of the test dispersoid $s dram
tirough the respirator at a rate of 32 liters per aimte. Any of the
dispersoid that leaks through the filter is collected by mamns of an
olnctricpx'ocipitltor.lndwollount1.'ldltorlinﬂlb:"'lidﬂ.ngorh'~
chanical analysis. The maximum allowabls leakage is based on the
safe or permissible limit for each test dispersoid; that is, the
1sakage shall not exceed the smount considered safe to hrsathe. For
exmple, in testing a memoooniosis-producing or nuisance dust
respirator, silics dust at a nmminal concentration of S0 milligrems
per cabig meter (representing & high dust concentration) is pulled
through the respirator at a rate of 32 liters per minute far 50

12
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.nmtu. The zaximm lsakage permitied is en aversge of 1 milligram
per oublc meter of air. This valus has been oorrelated with the
socepted permissible liutt for silica dust expressed as willions of
~ particles per cubic foot for an 8-howr working day. In the second
test a nominal dust concentration of S milligrams per cubioc meter
(represonting a moderate dust concsctration) is used, and the test is
otnducted wntil 10 oubis meters of air (volmme breathed in an 8-hour
working day) bave been pullsd through the respirator. The maximus
leakage parmittad is an average of 1 milligram per cubic meter of air.
These tests give information oo the efficacy of the respirator sgainst
high and low concentrations of dust for short and long pericds. The
- mummnaWuuuwmmmSmum-
mately 150 milligrems) with a dust load of this magnituds the resis-
tance at a flow of 85 liters per mimte xust not exceed 2 inches of’
water. The resistance for these devices is lower thmn for gas masks
becmise they are used routinely and for long pariode of time whereas
gAs masks are ususlly used for emergency purposes or for shord periodse
mmmumw.mmmmunmn
cublc meter is used, and the maximue leakage peraitted is 0,15 milli-
grm per cubls meter, which is the maximum allowable lintit for lesd
'nnnnymtordmmdq. Similar tests are com=
duoted to check efficiency against chromic acdd and silica mists sad
_ against fume produced by buming lesd.

© The facepiece of the respirstor is tried on many persms |
having & wide variety of facial shapes and sizes. If the reospirator - -
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seems 0 £1t the test subjects, it is tested further by blowing air
containing & kigh concsutration of coal dust toward the respirstor
when worn by three subjects representing lesn, average, and full
- types of faces. If &t fits properly, there is & shaerp line of de=
marcation at the point of contact of the faceplecs with the faze.
Any leaksge around the edge of the facepiece is Indicated by dust
stresks id & deposit of dust in the nostrils. |
Bose-Type Supplied-its Beopiratore
_ A hose~type supplisd-air respirator is an atmosphere-
mm‘ﬁtmmmuawaunﬁ.
source that is cutsids the contsminated region. These respirators
include the devices ccmmcnly referred to as hose masks, air-line
respirators, and abresive blasting helnets and hoodss
AS qurh ator (Hose ask _
Awptnppmww«mﬂmm.ct
a tight-fitting full fucepieos, breathing tube o tubes, a harness,
lmrmvd;hutdmmhonnm,lﬁdahm-
oparated blowsr. These devices are sturdily constructed as they are
designed to be warn in atmospheres izmediately dangercus to 1ife snd
to afford protection against all types of atmospheric contaminants
and atmospheres deficient in oxygem.
M.-mwmm«nmu‘mmt«-
formation whan & force of 200 pounds is applied betwesn two planes
3 inches wide on opposite sides of the hose. This test simulates &
heavy man stepping on the hose. The hose and couplings must not show
ay separation or failure when tested with & pull of 250 poundse

i}
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September 20, 1946  hbs/rd

¥r. D. Harrington, Chief
Health and Safety Branch
' Washington 25, D. C.

SUBJECT: Manuscript
Dear Mr. Harringtont )

L]
I am attaching hereto two copies of the manuscript ;ngtt;: eg:::ing
Respiratory Protective Devices" which has been retyped to include ' rial
changes made on this reporte.

- Yours very truly,

H. H. SCHRENK

Encl. SR (/W
cc )ﬂ;;

September 20, 19L6 bhs/rd

Mr. W. Dean Kesfer, General Chairman .
ASSE-Enginesring 8ection

Hational Safety Council

20 North Wacker Drive

Chicago 6, Illinois -

SUBJECT: Manuscript
Dear Mr. Keefer: .

I am attaching hereto a copy of a manuscript which we plan to present
at the National Safety Congress in Chiocago on October §., This manuscript gives
the points which will be covered. However, in the actual presentation slides

and movies will bs used to cover the points rather than to give a simple
description as is given in the manusoript.

Yrmra wvarv ¢twnlv. MTC 001341
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April ‘1, 1949  ibd/rd

‘.‘o Je Je For‘bel, Ohief . ) ‘ o
Health and Safety Division : : . R ‘ :
Bureau of Mines

Washingten 25, D. G. | | | &il’//ﬁ )

Dear llr. Parbeu

: Ian enclosing herewith five copies of a paper prepamd by .
Mr. Harmon on the subject of dust sampling and control for presenta=-
tion before the New River Distrioct 8S8afety Committse, Mount Hope,

West Virginia, on April 13, 1949, As Mr, Harmon did not have suffi-
cient notice of this assignment, the requested four weeks for ap-
proval cannot be cbserved in this case, It will be appreciated,
therefore, if special attention can be given to Mr. Harmon's paper
in order that it is approved prior to April 13,

I have nad thia peper and diacusaed it with Wr. Harnon
and consider it an excellent presentation of many practical factl
regarding the dust problem, especially in consideration of the
short time that was available to Mr. Harmon to prepare it.

It ia suggested that notice of thn spproval be sent t-o
Mr, Rarmon at lonnt Bope.

!oura very trnly,

L. B. BERGER
Encl,
L ]
oo Mr. Berger ‘ "1
co _Miss Stenger -
2) Flles

R 4@

. L4
o N e o
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DUST SAMPLING AND CONTROL

John P, Harmon

»

Health Branch

Report No. 3276-B:641
Problem Noe. PB~119
April 1, 1919
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DUS? SAMPLINC AND CITRTA,
By

John Pe Harmon
"~ Abotract of & talk to be civen on Al 13, L9, to mmbes

of the Yew Niver Districh Safety Cumsitbee, Moww Ropeg We Vae

A historical basicaound of pnewsooonioxds is given vhiich &0

followod by @ dovcription of how tim tentative nexisum allowable oane
ommtrations for various toxic subetanoes have been establisted.
Varioun dust secpling mothods sre demonstruted and offestive, ofe
ficlent control mothods for use in coal mines are deseribode The
effoctivencss of wetiing a;ent in wetting goal dusty Ath water,
$s domrniratade
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Camtribution from the Contral Experimmt Station,
( Pitteburgh, Pemaylvania)

DIE? SAPLIIG AND C(HIROL

By
Scban Po Barmced/

IR L) St e S
Oemtlemans X have beon acked to spoak to you Sodiy an the pubject of
duste I plan to describo the carly histary of pnemmsooniosis, which
itarolly moaw dust on the Lmge I will descride low certain tentos
tive acciem allowehle eoncentrations have been established and then
dosoribo a mmbar of durt sumpling mothodss This 48 prelisinery te
unommawmm. |
. Preiistoris oen robadly was thn first to expariance effects
of treathing dust to the point that produced pulmonsay trculles Pllos
of flint chipe have beon found ab carp Gites of prohiztoric Dndime
indicating that arrow heads snd the 1ile wore manfactured ot thooe
pointse In all prubebility, oertain of those pecple wore prrtiowlarly
skilled in their nangactwre and spent mowt of thoir tine pivducing
them, Collis roporto, as late as 1714, that flint lmappaers ia
Inglamd who £till use tools similar in shupe to dewhorn ploks of
thaly anoostars suffer & terrible mortality from phithisis m-d'w
£lint dast generated in their works

1/ iining Tngineor, Health Dranch, Buresu of Minea Cemtrul Exporiment
Ration, Pittoburph, Pae :
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, Ona thoory ws that lonz disesso oontractod above growd
deponded upon climatic oonditicns as influenced y the rays of the
sturse Jimilarly, pulasonuy diseass of sines undargroud sas omuved
by mimeral rayse However, & Swiss alchemist philoscpidcally reminded
his roaders thate

% heod mtals end, tharefore, we mist risk 1ife

ad hoslth for tha, sinos everywhere in mature

good and ovil lie tozethers As the croosdile

distressos and kills men by his tresth, likexdse

also the vapors (£ine dust?) of mich wetdls kKi1)

e @ # @ The erganiss must ba [wevanted frem

oming in contact with the meta) emanatices Lo

ﬂwmhmmﬂmhmmﬂ-

Prona, in 161, was the first to discuss in detaid inng
direanss of xinss aat the asthma of grain meamarerse M 1645 Ve
Dlemortrock was roported t0 have made the Lirst sectim of & stone=
couttarts long vhich, in a case of fatal astimay revialad *lung
vasicles corplotely clogied with fine dustds as quoted by Lesmsaini,
ho foud such hesps of eand that in ruming the mife tixowh the
pulnorery veaiales he thoughd he was cutilng scme sundy bodye

 From the above refavmoss you are amare that men in the
minaral industey have for a leng tize undesstood thad a hasmd dsd
wxist dus %9 Ireathing dust even though they did not quite understend
1%
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Tha firet investigation of eiliooeis in the minora) induwstry
in the United States waz nade in 19015 by the Us Se Burecu of Mnes
i1 cooperation xith the Us Be Aublie Hoalth Servics in the dplin,
- Miseowrd, mining dlstricte Othar work of similar nstce was dome during
supoeading yours ab verious motal ainsse ‘e Ue 85 Public lisalth Segw
vios investigated smtinraco-0ilicoals mong hard eocl minas and pube
Ushed Pidis Nealth Servics Bulletdn 221 which desuribes thedr
findingse The Us Se¢ Publis Health Serviom investigabed saft conld
minws hoadth ot working eaviresseent in 25lde Publis Hoalth Sorvice
Ellatin 279 desaridas tholr findingse

Control messurce in motal mines were started adout 1520 and
are now gonerally acceptode Control in cosl mines, howewer'y started
&bout 20 yom's later md 18 oot s0 wll wierstood ind less progress
towaxd oontrol has beon wades _

A sadhoed of the Dealth and Safety Divisimm of the Bureau of
Minoe &9 lava &8 the lisalth Drunche The Smction of the fnadth Dreanch
ammwmuumm@nmumm
infustey and recosendd neasgres Lo abatenant or oatrol of whypiaiie
o wsafe coaditionse A mamber of valamable publications have beem
made available desling ¥ith tho durt prodlame Pechisps the most
genaral publication ont the subject 18 Bullatia 400 entitled “leoview
of Lizerataro on Rffosts of Breathing Dush with Spocisl Nefmrence to
84ll008ise® Othor publicutions aye availuble, wow of vhich e o -
gy deosk for yorr tnwention lators The Houlth Branch i3 further sube
divided into the Jas ’‘aalyson Soctim, tutre the gan exples that are
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taken by the Coal Nine Imspecticn Pranch are snalysods The Respiretes
WWM“WWW&MWQ
respirstors that mss stringend requirecentse The Dust end Fume Comtrol
Sectim investigates the mosnce nd cmomtraticn of thees ooctmxinante
in the uineral infustry and malns yrecomandations for their control whan
1% s folt that s hasard to health 48 inwolvede Tho Mine Vendilation
Beotion ssalyses ventilation sd sir conditioaing probless in mines for
the banafit of the indastrye Ancther seatlon detertrines the hemiod
oconposition and charecteristics of mine drainagee

mmm.wawmm%un
visdt nining plants to calo an anelysis of the conamtreticia of the
dust to vhich nen might bo exposad and will made rooarnadations for
thelr omtrol, here nocossarys

Hatwmrally, tha oparatae should Le interestod in thwe conomtro=
tin of dust to stich kis nea nxy be aposad for an O=hour wxposure,
diy in and day out, vdthout affecting thedr physiond conditime After
axtawive vork by phyicians ad onginoars certain Lemative staderds
for We maximn allovarle coocentration have beon cotoidished forr may
texis substancess In cool mines whare the silica contend is low, the
latart information sots this tantative staniad for mxbmm allowdhle
conosatratio for an Sehour exposure ab 20,000,000 particles of dust
pos ado foot of alr and at oo time should the conoentration axmeed
10,000,000 particles por cubic foob of aire For hishly silioeous
naterial the average conoontrution sould not exceod 5,000,000 particles
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per obio foot of gir for aa Sdour apomce, Fe &re furthor intwosted
in the sise of thess particles and are only isterwatal in those yenging
in sise from ) 0 10 micronse Uhils theoo limits have nod bean
definitely sotablished, 48 i3 bolisved that the particles in tids wise
renge are the cnas that can be inhaled and retainod by the Lungee
larger particles are saught in the wppor ruspiratary tract while the
mellar sims are eshalade A xicron, as you msy inocine, in & small
mit of meoswre d is equivalend %0 1/25,100 of w inche Sudh
perticles ave not visible to the naled eywe ‘

The oonommtratim wvalues that have beem outlined ubove ceem
large and 4t mxy oo to you that a sampling method far detormining
theos omomtrations sight Le wery corplexts Mmm'ous sapling dovices
have bomn buddd and usad for deternining omoentration of dust in the
&ire I haw here & supling davice lnown & & Kmisctere Thds device
15 wiad extanrivaly in South African iinee and Canadim mctul mines
for soapling dusd concantrations where thr ooncentrution is relatively
lowe A maple i teken by ompressing @ epring that socuztos s plunger
which, when released, dross a measmwed volimo of air tireugh this seald
orifics and the dust in the atr iapinges against and is collocted om
thie plate, the bottom wide of shich is ocsted with an adhonives
Thirty saples oan be collagtod on one plates Lator, tha plate is
mm.ummmmmmmtuwm@'
lacted mre cowntads From the maaber of purticles oollectad m the
ﬂummmammwmauaurm&w-&u
fook of elr may be detormingds
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Po 7

In the United Statas this devico, knows as the idgeb fapinger,
48 usod for determiaing dust coneartrations. As you will note, & e
qylindes vaormum purp is opersted by & hand erenke mmhn
" adjusted as to draw 1/30 of & cubds fook of alr per Rimite thwough the
orifioe in this omtral tube md the durd ard the air imptigs en the
botton of the flask which is covered with alochel in which the cust &
atveppede Hhile the swyile 18 being takmn an scourste reccad of the
Qlrposd time is made 5o that the valmes of air that passes through the
flosk ooy be determinede In the early dayw of tho development of tho
drpinge vhon woter was used 4n the impinger flastk 8 was found thad .
very raall silics particles whore dissolvol hen tho sample was sllowsd
to stand for several days of woekSe For thot reaon we now uwse alechol
rather than water becauss silica s not soluble in alachols

Aftar the sanple has been collacted with the midzot tapinger,
it ia retumed t0 the laboratory shere 48 $3 axmxined under a miaro=
goope and the particles {n a noammed porticon of the 1iquid are coumtede
Prom the dust that hes bosan collectod md the volmmo of air sasplod
the ancartration nay be datersincds ' '

Appracimate deterninations of the silica content of the air
botny dust oy do deterwined fron the ssae impinger seple Ly axsxining
the dust particles under & petrogrephis @icToscopes This frocedure is
tedions and 18 Jose aocwrate then other metheds for the detarminatisa
of silics content tub At is the only mothod that we have available et
the procont $ing for vae fn ooal minese
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The reanong that we uss the impinger method reties than pome
other more pertable devies are that wmfortimately vuriews saplisg
methods oot be qorrelated ono with the other, and Ahat beowaoe the
. Publles Heclth Servios hus carvelated thetr pystslogloal findings with
impdnger pesplos, {4 soems desiruble that me should eocndimee collamching
saplon in this mmnors Furthamors, the Lmdnoar is an efficioat dust
sewlere | |

The resoons for collscting dust sxles nres (1) Te debermine
the dust conoowbraticn, tO Soe whether of not & beclth hasmd ecista,
I£ & health hasmd doss exist omtrol meatnaes can then be rocommendede
(2) After carirol measwes have been installsd, thoir effectivenses
e be evalunted and 8 chock oan Le nade on their offisimaye

ASr bame dust is vory difficsult 40 control 30 44 behooves
w $0 jrovent dust from beconlng alr borne vhergver poasibloe Yeatilae
tiom 18 effective in comtrolling dust at & working place bub the
partionlato amiter thad is emried szay by a ventilating ourrontis
sprond to other waking plaoes vhere others are exposed or 46 may b
daposited along the haulagewuyse Doth of thess are objestimmbdles
Variow omstrol moamaes have boon sugzestod) these include hoods, dash
ez, wd olecirio jresipitators, to amticn & fews ALl of those @e
offective vhen proparly tnstalled vut 1t wuld sea to ms that in may
aazan thoir application 48 Srgracticol for wndergromd opernticne I
has recently oams to Ry atbention that one metal uine is axperianting
wth m elockrostatic ;recipitator far eontrolling dust wdmgrowds I
dodt if the co9h and potentiad pased;nitim hasard involwved with aa
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160 UNITED STATES Place_ Pittatmrgh, Pra____ -

ievised January, 1948) DEPARTMENT OF THE INTERIOR .

' S BUREAU OF MINES Date__Aprdl 1, 30h9 _ _ __
.3 wn -3 & Qi/ : .

MANUSCRIPT FOR APPROVAL

EMORANDUM FRON:_ __ Lo Bo Berger = _ _ Acting Chief, Health Branch __
(Name ) . {Title)
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TEACUGH: Tr. A. U, iiiller. \

Dear ¥r. Ecrmon:

Attocked 135 an cporoved cony ef your perers, "Dast Sawrling and
Control® thcot yon nrosose to precent before the Nev River District
Scfety Comnittee ot Mi. liome, fest Virginia on Jpril 13, 10h9,

I2 you nrepzare si=ileor menuserinta in the future, it 1o nceesnary
thzt you cllov ua nore tine for review apd wrocessisg then you did in
tzis lustoaes,

Yery truly gours,

& & EOBEES

J. J. 703373, Chief,
Hezlth ond Safety Division,

Encl,

cc - Mr, Forbes - u45)2--
Mr. Berger b/gﬁhurgh, Pa.

lr. Sloman - %326 b
Files _/ﬁ v
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MINZERAL INDUSTAY SURYEYS oo,
P N
" Rl P
E 8 U.S. DEPARTMENT OF THE INTERICR H "»"‘\.' %l
g @ BUREAU OF MINES ’:t;‘;"]
e WASHINGTON, D C 20240 op s

Stewart L. Udall, Secretary Earl T. Hayes, Acting Director

Ashectos, Anpual

ASBESTOS I 1907

Reduced constructicn activity in 1767 resulted in a lecrease in asbestos pro-
duction, according to the Bureau of Mines, U.S. Departmen: of tie Interiu.. OQutput
dropped 2 percent from the record high of 1966. California continued as the leadiag
producing State but output was 6 percent below the previous year. In Canada, the
world leadirz producer. production registered a j-percent decrease. lomports of
amosite and crocidolite {rom the Republic of South Africa, the principal supplier,
was less than half the 1236 receipts. whereas exports of asbestos manufactured
products rose 8 percent. )

Three producers in Arizona contributed to output which was 14 percent less than
in 1966. Asbestos was produced by the Asbescos Manufacturing Co. at the Phillips
mine; Jaquays Mining Corp. at the Chrysotile mine; and Metate Asbestus Corp. at the
Lucky Seven mine, all in Gila County.

. Chrysotile asbestos production ian California fell 6 pcrcen- and came from
Atlas Minerals Corp. Santa Cruz mine {n Fresno County; Coalinga Asbestos Co.
Coalinga mine ir Fresno Couaty; Pacific Asbestos Corp. Pacific Asbestos mine in
Calaveras County; and Union Carbide Corp. Joe No. 5 mine in San Benitc County.

Production of anthopi.;iiiza at the Burneville mine in Yancy County, North
Carolina, owned by Powhatan Mining I» , declined 5 percenc. Vermont, where cutput
came fro.: the Lowell mine, unear Hyde Park, was the only State to record incraased
production--6 percent greater than in 1966.

PR

Prepared June .-, L-'v3, ov L.miin C. May, Pavsicdl seleatist,03-357-1370
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Cnired States:
Production (saiest==s=s-=----== sharl tons-- 125 %2¢% 122,130
Valye=-=-~=~ems=-somocmone -er} 311,750 $11,1C2
Exports an? tecxporis (omrmanufacrured)
shars tons-- MR RIS ZT,7:8
Value~-~=~--- eetes sececoe-- thousandse~-- $5,783 $a,025
Exports and reexporis of astestos products-
(value) thousands--- $21.953 823,727
lmports for comsumption (unmanufaccured)
short tons-- 726,452 645,112
Values~vovoamceoceconeocncons thousands--- $73,100 $65,743
Consumption, apparent l/------- short tons-- 835,391 720,583
World: Production------<ccccccccmce- doe=-===~| 3,359,722 NA

RA No: available

1/ Measured by quantity prcduced, plus {rports, aigus c.dorts.

The U.S. Deparcment of Azriculture icvited U.S. firms to submit barter
offers to deliver chrysotile asbestos, valued ac approximately $4.5 millica,
to India for the Agency for International Development. Successiul offerors
furnished asbestos to India and received payment in eligible agricultural
commodities from Commodity Corporation stocks. The agricultural commodities
will be exported to eligible barter destinacions. Proceeds from the sale of
the agricultural comrodities abroad were used to pay for the asbestos while
AlID dollars were paid to CCC, thus helping ta reduce che outflow of U.S. dollars.

General Services Administration disposed of 110.44 short tons of sub~
specification chrysotile from the Defense Production Act inventory inm 1967. 1Ia
addition, 300 tons of amesite and 150 tons of crocidolite obtained under the
barter program were sold.

Under Presidential aczion asbestos imports from Southern Rhodesis were
barred after Decemher 12, 1365, The decree also banned dealings adbroad (o these
products by American and Rhodes.an subsidiaries of U.S. firms.

The stockpile position for asbestos as of December 3I, 1967, i{s showm {a
Table 2.

-2
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TABLE 2.--Stockpile objective and Goverament
inventories as of December 31, 1967

(Shore tons)

Com=
medity Defense
Credit Produc=-
Stockplle Supple~- | Corpora=- tion
ob jective National | mental tion Act Total
Amosite--=-=--~=--- 4 40,000 11,705 54,100 ——ae c——— 65,805
Chrysotile----=~--~ 4 13,700 6,073 4,383 ———- ——-- 10,456
Subspecification- None 152 3,193 PR PR, 5,228
Crocidolite=-=~=-- . None 1,565 46,696 -—- - 48,261

|

Apparent consumption of asbestos totaled 721,000 tous, ll percent less
than the record high of 1966. Chrysotile asbestos accounted for 96 percent of
the total consumed, crocidolite 2 percent, and amosite Z perceat. U.S. mines
supplied nearly 17 percent of total consumption. The principal markets for
asbestos are in the building and comnstruction industries; and the largest demand
continued to be for use ia the manufacture of aibestos cement products. Aabestos
is also used in the manufacture of friction materials, gaskets, textiles, plastics, .
paints, roof coating, caulking, aud nwserous miscellaneous items,

Total imports for consumption of asbestos in 1967 was 11 percent less than
in 1966. Imports of amosite and crocidolite from Republic of South Africa
decreased 48 and 45 percent, respectively,

Exports of manufactured products in 1967 increased 8 perceat over those of
1966. Canada accounted for 36 percent of the total.

-3a
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TABLE 3.--U.S. imports for consumption of asbestos (uamacufactuzel),
by classes and countries

Crude (in- Textile All other Tozal
cluding blue fiber ‘
fiber
Year and couctry Short | Value | Short | value Shorz | Value | Short § Value
tons i(thou- | tons (thou- tons |(thou- | tous |(thou-
_sands) sands) sands) sands)
1966:
Australig-=ve-s-ccrcococnnn 300 $61 ccecel wecec|  mecea] eo-e. 300 set
Boliviaeas-eoomccaomcacecon 3 2} eemee] ccmec] cseca} eeeoo 3 2
Canada-<+---vcoccoameconucon 151 59 } 16,30% $6,132 | 637,648 555,248/ 54,108 61,439
Pinlandee~---ecc-ccceomonan 98 4 cemas| eece= 2,465 139] 2,563 143
India-ceecececmcacecocnnen" 2 1 mmeol ceow- csseal ceeeaa 2 1
Italy==-ceccncccoccanccccn= cacas | ememe | ccee- .- 4 S 4 5
Mozambique=-----=-- cecocscon 308 57 25 21 122 25 455 103
Portugale-c-ccccecccnccncan] comen | oceo- cmece] eeean 10 1 10 1
fhodesige---==ccccccccnccan 445 69 meves| —eosw 135 69 580 138
South Africa, Republic of 2456,32% ! 9,844 530 131 5,111 801} 62,570] 10,776
U.S.S.R. ecmecrecccccccaena rocee | cames conmsl cecan 98 20 98 20
Yugoslevia-=---ccec-ceccccan 3,629 153 813 35 comanl ace=sl 4,442 183
Zambig---cocuceccnccaccen-a 1,324 224 weemal sown= cmean] aeee~ 1,324 224
Totalemcomonenncranana 63,189 {10,473 | 17,677 6,319 654,593 56,308 726,459} 73,100
1967:
Bolivig-enreencvoccrancaeaa. o cemen | ceena cemne| caeme 3 3 3 3
Canadgec-c-v-vccmmcccacecno 6,966 | 1,246 { 15,063 5,745 | 579,953 | 52,174{60%.982| 59,165
Finlandes=e=-ocvmcoocccocan 662 26 cemen| cceee 2,585 166] 3,247 192
Franceec-ce--on- cemecocnas -- 15 | 2 15 2
Italyscece-scccesecnconen 1 1 csece| emee= 6 7 ? 8
Mozambique------ cemmmecacca 250 , 32 250 32
Portugalec~ve-concrcconcon. ceese | wecas mane | cocee 59 6 39 (]
Thodesig-=sec--romcocanan-a- 420 68 75 26| 4,956 175{ 5,451 865
South Africa, Republic of 2429,318 | 5,081 17 3 1,280 255§ 30,618( 3,339
Tugoslavig=-c-c-ccea- cevcoce | ancua el 827 30 2,656 971 3,483 122 . -
Totaleememsoeocuoncens 37,632 | 6,456 | 15,382 5,804 | 591,498 | 53,483645,112 | 65,743
Less thsn § unit.
Dats reported by the Bureau of the Census have been adjusted
by the Bureau of Mines.
[/
| J
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TABLE 4.-=U.S. imports for consumption of asbestos, from specified countriess, by grades nw
: ! (]
W {Short tons) o
(&)
1966 1967 -
=
Grade Republic fepublic
Canada Rhodesis of South | Canada Rhodesia of South
Africa L/ Africa 1/
, Chrysotile:
I (rudeg----~--memecccecmamcnecnnd 151 m 445 6,000 6,966 420 1,843
, Spinning and textilese--e=------ 16,309 w - 530 15,06] 75 17
All other=me=-e=--cc-ce-cveccaaad 637,648 135 5,111 |579,95) 4,956 1,280
Crocidolite (blue)-==eececaecaumand] —-- --- 26,995 -e= . 14,917
Anps Lbgm=eacemcamemccccncocrscnnan -, ——- 24,934 - -—- 12,558
Totaleeeecccecacnaauea] 654,108 580 62,570 [601,982 5,451 30,615

1/ Data reported by the Burcau of the Census have been adjusted by the Bureau of Mines.

TABLE 5.--exports and reexports of asbestos

1966 1967
Product Value Value
Quantit thousand 5
TTTITE Y. ( nds) Quantity (thousands)
N Unman:factured:
Crude and spinning fibers short tong=~=~- 1,631 $355 1,116 $290
Nonsplnning fibers=m--~=emesame cceadom==e-= 28,147 3,994 26,709 4,043
. Waste and refuse-~~-e~-scmcaccaccandoema- 17,218 1,414 : 19,893 1,692
Total unmanufacturedec-cocccceeno-. 46,996 5,763 47,718 6,025
V
,
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SAILEI t,e-"itiia TTlrow savec s
oo tozs
Gracze I 1304 17 z
Quede:: :
Cooie Nz, 1. 2. &2 :L:e:---»----j 1 1)
w:lles gooos: :
3 {spimmingie==s-c--sssesosssoooae 2% 351
o (shinple’ e==eeccmemmecercnooo 336,558
5 (paper! ~essovescoosemomoeo— ad 155,450
t {stucsd)e———=----s-seosmemers - 244 021
7 (Tefusel——m——=cmscommemssmemes ey 550,087
8 (sand) - - i . 7,143
Seviouadland, Dorario, &d Britisk , ;
Columbin— L 138,288 ! 154,345
Totai 41l Fraies———vomeces; 1,479,281 t 1,663,012
1/ Included wizt grep 3
Source: Domizioe 3creau of Statistics.
IARLE 7.--World productiax of asbestos
{Short toms)
Countre i 1966 | 1967
Caaada (sales) o 1,479,281 1,443,011
Duited States (sold or used by
producers) 125,928 123,199
Zsxope:
rinland 13,250 13,000
Prance / 7.720 1 } * %
Italy : 90,464 i 110,900
T.S.5.%. e/ i $25,000 H 988,000
Asia:
China e/ 150,000 170,800
Cypres 26,549 24,000
Japaa 21,4628 m
Africa:
Southern Ehodesia— ! 175,000 =
Somth Africa, Republic pfee———oee—em) 276,597 220,000
Swaziland 3,142 42,000
Oceania:
astralia ~— 13,467 : 5»
Others 20,300 L =
Sorld votal (estimate)—=: 3,359,000 : | Y
p/ Preiimizary. TA ot arailiadle,
[
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3.1 Johns-Manville Corporation
< Greenwood Plaza

Denver, Colorado 80217
. (303) 770-1000

December 19, 1972

Director
Bureau o ines

Washington, D. C. 20240

Gentlemen:

We are responding on behalf of Johns-Manville Corporation

to the Department of the Interior's proposed Asbestos Dust .
& Standard-as published in the Federal Register on November 7
1972 (Hereinafter referred to as the "Proposal"”).
The Proposal indicates that interested parties may submit
written comments, suggestions or objections to the Director
regarding this Proposal. Various subsidiaries of Johns-
Manville Corporation are substantially engaged in the
.mining, and milling of asbestos and the manufacture of
numerous products containing asbestos and are, thereiore,
vitally interested in the final outcome of this Proposal.
It is the purpose of this letter to present our comments
and objections to the Proposal.

It is impossible for us to understand the justification for
imposing a standard of exposure to asbestos dust in coal
mining, on a time-weighted average basis, of two fibers

per cubic centimeter of air, when such a standard 1s
obvxously not warranted on several grounds.

To the best of our knowledge, little use, if any, is made

of asbestos in coal mining operations and, therefore,

coal miners obviously have an insignificant, if any, ex--.

posure to asbestos dust. Coal industry sources have

advised us that the only use of asbestos or products

containing asbestos in the coal industry is the use of

asbestos cloths for the lining of strip mining shovels Y,
during repair work. Only a limited number of maintcnance {
personnel could be exposed to asbestos dust under these : (
circumstances and then only on an intermittent basis.

As the Secretary of the Interior and the Secretary of Health,
Education and Welfare must be aware, the Secretary of Labor, -
on June 7, 1972, promulgated a permanent standard for

PRODUCED
M-8
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exposure to asbestos dust under the Occupational Safety
and Health Act. That Act applies to virtually every
work place in the country, although it does not apply

to mining operations. A five-fiber standard has been
promulgated under OSHA and covers operations throughout
the country where employees are exposed to asbestos dust
on a constant basis.

Section 101(d) of the Federal Coal Mine Health and Safety
Act of 1969 states in part:

"The Secretary of Health, Education and
Welfare shall, in accordance with the
procedures set forth in this section,
develop and revise, as may be appropriate,
improved mandatory health standards for
the protection of life and the prevention
of occunational diseases of miners.
(Emphasis supplied). :

If the Department of Labor did not determine that it was
necessary to immediately adopt a two-fiber standard under
OSHA for the "protection of life"” and the "prevention of
occupational diseases" in work situations where employees .
may be exposed to asbestos dust on a constant basis and

in significantly greater quantities, than in coal mining,
how then can it be justified in coal mining where the - ’
exposure to asbestos is minimal and certainly not constant?

Pursuant to Section 6(b) (5) of the Occupational, Safety
and Health Act, the Secretary of Labor in promulgating
a standard for exposure to asbestos dust is obligated

to:

®" .... set the standard which most adequately
assures, to the extent feasible, on the basis
of the best available evidence, that no em-
ployee will suffer material impairment of
health or functional capacity even if such
employee has regular exposure to the hazard
dealt with by such standard for the period
of his working life." : :

The statutory requirement with which the OSHA standard must
comply is substantially more stringent than the statutory
requirement governing the Secretary of Health, Education-
and Welfare in the instant case, yet the Secretary of

Labor determined that an immediate five-fiber standard

3 - 83
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would meet this more stringent statutory requirement.
How then can a lower standard be justified in an industry
where the exposure and hazard are substantially less?

Section 101(d) of the Federal Coal Mine Health and Safety
Act of 1969 requires all mandatory health standards to

"be based upon research, demonstrations, experiments and
such other information as may be appropriate." We can
only assume that the Secretary of Health, Education and
Welfare is relying primarily, if not solely, on the NIOSH
Criteria Package on asbestos, the recommendations of which
' Were rejected by the Secretary of Labor. Section 101(d)
further requires the Secretary of Health, Education and
Welfare to consider experience gained under this and other
health statutes. Therefore, the rejection of a two-fiber
standard by the Secretary of Labor as an immediate-
standard and the record therein should be carefully
reviewed in the instant case.

The Secretary of Labor was faced with a difficult task

in view of the conflict in the medical evidence available.
- Scrutiny of the record of the OSHA hearings in March 1972
on this standard indicates that there was a head-on clash
of medical expertise as to the most adequate standard for
exposure to asbestos dust. However, there was substantial
evidence in the record of those proceedings to support
and justify a five~fiber standard.

A five-fiber standard was recommended in the testimony

of Dr. Stephen Holmes, Asbestosis Research Council, England;
Dr. George Wright, head of the Division of Medical Research
in the Department of Medicine of St. Luke's Hospital,
Cleveland, Onio; Dr. H. Corbett McDonald, Chairman of the
Department of Epidemiology and Health, McGill University,
Montreal, Canada; and the statement submitted by Dr.

Hans Weill, Professor of Medicine, Tulane University,
School of Medicine, New Orleans, Louisiana. Copies of this
testimony are attached to our comments for careful review
by the Secretary of the Interior and Secretary of Health,
Education and Welfare. On the basis of this testimony,

it is clear that the Secretary of Labor was on flrm ground
in promulgating a five-fiber standard.

Although lndustry strongly urged the promulgation of a
five-fiber standard, we were aware of the conflict in

medical opinion as to the level below which no excess of
disease will occur. However, the Secretary of Labor resolved
this conflict in the favor of the health of employees by

FicODUCED
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promulgating a five-fiber standard until July 1, 1976. The
conflict was certainly a difficult one to resolve since

due to the long lapse of time from the onset of exposure

to the manifestations of disease, we are now only first
harvesting disease resulting from exposure to asbestos

dust twenty to forty years ago. Although we have no
accurate records of the levels of exposures in those days,
‘'we do know now that they were greatly in excess of current
levels. -

Medical authorities will agree that the health effects of
asbestos inhalation are both dose and lapse - time related.
It is very difficult to imagine that the relatively minute
exposures by coal miners to asbestos can or will cause an
excess incidence of disease., We are not aware of any
evidence of excess disease occurring in the coal mining
industry as a result of exposures to asbestos or even of
the existence of any high or constant exposure to asbestos.

The Secretary of Labor did indicate that "so long as

the ceiling limit is complied with, no harm is reasonably
expected to result from exposures during the transitional
period."™ The ceiling concentration limit promulgated by
OSHA states:

"No employee shall be exposed at any time
" to airborne concentrations of ashestos
fibers in excess of 10 fibers, longer
. than 5 micrometers, per cubic centi-
meter of air, as determined by the
method prescribed in paragraph (e) of
this section.” 29 C.F.R. 1910.93a(b) (3).

. There are many in the medical profession who believe that
the high peak exposures to asbestos dust are of substantial
concern and should be lowered to ten fibers/cc. However,
the time-weighted average exposure of five fibers/cc is
adequate, based on the attached testimony, to protect
employees. As Dr. Holmes pointed out in his testimony,

the evidence seems to indicate that more importance should
be given to peak exposures in evaluating disease potential
than to time-weighted averages. ‘

In addition, any exposure to asbestos dust by coal miners
in strip mining operations is quite different from the
exposure of employees in manufacturing and fabricating
operations covered by OSHA, where many exposures, over

4 ~ PRODUCED
M- 83

P | ~ MTC 001364



-

the years, have occurred in confined spaces without adequate
ventilation. Exposures to asbestos in strip coal mining

must be minimized to a great extent by its dilution with

the ambient -air. One must recognize the obvious differences .
in the exposure and working conditions in strip ccal mining
as compared with manufacturing and fabricating industries.

Finally, it must be recognized that different industries,
and the varying degrees of exposure to asbestos dust
therein, may properly justify different standards of ex-
posure. What is appropriate in one setting may not be
appropriate in another. There is no logical reason to
impose restrictions, which may be necessary in manufacturing
and fabricating operations covered under OSHA, on the

coal mining industry where, due to the greatly reduced
exposure and minimal hazard, if any, such restrictions are
totally unwarranted.

The asbestos industry, in general, and Johns-Manville in
particular, have recognized for many years that there are
occupational health hazards associated with excessive in-
halation of asbestos dust.

As a company and as an industry, we recognize the necessity
of protecting workers from exposure to potentially hazardous
amounts of asbestos dust. In this respect, we support the
intent of the Departments of Interior and Health, Education
and Welfare in seeking to establish safe occupational health
standards for asbestos. However, there appears to be no
evidence demonstrating the necessity for an asbestos dust
standard in coal mining, no less a standard below the
present OSHA standard. Therefore, we must strongly disagree
with the proposal for a two-fiber. standard and urge the
adoption of the current five-fiber OSHA time-weighted
average standard and the OSHA ceiling concentration standard
which were adopted after a very careful consideration of

the available medical evidence.. Since there is no scien-
tifically credible evidence demonstrating the necessity of

a two-fiber standard, or a lower ceiling concentration
standard, it is socially irresponsible to adopt such
standards. '

It is expected that ongoing medical studies and future
studies will provide more conclusive scientific evidence.
At that time, asbestos standards can be re-evaluated

as was indicated by the Secretary of Labor in the preface
to the OSHA standard. But until such time, we must realize
that there is presently no credible evidence demonstrating
the necessity for a two-fiber standard or a ceiling

-5-  FRODUCED |
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concentration standard below the OSHA standard in any -
industry, no less coal mining.

It is vital that we approach this problem with an open
mind. Crucial decisions must not be made on the basis of
incomplete or speculative evidence. Emotionalism or
political pressure must not be allowed to interfere in the
process of evaluation. The guiding philosophy of the
Departments of Interior and Health, Education and Welfare
in developing asbestos standards should be to adequately
protect the worker to the extent that protection is necessary
and to insure that the life-saving and other vital uses
of asbestos will not be abandoned. Any other philosophy
would be a mistake of the highest order.

Therefore, in accordance with Section 101 {(e) of the Federal
Coal Mine Safety and Health Act of 1969, we respectfully
request the Secretary of Health, Education and Welfare

to modify the Proposal and promulgate an asbestos standard
of five fibers per cubic centimeter of air as an eight hour
time-weighted average and a ceiling concentration standard
of ten fibers without any time limitation.

Very truly yours,

Richard Carter
Counsel

'RC/mvd

bcec: W. L. Vanderbeek - 2W
F. J. Solon - 1W
E. M. Fenner =- 4N
W. B. Reitze - 1S

Dr. George Wright
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FULTON HAIGHT

ROBERT L. CICKEON
HAROLD HANSEN SROWN
MICHALL J. BONESTEEL
GEORGE C. MCCARTHY
GamY €. OTTOSON
CLLIOTT O. OLSON

KiM 4. COLLINS

RONALD €. KLINE
CHRISTOPHER ROLIN
ROY G. WEATHERUP
WiLLIAM K, KOSKA
SETER ©. EIZELL
DENNIS K. WHEELER
STEVEN L. HOCH
KENNETH M. OLSON
JOMN W, SHELLER
WILLIAM G, BAUMOGAERTNER
J. EARL ROGERS
STEPHEN O, FLAHERTY

X

HAIGHT. DICKSON, BROWN & BONESTEEL

LAWYERS

JEFFERY J. CARLEON
FORD . SMITH

RALPM A. CAMPILLO

HALL R. MARSTON

CARL J. XKLUNDER

JOMN J. FLYNN 111
EDWAROD L. COMPTON, JR,
DON LAKE, JR.

MICHAEL J. LEAHY

ANN C. MCCORMICK

January 11, 1980

RONALD G. FUNG
LORI . BEHAR
ROWEAT L. LIV

PETER A. DURRAWSKI!
WILLIAM R, HART
ROBENT L. KAUFMAN
DAVID F. PETERSON
MICHAEL D. MCKAY
BRUCK A. ARMSTRONG

Mr. Jim Green
JOHNS-MANVILLE CORPORATION
Ken-Caryl Ranch

P. O. Box 5723

Denver,

Colorado 80217

Re; ASBESTOS LITIGATION

Gentlemen:

our co-counsel.

Y
Y

B1S MORAGA ORIVE
LOS ANGELES, CALIFORNIA 90049
(213) 478653

H44Q SAN VICENTE SBOULEVARD
LOS ANGELES. CALIFORNIA 30049
i213)478-6825
640 NEWPFORT CENTER DRIVE
NEWPORT BEACKH. CA 92680
{714 ) 7590431

BIONEY A MOSS
(1893.1983)

OF COUNBEL
GEORGE CLARK LYON
CHARLES B. SMITH
WILLIAM M. FITZHUGH

IN REPLY REFER TO.

Mr. Hoch
Los Angeles

Enclosed please find the summary of the material we
have received from the U. S. Bureau of Mines through one of

The indexing is self-explanatory and for our

shipyard cases it is interesting but of little consequence.
Some of our co-defendants believe that this material shows that
the United States government approved respirators for use when
working with asbestos as early as 1935 and that these should
have been available at shipyards from that point on. I

believe when you read the material itself it specifically
centers itself around the mining and quarrying and milling

activities until the 1971 information.
in by a F.0.I.A. request for
do not have the information.

SLH:1kh
Enclosure

ccC:

Curtis M. Caton
Jack Saunders

Mr.
Mr.

We are trying to fill
periodgZof time wherein we

BROWN & BONESTEEL
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BUREAU 'OF MINES MATERIAL *°

'LIST OF APPROVED RESPIRATGRS, JANUARY 1941

This and all ensuing lists of approved respirators indicates that
the Bureau of Mines has as one face of its work the "promotion of
the use of safe, satisfactory and reliable re:plratory orotective
devices" Their material indicates that under schedule 21

resPirators were approved for dispersoids (dust, fumes,

The listing under Type A is for pneumoconiosis and nuisance dusts.
The earliest approval given to a schedule on Type A cdevice appears
to be 1935. There are also numerous listings for self-contained

apparatus. .
LIST

Basicelly'the_same

© LSt
Baéically the same
LIST

Basically the same

OF APPRGVED

information

OF APPROVED

information

OF APPROVED

information

RESPIRATCRS, 1943
as the 1941.
RESPIRATORS, 1948

as in the above..

RESPIRATORS, 1952

as listed above, however the

Type A designation is no Ionger used. The schedule
down into various subparts and dust respirators approved for

asbestos are approved with the introductory paragraph as follows
“"They. are approved only for protection against the inhalation of

dust that are not significantly more toxic than lead,
_-and nuisance dusts."

arsenlc, asbestos,s

cadmium,. -

LIST OF APPROVED RéSPIRATOﬁé 1958

is broken

such as

Repeats much of the information in all the above.’vNotee‘that

Mr. S. J. Pearce wrote the saction on dispersoid respirators.

He is Zssistant Chi

Pittsburgh, Pennsylvania.

ef, Branch of Health Research, Bureau of Mines,
There is also a bibliography attached

to this report which inciucdes government and non-government

publice;ions which were used to develop the approvals.

EEEN S SN PR

~NEW APPROVALS

No changes.f

LIST OF ARPPR

' SEPTEMBER 1959 and ‘NOVEMBER 1959

OVED RISEIRAT

MTC 001368
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for a resplrator which can be used for acbesth since schedule
21 is broken down into categories and the only thing listed in
this item is for dust with a TLV of less than 2.4 million

oartlcles per cublc foot.

B NIOSH EQUIDMLNT LIST 1978
lhere are nuﬁerous notatlons for SElL contalned apparatus and
under this dust section there is a separate category for
respirators which are avallable for asbestos use. There are

several oozen.

PéOEi:bURES FOR TESTING FILTERED TYPE DUST, FUME AND MIST
 RESPIRATORS FOR PERMISSIBILITY, 1934

2sbestos dust would come under Type A criteria which is

_ "mechanically generated dust resulting principally from the

Ltdlslntegratlon -of a solld such_as the dust clouds produced'f“i'*

""in the various processes of mining, quarring,’ ‘and tunneling . .

the various industrial operatlons of grlnclng, crushlng and'4r>f -
general proce531ng of minerals." : . S

Set forth a manner which tests should be aone and the
necessities of having several different mass of tne same type
to run comblned tests on.

AMENDMENTS TO r"EST.LI\.G PROCEZTFZS, 1855

Ba51cally‘that would not effect the abo ;e ior thls purpose.

,AMBNDMENTS TO TESTING PROCED JRES 1965

Deflnes TLV as the most recent thresho‘d llmlt value adopted
by the American Conference of Governmental Industrial Hygienists".
Provides that certificates of approval will be issued for ‘
respirators in various categories, asbestcs is listed in. -
paragraph section 14.4(b) (1) as a respirator for dust with a TLV
of not less than 2.4 million partic‘es oer cubic foot (asbestos
specifically listed as follows: "including but not limited to .
aluminum,. asbestos, coal, Llour, iron ore and free s1llca,

U resulting princivallyv from the disintegration of a solid, such

as the dust clouds H:ouuced from varicis zrocessss of mining,

guarring and tunneling, ‘and in various industrial operations
such as grinding, crushlng and gencral Droce551ng of mlnerals

and other materlals“

RESPIRATORY PROTECTIVE DEVICES;
TESTS FOR PERMISSIBILITY, 1572

L aie Admana i
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o,

"an investigation of the asbestos industry due to the fact that™

R T VU FE P ST

rune, mist or pesticide elther 1mmed1ate1y or not immediately
dangerous to -1ife or health.>.

,There is a separate de51gnatlop in Section 11.130(f) which

states: "respirators, with replaceable filters, designed as
respiratory protection against asbestos containing dust and
mists" In the same section paragraph(h) there is a
des1gﬂat10n for single use dust respirators designed as
respiratory protection against pneumoconiosis and fibrosis
producing dusts, or dusts and mists including but not limited
to aluminum, asbestos, coal, flour, iron ore and free silica.

n

IkrORMATION CIRCULAR, DEPARLMZNT OF COKHERCE BUREAU OW M NES

Physiological Facts in Mine Ventllatlon 1931 wrltten by R R..
Sayers, Chief Surgeon, Health and Safety Branch, U. 5. Bureau
of Mlnes, U. S. Public Health Serv1ce. o

The ba51c framework of this article is an attack on the railure

"of the United States to compensate men for silicosis. Citations

are made on’ pages 8 through 13 to pulmonary asbestosis oroblemsy
and findings in other countries. The case studies are noted-
including Cooke's in the Journal of State Medicine, London

"Zsbestos Dust and Asbestosis Bodies from the Lung of an Asbestos.

Worker", Volume 39, No. 9, September 1931 pages 244 through 248. -
The author believes there is some worthwhile investigation to be
done in the area of iron-free asbestos which apparently showed

" no case’ studles of asbestosis.

Sayer's report goes on to cite an article appearing in the
Lancelot, London "Woman's Death from Zshestosis", Volume 221,
Nos. 5640 October 3, 1931 page 775 ln which the parllament dld

the workers compensation schsame did not permit compensation for
an asbestos worker once they left th= =zmploy of the asbestos
manufacturer. The records indicate that out of 582 workers

examined only 3 were found to have asbestosls w1th 77 yet pendlngff"=

completlon of X= ray examlnatlon.;;,:

Sayers' reDort dlscusses fwndlngs in Germany; the first was in
1914 wherein a discovery of pnsumoccniosis in an asbestos

worker was observed; in 1931 there were 9 cases in two asbestos
factories in Italy a report was done by Lovisetto "Pulmonary . °

Asbestosis" "Record Internationazle Conference" Johannasberg . -:r:

August 13'— 27, 1930, pages 506 to page 509. This survey started. -

in 1802 and ended in 1912. TIz conol_zlions were that inn :alation

“ofvasbestos dust in the long run causes pneumoconiosis and the -

required period for manisfestation of a pathological state is .~

at least five years. The results wer= a direct ratio between -

guantity of dust inhaled and pneumoccrniosis, the higher the

dust concentration the less time that is necessary for
:niSLes+ation of fibrosis. It dealt with the functional

i fotail.

ofoTr Iactrizl
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_ mlne atmospheres _ Ln_h,_uiaw

_clinical, radiological and pathological flndlngs of asbestosis.
~direct manufacture of product but was rather a "cardroom

CH SOTILE ASBESTOS DEPOSITS IN ARIZONA-'\y

BUREAU OF MINES"MATERIA'*TL?AC

S - -~ {VOLUME TWO) °

BUREAU OF MINES APPROVED DEVICES FOR RESPIRATORY PROTECTION

Authored by W. P. Yant, superv151ng'englneer, U. S. Bureau of"

_' Mines, Pennsylvanla,'as published in the Journal of Industrial-
" Hygiene, Volume 15, 1933.. It lists the reasons for the Bureau

of Mines 1nvestlgatlon 1nto respirators as needed 1n "dangerous_

PULMONARY ASBESTOSOS. ITS CLINICAL RADIOLOGICAL AND PATHOLOGICAL
FEATURES /AND ASSOCIATED RISK OF TUBERCULOSIS INFECTION ff?tr

By Dr. Ellman as publlshed in the Journal of Industrlal Hyglene
Volume 15, July 1933 #4. He is the physician in charge of the -
tubercu1051s chest clinic, London, England.. It discusses . :

-It deals with factory workersand especially one worker, who
while employed in a factory, was not apparently employved in the

superlntendent“'

Informatlon circular 7706 by the U. S. Department of the Interlor,{
Bureau of Mines, was written by L. A. Stewart. It describes most

of hecﬂuysotlle asbestos deposits in Arizona and discusses .
priefly m1n1ng methods and asbestos mllllng. The manuscript was_ R
completed in June of 1954 and published in January, 1955. The, f )
author was guoted as follows: "Arizona asbestos mines are the onlyjﬁ

' sources on the American continent of naturally 1ron—free<ﬂnysot11ef{

Spi nnlng fiber that is so urcently ‘needed for electric cable.
coverings, especially on washers." The report indicates there

are some 22 original sites owned by Johns—Manv1lle ‘now known'as
the "Western Chemical Company" - -

In December of 1952 the GSA acted for the Defense Mlnerals; .
Procurement Agency authorized the establishmént-of an asbestosk
curchasing depot at Globe, Arizona for the procuring of strategic:
crades of fiber. This program was extended to 1958. The Western
Chemical Company of Phoenix, Arizona purchased the 22 claims;from:
Johns—Manv1lle in December, 1951.... The propery became “the - 1argestf
croducer of asbestos in the dlstrlct and then developed 1nto the
largest asbestos m1ne in the Unlted States.“ =

- P - - . s

THE ASBESTOS INDUSTRY A ‘ IR S

Bolton 552 Bureau of Mines. Written by Oliver Boals. Essehtialiy
this report answers anything you ever wanted to know about asbestos

up o 1855, It lists principal mini:;g companies for each state
(2o =5 17 threowcgh 22) &ad gi”zs worl® sroduaction wmaps showing U.
S cdeciion at ahout 2. ot total.  Published in 1955.

. mTc o013



‘QBureau_ot,Mlnes - chﬁmegﬁwq;;%j:iéf;jr
‘Paje Two~' o S T T e

The" asbestos product manufacturing history i§ givén... It notes .that ..
spinning and weaving of asbestos for textilé manufacturers began in

" the 1890's. It cites the disasterous theatre fires which lead to -

the use of asbestos curtain in the advent of automobile require-
ments asbestos fabrics which include brake linings.

First insulating uses appear to have occurred in 1871. Asbestos
papers was first manufactured in the United States in 1878.

MINING AND MILLING METHODS AND COSTS VERMONT ASBESTOS MINES, THE
RUBEROID COMPANY

Authored by Harry Burmelster in 1967.

Vermont is one of the two major producers in the Unlted States.

The article talks about safety and fire prevention (page 42),
number of people emploved by the company and dust control measures.
It does not talk about health problems or personal protection.

MINERAL FACTS AND PROBLEMS

'Bureau of Mines bulletin 667, 1975 edition. Updates U. S.

production. There were only 380 people actually in the industry
in the United States. The author notes that EPA was the first
federal agency to recognize an asbestos problem.. The history of
the mines in the United States and notes that J-M Corp. is the
largest asbestos producer in Canada and is considered to be the
price leader. It further notes that the EPA says there is no
acceptable way to measure asbestos in the amblent alr despite
OSHA reguiremznts.

INFORMATION CIRCULAR UNITED STATES BUREAU OF MINES

Asbestos~domestic and foreign deposits by Oliver Bowl, June,
1934. Gives a good review of all mining in the U.S. up to

1934 (pages 2 - 7). Arizona and Vermont were the only major
producers. Page 4 glves names of Vermont mining operations.

INSPECTED SILICATE MATERIAL 'AND THEIR ASBESTIFORM VARITIES

Bureau of Mires 1nformatlon circular 8751. It tends to clarify
some of the —o:mlnology used in identification and characterlzatlon

of asbestiform-in minerals.

MTC 001372
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-'Jm Johns-Manville

Sales Corporation

Ken-Caryl Ranch
Denver, Colorado 80217
(303) 979-1000

June 20, 1980

‘Steven L. Hoch, Esqg.

Haight, Dickson, Brown

& Bonesteel

2800 28th Street, 3rd Floor
Santa Monica, CA 90405

‘RE: ASBESTOS LITIGATION

Dear Mr. Hoch:

As I was going through stacks of papers, I'came across a
letter from you dated, October 25, 1979, addressed to Jim

Green and copied to Curt Caton and Jack Saunders.

In your

letter you requested a copy of the Bureau of Mine Materials.

I am enclosing a copy of the referenced material.

I feel terrible about this oversight and apologizé for the

inconvenience it must have caused you.

Joie Peters
Litigation Assistant

JP
Encl.

cc: Mr., Curt Caton
- Mr. Jack Saunders




-'Jm -Johns-Manville

Ken-Caryl Ranch
Denver, Colorado 80217
(303) 979-1000

Steven L. Hoch, Esq.

Haight, Dickson, Brown & Bonesteel
2800 Twenty-Eighth Street

"Santa Monica, CA 90405

RE: Asbestos Litigation
Strategic National Stockpile

Dear Steve:

In our usual prompt fashion, I am writing concerning your
letter to Rick Evans, dated July 1, 1980 (copy is enclosed),

in which you seek further information regarding the Minerals
-Yearbook and stockpiling of asbestos by the government.
Before I attempt to follow up on your request, I thought it
- best to write and see if you still require this information
or if you have already located any of the documents.

Please advise. If you have located any further information,
would you be so.kind as to forward same to me for our files.

Thanks, Steve.

Sincerely,

Anita L. Christen
Senior Litigation Assistant

alc
encl.
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FULTON HAIGHT

HAIGHT, DICKSON, BROWN & BONESTEEL

LAWYERS 818 MORAGA DRIVE
LOS ANGELES. CALIFORNIA 30049
CARL J, KLUNDER (213) 476.6828

ROBERT L. DICKSON JOMN J. FPLYNN 1M

HAROLD HANSEN SROWN EDWARD L. COMPTON. JR.

MICHAEL J. BONESTZNL DON LAKE, JR. 2800 TWENTY-EKIGHTH STREET
GEORGE C. MCCARTHY MICHAZL J. LRANY July l , l 9 8 0 BANTA MONICA, CALIFORNIA 30408

GARY C. OTTOSON

ANN C. MECORMICK (213 ) 4B0O-600Y

CLLIOTT D. QLBON RONALD G. FUNG —_—
K. HARRISON COLLINS LORI R, SEHAR 6860 NEWPORT CENTER ORIVE

MONALD €. KLINE

ROBERT L. LIV NEWPORT BEACH, CA 524680

CHAISTOPHER ROLIN PETER A. DUSRAWSKI (714) 789-Cam

ROY G. WEATHERU|
WILLIAM K. KOSKA
PETER Q. €ZXELL

- i RECEIVED N

DAVID F, FETERSON (1893-1863)

DENNIS K. WHEEL ER G. MCHALL BROWNM -

STEVEN L. HOCH MICHAKL O. MCKAY or counsEL
KENNETH M. OLSON BRUCE A. ANMSTRONG GEORAE CLARK LYON
JOHN W. SHELLER B JOHM J. CHEAR, JR. . 7 1980 CHARLES 8. BMITH
WILLIAM G. SAUMGAERTNER  JOHN DONERTY J U L WILLIAM M. FITIHUGH
STEPHEN O, FLAHERTY WILLIAM §. HARRIS
JEFFERY J. CARLSON REMECCA 8. MOCCIARO
FORD RA. SMITH JERAY M. CUSTIS 'N REPLY REFER TO:
RALFM A, CAMPILLO GREGORY A. BASTIAN LEGAL D?:'lr: .\f‘\“f !_‘?LT
HALL R. MARSTON MANGARA G. NAPHTAL =2 SRV P PR NPIRS S 4

Mr. Hoch

Los Angeles
Mr. Rick Evans
JOHNS-MANVILLE CORPORATION

Ken-Caryl Ranch -~
P. O. Box 5723 ! oV
Denver, Colorado 80217 %Afl ) ‘/ Habf}‘ "
o’ :
Re: ASBESTOS LITIGATION ¢ é,./o /[1.{”4
STRATEGIC NATIONAL STOCKPILE [4 /m (5 N,(S.

Gentlemen:

On June 20, 1980, Joie Peters of your office was kind
enough to forward to me some material from a book entitled
the "Mineral Yearbook". That book has references to asbestos
stoc¥piling FTor World War II and later. According to a memo
attached to the letter dated July 17, 1979, to Jim Green from
C. P. Skelly, there is apparently a listing of asbestos stock-
pile cites with amounts and storage methods which are still
available. This may prove to be interesting information to us
and of assistance in the Federal suit and it may also place the
government role of a supplier which could have some interesting
side effects perhaps in the other litigation. I would appreciate
it if you could have Mr. Skelly follow-up to obtain whatever
information he can providing us with the name and source so that
we may proceed via FOIA if necessary. Also, if you can locate a
copy of the "Mineral Yearbook" for the years subsequent to 1951,
that would be extremely helpful. We will try to do the same from
our end as well.

Thank you._
i

Very truly yours,

Steven L. Hoch
HAIGHT, DICKSON, BROWN & BONESTEEL

SLH:1kh
cc: Mr. Chuck Paul
Mr. J. Philip Martin

Ms. Joie Peters MTC 001376



Subject:

e
- 36D 2

T sonns-Manvitte !n&emai Correspondencs
Yo: J. Green 2-18 . Date: July 17, 1979
From: C. P. Skelly CMS/WDC E :-’ *\ — o~y - 3
Copies: See Below (o 70 -

U.S. DEPARTMENT ofF INTERIORLEGSL . (ViiENT
BUREAU OF MINES

Bob Clifton of the Bureau of Mines was kind enough to furnish
me with pages from the Mineral Year Book referencing asbestos
stock pile for World War II and later.

He also told me that a listing of asbestos stock pile sites

with amounts and storage methods is available. He indicated
that some of the stock pile is in the same jute bags in the

same bins as it was received 30 years ago. Should I pursue

this further?

CPS:pdr

Attachment

cc L. D. Sorrentino 1-06
D. J. Stinson CMS/WDC

R. C. Manahan CMS/WDC
T. P. Williams 3-03

P ETEMIY SOy
J. S. Autry PAO/WDC
File/Chrono
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Manville Internal Correspondence

1o R. D. Batson ' Dae 1—-20-87

2
from LiOis Gaul\é%L

o e

s

Copies D+ H. Markusson, ‘R. Meunier, ',g;;giemer

File/Chrono

Subect:. ANNUAL REPORT, U.S. BUREAU OF MINES, 1935-1945

The arrual report of the U.S. Bureau of Mines was first issued in
1911. All the reports are available in the Goverrment Documents
section of the Denver Public Library. This memo focuses on a review of
the reports fram 1935 to 1945, when they were part of the published
anrmal reports of the Secretary of the Interior. Other memos will be
prepared on the periods 1911-1924 and 1925-1934 as my notes are
transcribed.

The attached pages contain excerpts fram the reports, which can be
suamarized as follows:

1. The Health Division of the Bureau was '"recessed" in July 1933
because of lack of furds, but a Congressional appropriation,
largely for dust-disease investigations, permitted the program to
resure in late 1935.

2. The Bureau's research on dust disease was primarily in the area
of developing equipment arnd procedures for determining
particle-size distribution in dust, for sampling and counting
concentrations of dust in the air, and for ascertaining the
specific camposition of air-borme dust. There are referernces to
more general studies of working conditions and to surveys of
specific industries but these are either in coal—mlmng or in
areas where exposure to silica is of concermn.

3. The respirator - approval program is described rather briefly in
each report, usually listing the rumber of new approvals granted
and that interest in it continues.

4. Asbestos was among the commodities routinely surveyed by the
’ Bureau and there are several references to special surveys on
asbestos supply and availability urndertaken during the war.

5. In addition to advising the Army and Navy Mmnitions Board and the
National Resources Plaming Board, the Bureau of Mines corducted
confidential studies (unspecified) for the Army and Navy with
respect to military equipment and certain Navy operations,
analyzed air samples for harmful gases and dusts for the armed
forces and the Maritime Camission regarding respirators.

mTC 001378



Annual Report of the Secretary of the Interior for the
Fiscal Year Ended June 30, 1935,

Highlights from the section on the Bureau of Mines
(John W. Finch, Director), pp. 341-380, include: The Health
Division of the Health and Safety Branch was "recessed due
to lack of funds...some of the activities of the Health
Division will be revived as funds permit" (p. 341).

"Routine questions on health were handled within the
branch, although the Health Division has been recessed for
2 years" (p. 344).

"The Nonmetallic Minerals Experiment Station, Rutgers
University, New Brunswick, N.J., conducts inquiries into
the treatment and utilization of nonmetallic minerals and
their products" (p. 357).

"Six respirators (type A) were approved for protection
against pneumoconiosis-producing or nuisance dusts™ (p.
359).

"In the fiscal year commodity studies were published
on arsenic, asbestos, clay, minor mineral-fertilizer
materials, sodium sulphate, titanium and vermiculite" (p.
366).

"The need for all major industrial nations for
strategic and deficiency mineral raw materials, coupled
with the fact that few countries are self-sufficient in
their domeéestic reserves of such minerals, indicates the
desirability of periodic studies of international flow of
these commodities.... Recommendations have been made by the

‘National Resources Board, the Science Advisory Board, the

War Department, and the Navy Department that the Bureau of
Mines make periodic presentation in chart form of the
international flow of the principal minerals of commerce"
(p. 370).

"Although the Health Division was recessed in July
1933 because of drastic curtailment of funds, hundreds of
inquiries on health in connection with the mining industry
have been received and answered annually, and in addition
publications have been prepared for issuance both by the
Bureau and the technical press on health subjects,
particularly dust diseases. These publications have been so
popular that the normal number of copies could not supply
the demand" (p. 371).

Annual Report of the Secretary of the Interior for the
Fiscal Year Ended June 30, 1936.

Highlights from the section on the Bureau of Mines
(John W. Finch, Director), pp. 347-385, include: "The most

MTC 001379



A
.

important work of the reconstituted Health Division was an
investigation of dust disease. This included field examina-
tion of health conditions at mines in several states and
laboratory determinations of particle-size distribution and
number concentration of dust" (p. 350).

"The present interest in occupational diseases,
especially those associated with the mining industry, calls
attention to the facilities possessed by the Bureau's

‘Health and Safety Branch for studying them. Procedure and

apparatus already devised by the Health Division could be
utilized with a minimum of delay for the investigation of
such a live subject as oceurrence of dust disease in the
entire mining industry if enabling funds were provided" (p.
353).

"A microprojector arrangement and procedure were
developed for determining particle-size distribution and
number concentration of dust in the air of mines and
tunnels. The comparative efficiency of the various avail-
able procedures and apparatus for determining dust in the
air breathed by workmen has been studied to obtain data
that will serve as a basis for correlating the results
obtained by the various methods now in use" (p. 365).

- "To show. the position of the. United sStates with
respect to strategic materials, flow charts depicting world
trade in 50 commodities were completed" (p. 371).

. "More comprehensive commodity studies were published
as information circulars on alum and aluminum sulphate,
asbestos, jade, lime, and the rare earths" (p. 371).

"The Congressional appropriation under which health
work . was resumed was given largely for dust-disease
investigations; therefore most - of the Health Division
program, both in the field and in the laboratory, has been
focused upon dust diseases. One engineer spent several
months studying health conditions at mines in Ontario and
Quebec, as well as in California, Arizona, and other
states, and submitted several reports on ventilation, wash
houses, dust prevention, sampling and air analysis" (p.
376).

"Four papers on dust disease or other respiratory
affections were published by the Bureau and four others
read before technical gatherings" (p. 376).

"The work of the Health Division, both in the field
and in the laboratory, is so much in demand that allotments
for it should be doubled; there is at present much hysteria
concerning occupational diseases (especially dust disease)
in mining, and the Bureau of Mineés is by all odds the
best-equipped organization to study this particular prob-
lem" (pp. 376-377).

-3 - MTC 001380



Annual Report of the Secretary of the Interior for the
Fiscal Year Ending June 30, 1937.

Highlights from the section on the Bureau of Mines (John W.
Finch, Director), pp. 114-150, include the publication of
"a comprehensive bulletin describing all phases of the
asbestos industry, with particular emphasis on foreign
supplies and international trade" (p. 140).

"The activities of the Health Division were concerned
largely with means of controlling occupational-disease
hazards from dust or gas, and consisted of studies of

- factors governing the formation of atmospheric contaminants

and development of simple devices and procedures for
determining and preventing them. A midget impinger dust-
sampling apparatus has been developed that is 1light,
compact, and hand-operated and yields essentially the same
results: as the standard instrument.... Instructions were
given to 57 persons in the technique of dust sampling and
counting” (p. 144).

Annual Report of the Secretary of the Interior for the
Fiscal Year Ended June 30, 1938.

Highlights from the section on the Bureau of Mines
(John W. Finch, Director), pp. 173-208, include the
notation that "significant progress was made in developing .
and improving methods for calculating air dustiness. Six
papers were published giving the results of this work,
which especially emphasized application of the Bureau's
midget impinger for dust sampling. The information thus
made available should be of great practical importance in
evaluating health hazards in dusty occupations. Consider-
able progress was made in developing procedures for
determining the composition of air-borne dust. Studies were
made of the applicability of petrographic, spectrographic,
and x-ray procedures to this problem. This information is

-of fundamental importance in ascertaining the health

hazards of various types of dust" (p. 200).

"Much interest was shown in the Bureau's approval of
respiratory protective devices, as evidenced by the fact
that 12 new approvals were granted and 6 additional
approvals virtually completed. This work of the Bureau
helps to assure safe, satisfactory, and reliable respira-
tory protective devices for use in nearly all kinds of
atmospheric contaminants" (p. 200).

Annual Report of the Secretary of the Interior for the
Fiscal Year Ending June 30, 1939.

Highlights from the section on the Bureau of Mines
(John W. Finch, Director), pp. 232-263, include: "In the
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field of economics, much attention has been focused upon
mineral self-sufficiency as a result of the present
interest in national defense.... The values of maintaining
cumulative historical data on production, consumption,
sources, prices and stocks of strategic minerals seldom has
been justified more completely than when the Army and Navy
Munitions Board called wupon the Bureau for detailed
information of this nature covering metals and nonmetallic
minerals on its 'critical' and 'essential' lists" (p. 232).

"The manufacture of mineral wool was studied and a
report on this subject published" (p. 240).

"Cooperation with the Navy Department was extended
further by training an assigned Navy metallurgist in the
use of an explosion gallery for studying the possible
ignition of gasoline vapors and of ‘'dope' solvents by
abrasive sparks from various metals" (p. 241).

"Most of the reported deposits of diatomite in the
State of Washington were sampled, and tests run on them to
develop filter aids gave encouraging results" (p. 248).

"After making comprehensive preliminary reports on
abrasives, asbestos, graphite, iodine, magnesite, phos-
phates, potash, quartz crystals, refractories, titanium,
zirconium, and sundry other mineral commodities of
potential military importance, specialists of the [Nonmetal
Economics] division served as members of the Mineral
Advisory Committee to the Army and Navy Munitions Board and
assisted in the preparation of confidential reports on
abrasive diamonds, graphite, and mica" (p. 254).

"Work has been continued on investigations of the
characteristics of various methods used for determining
concentration, composition, and size properties of dusts.
Notable progress has been made in utilization of x-ray,
spectrographic, and petrographic methods in determining the
composition of air-borne dust. Data obtained during
approval testing of respirators have been of value in
understanding the fundamental characteristics of air-borne
dust" (p. 256).

Annual Report of the Secretary of the Interior for the
Fiscal Year Ending June 30, 1940.

Highlights from the section on the Bureau of Mines (R.
R. Sayers, Director), pp. 1-38, include: "Statistical
information supplied by the Bureau also aided the Army and
Navy Munitions Board in its stock-piling program; other
data were most valuable to the National Resources Planning
Board.... Data were compiled for defense agencies on
abrasive diamonds, asbestos, graphite, quartz, mica,
iodine, and other nonmetallic commodities essential to a
military program" (p. 1).
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"Research on the properties and methods for utilizing
Pacific Northwest diatomites was continued, and information
on methods for treating Maryland diatomites was published.
Reasonable assurance of - the ultimate development of
commercial production of high-grade diatomaceous earth from
these eastern clay-diatomite deposits is indicated" (pp.
20-21).

"Stocks on hand, current and estimated future require-
ments, and other data necessary to perfect military
procurement plans were ascertained in respect to industrial
diamonds, asbestos, graphite, mica, and quartz crystals"
(p. 28).

"The x-ray and spectrographic procedures for analyzing
samples of dust from the air were improved further. An
x-ray method for determining free silica was developed that
has advantages over existing methods. More information was
obtained on operating characteristics of the impinger and
the electric precipitator, devices for collecting dust from
the air" (p. 31).

"The national defense program necessitates rapid
expansion of industrial activities, which will increase
existing hazards and introduce many new ones in the mineral
industries as well as in many other types of work. Safe,
hygienic working conditions must be provided if
inefficiency and delays are to be avoided.... The Health
Division of the Bureau of Mines comprises 18 persons....
The personnel of this group should therefore be increased
severalfold with the numerous problems certain to arise
when the national defense program gets definitely under
way" (p. 31).

Annual Report of the Secretary of the Interior for the
Fiscal Year Ended June 30, 1941.

Highlights from the section on the Bureau of Mines (R.
R. Sayers, Director), pp. 129-176, include: "Although
well-supplied with most industrial minerals, the United
States has depended 1largely on foreign sources for
graphite, special varieties of mica, quartz crystals,
industrial diamonds, asbestos, and certain other vitally
essential materials" (p. 162).

Fully one-fourth of the time of the [Nonmetal
Economics] division's commodity specialists was consumed in
direct services to national defense agencies and British
and Canadian specialists.... The chief of the division was
appointed by the National Academy of Sciences and the
National Research Council to the Advisory Committee on
Metals and Minerals to serve as secretary to the Non-
metallic Minerals Group" (p. 163).
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"Assistance was given to manufacturers in the develop-
ment of improved respirators, and information on the use,
limitations, and maintenance of respirators was given to
the users to enable them to obtain maximum protection" (p.
165).

"Improvements were made in x-ray and petrographic
procedures for determining quartz and other minerals
present 1in air-borne dusts that produce silicosis and
pneumoconiosis" (p. 166).

Annual Report of the Secretary of the Interior, Condensed
War Edition, Fiscal Year Ended June 30, 1942.

~ Highlights from the section on the Bureau of Mines (R.
R. Sayers, Director), pp. 69-99, include: "A new unit
composed of doctors, engineers and chemists was established
to investigate occupational disease in the mineral indus-
tries and to perform other important duties in the Bureau's
program of improving health in this field of employment"”
(p. 72).

"The Bureau issued more than a dozen publications on
air contamination or contaminants'" (p. 89).

"At the request of, and in cooperation with, the Army
and the Navy, confidential studies were made with respect
to health factors in some military equipment" (p. 89).

"In addition to the regular, periodic compilation of
data on nonmetallic minerals...the Bureau made monthly
canvasses of mica, graphite, asbestos, barium oxide, and
natural solium compounds; a semimonthly canvass of cement;
and special canvasses of quartz crystal, mineral pigments,
and industrial diamonds" (p. 91).

"The Bureau decided that some of the material
published previously might be of aid and comfort to the
enemy.... Other current reports dealing with demand,
supply, and consumption of strategic and critical minerals
also were placed on a confidential basis and their
distribution was restricted to a limited list of Federal
officials" (p. 93).

Annual Report of the Secretary of the Interior for the
Fiscal Year Ended June 30, 1943.

Highlights of the section on the Bureau of Mines (R.

R. Sayers, Director), pp. 1-31, include: "“The Bureau
received from the Congress approval for the most extensive
exploratory program ever attempted -- a nation-wide search

for coking coal, quartz crystals, copper, asbestos, zinc,
mercury, tungsten, vanadium, beryllium and other pegmatite
minerals, corundum, molybdenum, manganese, tin, iron,



-

o-
.

chromium, bismuth, and nickel and other minerals for which
a critical need may arise" (p. S).

"Inspections were made of the hygienic aspects of
working conditions in anthracite mines and zinc, manganese,
and ordnance plants, and suggestions were made for
eliminating or controlling hazards. Several investigations
were made at the request of the Navy Department regarding
health and safety aspects connected with certain of its

operations" (p. 21).

"The protection of workers against noxious gases,
fumes, and dust grew increasingly important as a wartime
health measure, and demands for Bureau-approved respirators
increased along with requests for suggestions regarding
their correct use and care. Such requests came from various
mines, labor organizations, ordnance plants, the Maritime
Commission, and others concerned with war protection.
Special tests also were made by the Bureau for the armed
forces and the Maritime Commission to obtain certain
information regarding respirators" (p. 22).

"The Bureau of Mines conducted 18 surveys in the
nonmetallic industries during 1943, many of them undertaken
at the specific request of officials in other agencies of
the Government. Typical of these were facts regarding the
availability of mica for airplane spark plugs, asbestos for
fireproof wire coverings, magnesia for refractories...."
(p. 24). :

Annual Report of the Secretary of the Interior for the
Fiscal Year Ended June 30, 1944, Post-War Frontiers
Edition.

Highlights from the section on the Bureau of Mines (R.
R. Sayers, Director), pp. 67-100, include: "Special
research studies were made on air contaminants, and
thousands of air samples containing harmful gases and dusts
were analyzed for the Army, Navy, and industry" (p. 70).

"Other advancements of the fiscal year included the
development of a new dust-sampling device, improvements in
a microprojector to facilitate the collection and deter-
mination of the amount of harmful dust in the air, and
progress in the application of the x-ray and petrographic
methods in analyzing dusts and ores from a health
standpoint" (p. 89).

Annual Report of the Secretary of the Interior, Fiscal Year
Ended June 30, 1945, Victory Edition.

Highlights from the section on the Bureau of Mines (R.
R. Sayers, Director), pp. 71-103, include: "To help meet
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the needs for minerals from domestic sources, the Bureau
conducted 150 exploratory projects and examined 850
additional ore deposits in 36 states and Alaska. The
critical and essential . minerals, such as tungsten,
vanadium, chromium, zircon, coking coal, flourspar, mica,
asbestos, optical calcite, and crystalline quartz received
special attention" (p. 71).

"Field trips were made to areas'where supply problems

demanded attention with respect to such war minerals as
asbestos, barite, graphite and magnesite" (p. 95).
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MEALEY'S LITIGATION REPORTS
ASBESTOS

Questions from the bench regarding the state of medical knowledge on asbestos
injury was prompted by Nightengale's argume: at the court below--the Eastern
District of Pennsylvania--entered its coverage theory without benefit of any
medical testimony whatever. He said such a finding, without hearing evidence, was
contrary to the Federal Rules ivil Procedure. Nightengale argued that the
policy intended manifestatiop 16 be the trigger for coverage, and said, "We define
manifestation as a knowabfe condition. There must be loss, damage, distress..." on
the part of victims. : - -

said that there is no evidence that continuous injury occurs to
victims ducing "exposure in residence" of asbestos.

EAGLE-PICHER WARNED BY GOVERNMENT OF ASBESTOS DANGERS IN 1932

The U.S. Bureau of Mines, following an inspection of Eagle-Picher Company's
Rock Wool plant in Joplin Missouri, warned in 1932 that harmful conditions existed
at the plant, and called asbestos dust "one of the most dangerous dusts to which man
is exposed” (Text from Page |,374). '

The report, which was forwarded by the bureau as confidential information to
Eagle-Picher on March 2i, 1932, was found in government documents in Washington,
DC, according to plaintiff attorney Gary Galiher of Honolulu. Galiher, who
circulated the report to the plaintiff community earlier this month, says he cannot
reveal the source of the document, which he hopes to introduce in two cancer death
trials currently in their second week before Hawaii Federal Judge Harold M. Fong.
He calls the report "the strongest piece of punitive damage evidence we have
against Eagle-Picher."

The inspection was carried out in September, 193] by Dr. F.V. Meriwether,
surgeon in charge of the Commerce Department's Bureau of Mines Co-Operative
Clinic, and involved dust analysis as well as a physical examination of four men at
the plant, which produced Rock Wool from slag that was broken into fine, hairlike
particlies and combined with asbestos.

In his report, Meriwether said, "Based on the chemical analysis, quantity of
dust, and evidence of such peribronchial thickening in the men who have been
exposed, according to the histories, only a relatively short period of time to the
dust, it is very likely that the dust is harmful if breathed over a relatively long
period of time. This is particularly true in the mixing room where it is stated by the
employees that rock wool is mixed with asbestos in various mixtures ranging from 10
to 75 per cent. This is a particularly dusty place, and it is now known definitely that
asbestos dust is one of the most dangerous dusts to which man is exposed. With the
combination of asbestos and a fused silica dust, known to be irritating to the lungs,
it is reasonable to conclude that the men will get extensive fibrotic changes in a
relatively short period of time. This is particularly true where the rock wool is
mixed with asbestos. A study of the X-ray pictures of these men fails to reveal any
silicosis at the present time, but to produce a decidedly more fibrosis than normal
condition in the mines in the Picher field, the group shows an average working time -
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Aetna argued that its coverage was triggered by manifestation of asbestos
disease, while Travelers contended that its policies clearly specified that_ exposure
triggered coverage to the insured. Attorneys for both insurers,” however,
emphatically denied that their clients owed any duty to defend the asbestos
manufacturer after their policy limits were expended. "The concept of the court
below that ACandS can pick one company for indemnity and one for defense is
abhorrent," said Peter Schlesinger of Simpson, Thatcher & Bartlett, representing
Travelers. "The insurer who has no obligation to indemnify cannot be saddled" with
the duty to defend, Schlesinger said.

Aetna, contending that manifestation of asbestos disease triggered its
coverage, argued that the duty to defend arises only with respect to liability limits,
and that both were subject to limitations. Attorney Stephen Nightengale of Miller,
Cassidy, Larroca & Lewin, representing the insurer, said when policy limits have
been exhausted, leaving no obligation for insurers to pay a tort case, there was no
obligation to defend.

ACandS, represented by Frank H. Griffin, III, of Dechert, Price & Rhoades, said
there were two questions concerning triggers of his client's policies: what causes an
insurance company to respond, and what constitutes an occurrence. He said the
answer to the first was an injury during the policy period, and that an occurrence
" was an accident or continuous exposure to conditions which result in bodily injury.
He said, "bodily injury, sickness or disease" triggered coverage--meaning that the
trigger begins with exposure and continues through the period of manifestation. He
said that under Pennsylvania law, the insurers also have a continuing duty to defend
because the law says that each duty is treated separately. When asked by Judge
Arlin M. Adams if he believed testimony should be heard by the lower court to
determine the intent of the insurers and insureds regarding ambiguous policy
language, Griffin said it was unneccessary. "It was form language," he said, common
industry-wide.

Judge Adams also asked about scientific tests to determine when injury actually
occurs from asbestos disease, and was told by Griffith that the various circuit courts
to previously rule on the insurance coverage issue had reached their various
conclusions on medical facts. Chief Judge Collins J. Seitz earlier in the hour-iong
hearing asked whether the court was not being asked to give a legal opinion based on
medical opinions that lacked unanimity, and was told by Nightengale that was the
case. ,

The court also questioned whether the lower court was briefed on the question
of continuing duty to defend, or whether that duty was discussed in the opinion.
Griffin said he did not recall if the issue was addressed in the pleadings to the lower
court, but told the court that it was not discussed in the opinion. Rather, he said,
the issue was raised in ACandS' motion for summary judgment.

Schlesinger argued that Armstrong, the one-time parent corporation of ACandsS,
is arguing in California litigation that upon exhaustion of primary policies, excess
carriers have the duty to defend. He told the court, "That theory is a necessary,
natural outgrowth of the exposure period. As indemnification eats into policy
limits, it also eats into limits of a duty to defend," prompting insureds to face the
decision of whether to purchase excess coverage, —
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ot six years; in-other words, apparently these men have contacted the same amount
of fibrosis in 12 months or less that occurs in the mines of the Piches field in
approximately six years. Assuming this to be correct, the evidence, while not
complete, would lead to the conclusion that the dust encountered by these men is
more dangerous and will produce lung involvement in a very much shorter period of
time than the dust which is encountered in the Picher mines."

The report was sent to Erbon Mabon, safety engimeer at Eagle-Picher by Scott
Turner, apparently a director of the bureau. A transmittal letter said it was
submitted "for your confidential information." Turner said he would appreciate any
suggestions or comments, or his attention called to any errors or mistatements.

Meriwether made his inspection at the request of a safety engineer at
Eagle-Picher, and airborne dust samples were analyzed in a laboratory, where W.A.
Selvig reported that "as mineral wool is a slag and has been thoroughly fused it may
be quite irritating if breathed into the throat and lungs in the form of dust."

Three out of four workers from the plant to undergo medical tests suffered
fibrosis, with negative results on the fourth, a foreman, according to Meriwether's
report. The men who suffered fibrosis had worked from nine to 18 months.

Meriwether recommended that dust control machines be introduced at the

plant, and for mixing machines to be utilized for mixing, sacking and other possible
steps in the process.

NEW INTERIM FUNDING ORDER ENTERED FO YMARK

Cook County, lllinois\ Circuit Court Judge-James C. Murray last week signed a
new interim funding ordenr for Raybestos-Manhattan settihg down a complicated
formula for various insurers to post” indemnity and defense costs for the
manufacturer as primary insurers ejtﬂk::a'ust their policy limits (Zurich Insurance Co.
and Northbrook Excess and Surp surance Co. v. Raybestos-Manhattan, Inc., et
ak, Text from Page 1,377, Also, See 9/28/84, Page 1,206).

s

The latest order revisés a funding\scheme outlined by Judge Murray last July
30, after he was no;i%i d that primary ipdemnity limits for Raymark were being
exhausted by Federal Insurance Co., Globe Indemnity Co., Commercial Union
Insurance Co., and”Zurich. The order applies to all U.S. asbestos-related cases
pending against Raymark, or commenced during\the duration of the order.

Undel;,-té Oct. 16 order, the four primary Ingurers will continue to provide
coverage’ provided under earlier direction by the équrt until they exhaust their
prim liability limits. When primary coverage is exhausted, first-level excess
insurers shall be responsible for further indemnity yments, with American
ntennial Insurance Company paying 14 per cent; American Home Assurance Co.

paying 34 per cent; First State Insurance Co. paying 2 per ent; Globe (as excess
,/ carrier) 10 per cent and Northbrook Excess and Surplus Insurance Co. 40 per cent. -

/.
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Defense costs incurred by Raymark in California through the last day of the
month in which both CU and Globe--as a primary carrier--have given notice shall be
paid by the two. After that, defense costs will be divided, with CU paying 36.4 per
cent; Globe (as primary) 13.6 per cent; American Centennial 7.15 per cent; American
Home 17.35 per cent; Northbrook 20.4 per cent; and Globe (as excess) 5.1 per cent.
Defense costs incurred in all other cases will likewise be paid by Federal until the
last day of the month in which it exhausts coverage, and thereafter, shared as
follows: Federal 50 per cent; American Centennial 7.I5 per cent; American Home
17.35 per cent; Northbrook 20.4 per cent and Globe (as excess) 5.1 per cent.
Payments made by excess carriers for defense costs shall constitute payments under
the Ultimate Net Loss provisions of the applicable policies.

CU and Globe (as primary) will be responsible under the order for the defense of
Raymark in California, including decisions "as to the incurrence, commitment for
and payment of defense and indemnity costs, except that any decision to expand for
indemnity more than $15,000 per claimant or $100,000 per multiple claimant
settlement, shall require the joint approval" of both CU (on behalf of itself and
Globe) and Northbrook (on behalf of first-level excess insurers). If CU and
Northbrook are unable to agree, representatives of Raymark shall make the decision.

For cases outside of California, Federal and Northbrook will decide whe
payments beyond the $15,000 and $100,000 ceilings are necessary. g

-C-U and Globe (as primary) shall conduct the actual defense of Raymark in
California, and Federal will have that same responsibility in the rest of the nation,
invoicing other carriers under the outlines of the order.

Zurich, which the court says is no longer required for administration of the
cases , will cooperate with other parties and will make claims records available on
request.

Warehousing costs for documents, currently running $35,000 per month, will be
assigned 30 per cent to the California litigation and 70 per cent to cases in all other
states.

When first-level excess carriers expend 80 per cent of their liability limits, they
are to inform all other parties so that appropriate application for further relief may
be made.
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INTRODUCTION

It is easy to understand an asbestos-supply interest
in the United States, which has, at least historically
if not at the moment, led the world in asbestos consumptionT
Appraisal of the present and fufure ability of the United
States to supply the demands of its industrial users of
asbestos is the subject of this paper.

UNITED STATES DOMESTIC SUPPLY

The first recorded transaction dealing with asbestos
in the United States took place more than 100 years ago
when $18 worth of asbestos was imported from somewhere
in 1873. The United States has been importing asbestos
ever since, and by far the majority of the asbestos supply
needed to meet the U.S. demand has and will come from
abroad. Since the turn of the century, for example, there
have been only 2 years in which the imports have represented

less than 90% of the apparent consumption.



production soon, and there is a chrysotile discovery on
Tanana Indian land in thz fagle quadrant of Alaska. The
Tanana and Cassiar situations seem to have complementary
features. One possibly has a viable ore body, and the other
has a fully equipped mine and mill at a nearly depleted

ore body a few miles away. A U.S. Bureau of Mines study
summarized in Bureau of Mines Information Circular 8672
indicates considerably higher mining costs in Alaska due,
principally, to wages, but the continuing demand for asbestos
may soon require that presently subeconomic resources

be reevaluated.

1 have detiberately refrained, so far, from discussing
the asbestos deposits of the Joaquin Ridge near Coalinga,
Calif. Two companies are operating mines there now
and a third closed last year. This deposit is so vast that
one of the operators told me that he had 800 years of
reserves at present production rates. That deposit just
could hold a key to the future as the world’'s reserves of
longer asbestos fiber become depleted. These admittedly
short fibers are reported to have exceeded the criticai
length and have been able to reinforce every matrix in
which tested. Asbestos is still the best substitute for
asbestos, and perhaps this innovative industry will find

means by which the short fibers can be made to act long.

MTC 001399



I was gratified that a 2-year study by the MNational
Academy of Sciences-National Research Council agreed
with some of my hypotheses. This study, entitled "Minerel
Resources and the Environment,” was released in February
of this year and a few quotes from the Chemical and
Engineering News review of it seem aporopriate: "The first
true shortages are perhaps only a matter of a few years
away." * * * "Asbestos. . . [is]among other mineral resources
that may soon be in short supply, particularly in the
U.S." * * * *"The committee recommends that the governmemt
maintain stockpiles of threatened materials.” * * *

“Substitutes must be found for . . . asbestos. . ."

DEMAND

Figure 1 is taken from the asbestos chapter of the
soon to be published 1975 edition of Mineral Facts and
Problems. It should serve as a good bridge between the
portions of this presentation covering supply and those
covering demand. It shows how our major areas of supply
feed the total dJdemand and then breaks down to final major
end-use areas, which we will cover later. Note that nearly
97% of the imports came from Canada and that a little

over 97%-of total imports was chrysotile.
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I wish that I could talk about demand in other than
statistical terms. One definition describes a statisticim
as "a man who can draw a mathematically precise line from
an unwarranted assumption to a foregone conclusion."
Having said that, I will now have to admit that 5 years
on this job have made a statistician of me anc that some
of their tools (particularly regression analysis and trend

projection) are valuable means of describing sets of data.

My previous reports describing U.S. asbestos demand
as "remarkably stable" were based on several 20 year
analyses within the 1950-73 span, which showed very
1ittle change in the average annual growth rate and
stayed well below 1%. As I became more of a
statistician, though, 1 found that by careful selection of
the span of historical data, I could influence the outcome
For example, for the 50-year span 1925-74, the average
annual growth rate was 1.43%, which projected to the
year 2000 would call for a demand of 1.9 million short
tons. I think that the data shown in figure 2 (also from
the forthcoming Mineral Facts and Problems) illustrate
what I think the U.S. demand would be in the year 2000 ima
buyer's market. Note that the growth rates, of the 20 year
trend and the 10 year trend both project large demand in

the year 2000.
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Thé world market and the United States' place in it
are changing a great deal. In the early fifties, the United
States consumed about 50% of the world production, and
now, only about 20%. Figure 3 from the 1972 Minerals
Yearbook jllustrates this point rather well. If each of
the major consuming countries kept a near-constant share of
an expanding market, the result would be a straight line as
shown by Canada. The U.S.S.R. and Japan typify those
count;ies whose rate of consumption has grown faster than
the world production rate. The United States and United
Kingdom have gone the other way. Note that the U.S. and
U.S.S.R. trend lines cross. This indicates that if the
U.S.S.R. has not already done so, it soon will surpass

the United States as the number one consumer of asbestos fiber.

_There are some trends to be seen in asbestos end-use
pattérns. Iﬁ the process of improving the data collection
system, the continuity necessary to observe these trends has
suffered. My mailing 1ist of questionnaires has increased
from about 40 to about 700, and the questionnaire itself has
been drastically revised and needs further revision now.

I think that the 1973 data as shown in table 1 are fairly

valid. The chrysotile data have been adjusted to agree

MTC 001404
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with the U.S. apparent consumption figure. These same data have
been grouped into BM I (Quebec 1, 2, and 3), BM IT (Quebec 2

and S), and BM II! (Quebec 6, 7, and 8). Note that by far

the majority of end uses are tied to the construction

industry. This fact accounts for both the record high year

of 1973 and the decline in 1974.

In 1972 1 predicted, from a position of much less
knowledge, that the asbestos industry would find itself
able to meet the regulatory agency criteria at about the
same time it was found that the stringent criteria were not
needed. This is turning out to be the case, but don't look
for rule relaxation. It's much harder to get something off
the books once on, and the high!y vocal voices that equate
asbestos and doom are still around. The regulations,
so far, appear to have done little real damage to the
manufacturing side of the asbestos industry but have

fnhibited the producing side.

The asbestos industry has been able to create new
markets when other materials such as glass fiber made major
onslaughts on the old. I think, however, that this

creativeness must take new directions in the face of a

MTC 001406



Table 1.-~U.5. asbestos consumption in 1973
(short tons)

End uses Chrysotile (adjusted) Anthophyllite Amosite Crocidolite
BM I BM 11 BM IIX Total (reported) (reported) (reported)
Flooring vqcscnn-||l||L ——— - 218,000 218,000 —— -—— —-—
Asbestos cement pipe--- -— 64,000 95,000 159,000 139 198 6,640
Roof ing products----—=~ - 16,600 70,100 86,700 —— 310 —-——
Friction productg-=---- 5 600 32,300 41,100 79,000 —— — -—
Asbestos cement sheet-- -— 24,700 36,800 61,500 54 n 2,380
Packing and gaskets---- 1,200 12,900 11,900 26,000 — -— 56 .
Ingulation=es-cecceeeaa 1,200 5,600 15,600 22,400 ——— 3,587 -——
Paper - 700 17,100 17,800 — 3 218
Textiles 18,000 — —-— 18,000 — ——— 29
Other —-— 14,800 149,400 164,200 969 98 8,634
Total 26,000 171,600 655,000 852,600 1,162 4,27 17,966
: . MTC 001407
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quite possible worldwide deplefion of this valuable

resource. The asbestos industry must answer such questions
as the following: How can this end product be made with

less asbestos to be as good as it now is? How can every last
fiber be extracted from this ore? If no adequate substitute

exists, can one be synthesized?

The outlook includes greatly expanded exploration
efforts worldwide. Absolutely clean asbestos mills and
manufacturing plants are also foreseeable, both for worker
protection and for preservation of a valuable product. ¢
Every asbestos outcropping ever recorded will be reevaluated
as will every abandoned mine. In these circumstances,
fi?er prices probably will continue to climb. Stockpiling
asbestos may reach an unprecedented level, and substitute
synthesis research is likely to be revived and carried much

further into the applications field than ever before.
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198 — () Letter from A.J. Lanza, M.D., to Dr. F.V. Meriwether,
U.S. Bureau of Mines Clinic, February 12, 1932

| 485~ @ Letter from F.V. Meriwether to Dr. A.J. Lanza,
- February 16, 1932

C? Letter from F.V. Meriwether to Dr. H.H. Fellows,
Metropolitan Life Insurance Co., February 16, 1932

Letter from H.H. Fellows, M.D., to Dr. F.V. Meriwether,
February 18, 1932

118~ @ Letter from R.R. Sayers, Surgeon, U.S. Public Health
Service to the Surgeon General, U.S. Public Health
Service, February®20, 1932

IWK-(Q Letter from H.S. Cumings, U.S. Surgeon General to
R.R. Sayers, February 24, 1932

Has-C? Letter from S:h. Williams, Vice President,
: Johns-Manville Corp. to Dr. F.V. Meriwether,
February 26, 1932

: i13s- () Letter from R.R. Sayers to Dr. F.V. Meriwether,
- February 27, 1932 o

HK-C@ Letter from F.V. Meriwether to Mr. S.A. Williams,
~March 1, 1932

,qﬁ-@a Letter from F.V. Meriwether to Dr. R.R. Sayers,
March 1, 1932 :

Qa Lettér from A.J. Lanza, Assistant Medical Director,
Metropolitan Life Insurance Co. to Dr. F.V. Meriwether,
March 24, 1932

(:) March 25, 1932 letter from A. MacD. Hughes, Mgr.,
Personnel Department, Johns-Manville Corp. to Dr. F.V.
Meriwether.

Letter from F.V. Meriwether to Dr. A.J. Lanza, April-l,
1932

(385~ C:)Letter from F.V. Meriwether to Mr. A. MacD. Hughes,
Johns-Manville, April 1, 1932

lqsz-CD Letter from Vandiver Brown, Johns-Manville to Dr. A.J.
Lanza, April 4, 1932 ' -
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| 1185 — C; Letter from A.J. Lanza, M.D., to Dr. R.R. Sayers,
April 6, 1932 :

|13:—-@D Telegram from R.R. Sayers to Dr. F.V. Meriwether,
April 11, 1932

l‘l?f- Letter from R.R. Sayers to Dr. F.V. Meriwether,
April 11, 1932

) Letter from F.V. Meriwether to Mr. A. MacD. Hughes,
April 19, 1932

¢ Letter from A. MacD. Hughes to Dr. F.V. Meriwether,
April 19, 1932

QD Letter from F.V. Meriwether to Mr. A. MacD. Hughes,
April 22, 1932 :

é; Letter from A. MacD. Hughes to Dr. F.V. Meriwesther,
April 26, 1932

C:>Letter from F.V. Meriwether to Mr. A MacD. Hughes,

May 2, 1932
Providad to é;}Letter from A. MacD. Hughes to Dr. F.V. Meriwether,
May 17, 1932
“M-y“! o=
Castrmon éﬁ)Letter from' A. MacD. Hughes to Dr. F.V. Meriwether,
*vﬁﬁQW‘NA; May 23, 1932
1987
é@ Letter from F.V. Meriwether to Mr. A. MacD. Hughes,
June 1, 1932
X-ray results on third group of Johns-Manville Corp.
X-rays, June 7, 1932
E&T\kuEJ Letter from A.J. Lanza, M.D., to Dr. F.V. Meriwether,
February 12, 1932
Bbu@itﬁi] Letter from F.V. Meriwether to Mr. A. MacD. Hughes,

Manager, Personnel Dept., Johns-Manville Corp.,
April 19, 1932

[@ué(mhﬂ Letter from F.V. Meriwether to Mr. A. MacD. Hughes,
June 1, 1932

Pretrial Brief of the ited States, Johns-Manville
Corp. v. United Statey, .S. Claims Court No. 465-83C ,
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3.8, Bure_u of Mines Zlisie§- -

~Picher, Ckla.

Dear Dr. Mariwethart

T-¢ Johas-llanville Corporetion have a plant at Masville, N. J, rhica employs
about 1200 pecple. They are goin: to make a surve, of their emnloyess to
detercins the amcunt of asdestosie in the plant. To do:thie they are going
to taks one-half of their emplayees and have them fluoroscoped. Thay will
t-sn bs examined and x-rayed. The physician wno does ths flusroecopic work
w#ill have a0 conzection with tha x-ray work, the 1dea deing to make ths dlagnosi:
with the x-ray &nd: tuen: datesEine to wiit extent tus Jluoroscope is correct. |
Or. Tellows s of the opinion that it-will probably bs difficult, if not ..
i=possitle, to pick up asbestosis with a fluoroscope, although hs thtn.u there.
would be Do trouble in detecting silicosis dy tnis xetaod. - -

1 have recommended to the Johns-Manville Corporation, as has Dr. Pellows, that
thq depend upon you for tae interpretation of the x-ray films, 600 in mmber,
4 thay will be glad to pay you a fss of $200.00 for thnis 'ork. They feel, as
iou Dr. FPellows, taat tzsy have no more right to aek this service from you
wittout proper recompense tuas theay would any other phaee of the etudy,

1f this le agresadls t-. you, will you please let me knovw so that I can come
ounicate with Mr, Vandiver Brown, the General Counsel of the Johns-ianville
Corporation. ! hope taat you can do this as this is really a very immertact
experi.ant on this waole question of physical sxazinzation iz industry ansd
za) -ave far reac.ing effects.

1 am hoping to visit you witkh Or. Spyers avout March let but would like aan
answer to t:ie letter as socn as possibtle.

Tith deet regards, ! an
. Siacerely ours,

’o 30

Dr. Pellows would like to Imow what type of f£ilm would be desired for this
work, that 1s, a fairly brilliant film with a good deal of contrast, or a
moderately light film-—which would saow the earlier changes, He delieves that
a f£1lm strictly comvarable with tuat core in tas Metropolitan Offics would
prodbably be satisfactory.

1 would appreciste 4f on receipt of tris you would write directly to Dr. E.

+ B Tellows, Letropolitan Life Insuramce 0., 1.Zaiiscz Avemus, Nev York-City;™

and sdvise him as to the techniqus, rexemderin; taat these asbestosis cases,
d.o .00t sa0w-up 48 clearly asc-do the 811.C08i6..n
‘o J. L.



Todruary 16, 1932, -

Dr. B. no‘i"z’.llﬁ'ﬂ
¥etropolitan Lyfe Insurance Co.
1 Nalison Avenus,

'.' rork. '-ro

Dear Dr. Fgllows:

T have a letter from Ir. lants with reference to makring
some films for tLe Johns-Manville Corporation at Manville, N.J., and

he desired that { notify you as to the type of filz that would be
suitable.

I wonld suggest a fairly bard filmp, witl &s much ocontrest
a9 possible. I 1il:e tLis tyre of film wuch better in resding for
any fidrotic changee than the gofter film, as I believe tlLat it gives

Yever orrors betreer the interpretations apd clinical findings fban in
the gofter film.

Your s respectfully,

P V¥ Meriwether,
= Sargeon.in Clerge.

s
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Foruary 16, 1932.:

* Dl'. ‘ﬁ.JO L‘n“.

Room 15-159 General Motors Bldg.,
Detroit, lichigan.

Dea- Dr. Lansa:

In reply to ,our letter ir referezcs to interpreting
X-ra; plotures for ths Jobna-Maxville Corporation, of egployesa
workins at the Corporation's plant at lanville, ¥. J.:

As you know, regulations against any of the PFublic Esalth
men acoepting any recunaration for work dons without tas peraiseion of
the Surgeon General exist. I az therefore sending Dr. Sayers a oepy
of your letter for his action. If it 1s sgreeabls with him, I would
certainly e glad to receive ths $200.00, as I don't kmow of anything
that would coms in zuch handier at the present moment, as I have
spect considsradle in hospital sxpenses. BEBowever, if it is not
permissidle, you may notify the people to send the pictures down and
1 aa sure that it would be agrseable to Dr. Sayers for ms to read tham
without coargs. I would certainly be glad to resd the pictures for
you 4n any event. I am writing Dr. Jellows as sugzested in ym
letter with reference to the character of films dasired.

T Lave been in the nosnitnl with intestinnl (afluscse
(not my diagnosis) for s week or ten days. I az up today, dut ac
leaving for Ccla-oma City this afterzoon to nave sons cardiographs
Tun, a8 it seams to have affected my nsart-to sox=e extent., However,
ths attending physicians tell ms 1: 1s & tecporary affair dut ] cust
sar that it gives a very disagreesble sensatioz. I hope to de back
on =y feet anc able to work witain a soort tize.

With best wishes, I ax

Yours Tespectfully,

TV Meriwether,
Mgurpon in Coarges

P Y MTC 001413




.. | METROPOLITAN LIFE INSURANCE COMPANY

FreDERICK H. ECKER . PRESIDENT

New YORK City

HAYNES HAROLD FELLOWS M.D.
AssistantiMedical Director

- Februery 18, 19%2.!

Drs Fo Vo Eeriwether, =
-Surgeon-in-Charge -

United States Department of Commerce;
‘Bureau of Mines Co-operative Clinfie,
Picher, Oklahoza.

Deer Dr. Meriwether:

I have your letter of February 16
and ac sending a copy direct to the Johns-Mepville
Corporation. I believe thet they will show this letter
to the X-ray techrician and thet the type of film will
be such as you suggest.

. Kith very best persopal regards, 1
am,

Sincerely yours,

H.: B.. F gj.}owa 5. MeD3t

‘ COOPERATIVE

T3 fg2ini1C ‘

MTC 001414
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'_TJ.REASURV DEPARTMENT

SUREAU OF"
S 19° qqc PUBLIC MEALTH MERVICE -

N C(B"J

[ WASHINGTON
Fedruary 24, 1938 °©

Surgeas R. B, Bayers, :

Bureau of Mizas e ——
Department of cf-mru,
Veshingtom, D. C.
8irs
aodsar I

Reoaipt {s acknowliedged of your letter of
Tebruary BOth, enclosing copies of latters frem

\J’ Dre Ao 3, Lonna ad Dr. 7. V. ..ﬂ““.t' mt“ ¢
N"J‘;t L’.'.‘ \J

the interpretation of XI-ray pletures for ths Johas- -
Maxville Cerporutien of employees working at the
ocorporatiomn's plant iz Nev Jersey.

I 4o ot spprove:of Dr, Nerivether's under-
Saking the iaterpretation of films in this inatance,
either with recmneration or withous, s{Boe this wark:
appears to be oaly far the deasfis of ons ecmpany =
and .ah Dot be considered as research warke

I believe, too, that the undertaking of suek
vark wsould de unfortunate from the_standpeint af. the
Public Health Ssrviss as. the results ebsained might,
be iatrodueed as evidence in sours, or the efficer ..
who made the interpretations might be mbpomod
as a witness.'

Bespectfully,
He 8. Camming .
Surgeon Gensral®

P il )
MTC 001416
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JOFNS-MATVILLE CORPORATION -

€52 Madison Ave.,
Rew York, 2. Y.

. February 26; 1932.°

‘Dr. P, ¥, Neriwether?

Surgeer. in Charge, Furesu of Mines,
Cooperstive llinic,
Pichsr, Cklabomza.

Dear 8ir:

Dr. A. J. lenrze 0f the Letrogzolitarn Life lns rance
Compary bas aivised ue that hes would seek the faver of your services
i the read{ng an? intergreting of X-ray films whicl will be made ipn
coznectior with tte physical examinations of ti.2 exjloyees of Johns-

Manville Corporstior at its Manville, New Jeruy Flezt. y,

¥e have not Lteard further fror Dr. lazss, tut have
received a copy of your letter of February 16th to Ir. F.E. Pellowes
iz wtick you request trat a fairly lard type of filz Yo need in ta'-ing
ths X-rays and we assume, therefore, that you have seen fit to uzder-
take tris worlk.

-We would de pleased, however, Lo have you commnicate
directly with us and advise us of your: ucoptuco of the asignment >
and we would l1ike to be further advised if the fee of $200.00 tenta-
tively wuggested bty Dr. larea for maving trhese readizgs wilil de
satisfactory to you.

I 45 rot know whetlher Ir. lanra informed you of thre facts,
bat we have had severa) mite brought agaipet-us by former ezgloyees ~
allegire rul:onary dlesorders induced: by dusty: ¢ conuuom at-the Factory..-s
There is & possitility that otler suits may be Tnetituted. ty tle nsane »
attorney who regresente the plaintiffs 4n the peniing suites Such
balng the case, 7o will realily appreciate that we desire-thre remilte
.0f your realdings to be bald in etrictest confidencs and. that. no. UNheg,
“necessary pudlicity be given to the fact thrt yor ars maring these,
.resdings for us, We ave making an honest effort to ascertain Just
what the confitione are among our emplnyses and Intend to vss all

reasonstle efforts to improve the hsalth of our employees and the

conditicns under whicl thev work, tut we wisk, Lf possidle, to yrona&é
.the results of our efforte dGeing used against us either in the ponding™
Juite or- -4n any waits which may be drought against ne.

I a2 sdvised that the first set of plates will de sent
you during the early days of March. :

Youre very truly,
(Sigued) "8 AT WILLIAMS,
Tico-Presidert.

MTC 001417




Pebruary R7, 1882, 22/85)

e Po ¥, Rerivether, .. .».. ¥
V. S Mress of Minds,
Ploher, Okls.

Sear Pr. Berivether:

The Bureem of Uines has bean recurstad to carry oo a study
ot Bloscasin. I am usking Ba. acesell tc do this and ha
. hin %0 visit the Picher Qlinic and discuss the wariocus
-phases of siliocosis with you in order that any dirferencss of epiniom -

Dr. Mussell will probably arrive a few days bafore Dr. lLenss
T ead I = very sure that he vill sppreclate any suggestions that
also suggest that you obtain such {nformation
o8 tbe subject aus t© his sxperienes 12\ tale*™
#1l]l ba very glad to learn shat he oan oo the teailmis
eperuting an I-yuy mmchine. It probably will be wall to give
the privilege of making a fev l-rays. ’

Tours sincersly,

IhL

( ) | a;w";:i:’?.. S.0f &
\( " Sargecm, BeBuPoloBs
—'r' 7
Mﬁ\v%
] =~
\VV,
N
MTC 001418
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Tours remgbstfally,
W/

———

Sergeen ia Gmree.

P, V. Nortwotder,
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\ MINES
Unrreo STATES DEPARTMENT OF COMMETIRY' | 1 9T ND.C.
BUREAL OF MINES CO-OPERATIVE CLINIC
PICHER, DRLAMOMA wa- 3+ o 2108
n‘-‘ . "-2
March 1, 19%.° '
"2y e 1. Bayers,.
hief Surgeea,
Mrresu of Wines,
Sashington, D. C.
Dear Dr. Sayers:
I am encleeing eopy of & letter from t2e o :
{:m-havuh Omnu nd p «p cl w m:y n -7
Yours r«nﬂfdl).
ﬂ. Merivet
fSurgeon ia n:%'—
2V e =
¥
‘Qc



; HletropetitanTife Insurance Compang

Forderich B Echer. Preeiden

A.J.LANZA M .D.

ASSISTANT MEDICAL DINECTOR }fzm ﬁﬂﬂ Lr,iiz

March 24, 1922¢

Personal

~Dr. Fo V., Merriweather
United States Bureau of Mines Clinic
Picher, Oklahoma

Deer Doctor Merriweather:

On Tuesdey Doctor Thompson, _

-‘Doctor Sayers, and I had-an-interview.with: the =
Surgeon-General, and upon explaining the situs-
tion to him be was thoroughly agreeable to hav-
inz you read tae Jokns Manville X-ray films. I
so informed Mr. Vandiveer Brown, the Ueperal
Counsel, yesterday and he is going to start
shipping the films ‘o you. To make the record
straight, Mr. Brown will write & letter to the
Surgeon-Ueneral, on receipt of which the Surzeon-
General will write another letter to Doctor
Seyers end everything will be in order,

%ith best regards,

t Sincerely,

£ e SRR At

’C-u:/éczaﬂ_ éf"’};_ w“ ' Assistant Medical Director

“’/‘14, ’Y’f\*\_:jf“h; A

;:;a{./‘é

/M' 47 9..«/-/4;./(‘—/ L
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vi Johns-Manwville

MaNVILLE. NEW JERSEY

March 25th, 19324y

« DEEPEVE Udrivether
Surgeon in Charge, Bureau of Mines,
Cooperative Clinic,
Picher, Oklahoma.

Dear Sirs

There is being sent you via express prepaid a case containing
330 ' X-Ray. films for reading andi-interpretatioms These films
have been sert you at the request of Dr. Lanza of the Uetropol-
itan Life Insurance Company.

You will find attached to each film a card bearing a number
corresponding to the number appearirz on tke film, and we would
be pleased to have you write your findings on this card, and
after this has been done, return the cards and filwms marked

for the attention of the writer via express collect. Attached
hereto, you will find a list of the nusbers appearing on the
X-Rays, which you may use in checking.

Facts in connection with these films are explainmed in letter of
Februsry 26th, 13932 written to you by our Mr. S. A. VWilliaams,
Vice President.

‘We expect t&Thaverypproximately-600-films° wheR éxauizations are=~
‘eompleted®, ani the shipment just sent you is the first installeent.
Our. progras-calls: for-the-taking of about’ 100 films-per: week;

and we will send you weekly installments until the survey ie
finighed.

Yould npérociato your kindly advising us when we may expect the
return of these 330 films.

Yours very truly,

JOHNS- -LLE- G 0
VY Sy s
o 7 Hughes ;- Mgr.

o,

Personnel Departments.

AR CIW MTC 001423
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X-RAY ¥'MBERS.

166
110
328
?60

33
S63
646
647
1236
649
645

43
320
321

1709
1739
1621

244

14565

1492

145
1302
108
1602

0148

124
757
726
304
413

176

334
1646
484
333
107
493

131
332
1121
52
106

316
178
114
134
339
177

179

233
887

242

700
701
708&
238
2007
856
853

223
458
537
>68
1891
€20
779
€58
1479
€59
2062
718
754

63
16

0151

0137
1165
224
226
22l

1282
366
229

1860
67
189
13069
1345
68
1299
1100

MTC 001424

ras stV IVNNITIVN FHE IV A3NNANNAIM



April 1, 1932.

‘g.m-, Ad..deLanss,
GensraFMotors Blédgast
Detroit, Michigarn.

Dear Dr. lLazsa:

During my absence at Amarille, the 330 Jolme—kanville
pictures came in, as well as your letter saying that ths Surgeon
General hal given his consent to my reading these pictures.

I ax noVw rui!ing these pictures, and as soon as I
receive peraniesion direct from the Surgeon General, I shell
forward ny report to the Johrs-kanville Company. I am very

interested in seeing how the X-ray reslings will check with the
fluorcecope readings.

Witk best regards, I ax

Yours respectfully,

T eVaNerinetler,,,
Surgeon in Chargs.

MTC 001425
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apr1l 1, 1982°

Nr. A, Hdughes,
C/o Jobms-laaville,
Baaville, B, J.

Dear 81irt
We are in receipt of a box of 380 X-ray films-

froa your orgsnisation and also s commsnication frem D#. -

Lansa stating that permission froa the Surgeon-GCeneral
to read these films has been granted.

is soon as permission is received direet fros
the Burgeocn-Cenersl I will read and retura these films
to you in accordance with your directions.

Yours respectfully,

|

P Ve IWETHER
Surgeon in Charge

r——z.-':-:l MTC 001426




v Johns-Manville
masmie a9k

April ¢, 1932

Dr.fA.wa~L¢n:u~~led1cul Consultant,
General Motors Corporztion,
Detroit, Michigan.

Dear Dr. Lanza:

: ' 1 am enclosing herewith a coBy of a ,
letter which Mr. Hughes has received frem Dr. Meri- -
wether under date of April 1, 1932 and from which

you will note on this date Ur. Meriwether had not
yet received perricsicn from the Surgeon-Gereral to
read the films.

The letter sugzasted bty you wnz sent
to the 8Surgeon-General on March 23rd over the signa-
ture of Mr. Voorhses. I suppose in a matter of this
sort we must expect a certain amount of bureaucratic
delay. We hope, however, that the notice to Dr.
Merivether that he may do this extra work will not be
unduly delayed and it=occurred-to-me-that you might:
possibly: be:able  to-speed up: the machinery by-& lette®
addressed to one of your: good: friends im the: Surgeon=
General's Departmenta

I greatly enjoyed seeing you on your
recent visit to the City and we are all very grateful
to you for your very valuable assistance.

Sincerely yours, '%i«
- . _
Clamduwres l TN

Vardiver Brown

Attorney
VB:T

Enclosure
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‘GENERAL MOTORS CORPORATION "~ \
, . , s A
DETKOIT,. MICHIGAN - ':3,6-
. April 6,-1038,.
<

G..AM/#//’/"}’//-.) s

‘Dre B, R, Bgyere, Ohief Birgson;?
U, 8, Bresu of Mines,
Waskirpton, DO,

Dear Dostor Baysra s

dttashed ia ocorrespanienes reseived today from
¥r, Brows of the Jokns-Manville Gorporotion,
-Oan you help things aloug?*

8incersly,

<Ky 77 Lansa, WDy
Med{eal Ocnsultant,

MTC 001428
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Bear Dr. Meriethers

o n LLS/SJL

Dr. Lansa, Lr. ﬁmpom, ang I oslled on the Surgeon Gcncral
lo regard 80 you reedicg e Jeray negillives for c.iparissi 1tk fluorc-
scoplo interpretation o tue same liciviusals. e Lilza sus W arlte |
a letter to the Surgeon ueneral atating the oonaitions. 48 I wmder- , .
stand it, this letter has beem sent and received, The Surgeon Gunersl;"
Dr. Thompeen, and I thought it wonild be entirely vropur for you to resd {

tives belng idenilffied Ly uuminr atid ol by tie lnulividusle

- the Regatived Tor the Luvedtigullve Wadose;- it Oning understood tlat ths *
- interpretatime rade by W m re Top nolentifinmirpa-ee. ~alz, ohe ragas

Dr. Thoupeou agvised me this rernlog that you Jnoudc proceed

to sake the Linterpretntlons for the above rurposs.

Tours very truiy,

" RJTRSTSAYERS '«
Cl.lef &rgeon, U.B8.B.00 K,
&.ar,,eon, Ul ePoleSs

o - Dr. Lanse.
ey —

MTC 09143,
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Apri) 19; 19320

Mr. A. th."MDI, .ac“.
Pereonnsl Departnoent,
Johne—-&anville Corp.,
Kanville, KEew Jersey.

Dear Sir:

Upor receipt of ordere from the Surgeon Generel, I completed:
the realing of 330 X-reay pictures sent we by ycur coxpany oo karch 25.
An requested by yvu, I wrote the firdinge on tle emell curd stteched to
oack film, and I am returning the f1ilms to you today as shijped.

In aceorderice vtk reedivgy, I- £ind trat 212 of the pictures
-were ersentirlly negrtive. J nowder of thess wen hed-far more thicken-
ing than " nnrmal with comsideratle mottling - tut’ I7dié motaregnid. tt,_g-
as being snffictent:terdiagn-se oo ncu-tcolﬁm&%&io‘wa&:t
“that-in & nneber nf {nstances’ Yene_ mean wil): develop: asbestoeris 11 8™
-reletively short time.. TRSa Applieé to all” ocre- marred "decidedly :n:w'o‘!r
f£ibrnsis thar nf-r-mx'*of which thare vere 9 ahe of wlick Lad sussoted
tudberculoeis. FProx a purely techmical point of view these cases are
ossentislly negntive at the present tire.

Accordisp te readinge, 85 hat first derres asbesteele; 11 bnde
.second stage asdestosis, and one hnd third stage asdestosiv. . There were
three casee of ssbestosis with suspected tuterculeraie, trec in first -
- degree astestonis and one in third degres- asbestosis.. There was one
file that was questionatle Put suggested asdestosis 1 (picturs was thim).

Thic was an ospecinlly gocd lot of filme; the tecknic used
was exvellent. Thare wers ons ¢r two caess, s noted on the cards attach
ed to the films, that womlé Ye very intererting tc follov up to see §f
they 4o not bave soue:sporillg infecticn of the ltmgs., If it {9
oocnvenient , I would appreciate learning the findlnct on these latter cases.

Upon receipt of the Balance of the films, I will de {a poluioa
to expedite tre return of findings to you.

Yours respectfully,

'*t?if"p Verivether)
Ourpoa iz Charge,
U. §. Bu. of kines,
cc-br. l‘n“ ’0‘- m‘”np c".P.!.‘.

MTC 001434
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UNITED STATES DEPARTMENT OF COMMERCE

BUREAU OF MINES CO-OPERATIVE CLINIC

PICHER, OKLAHOMA

April 19, 1932;}

JOEN - MANSVILLE X-RAY DIAGNISIS.

(Total x=Fays 330. )%

[EVANa i BalaRa VoS VNS XY}

@ s eI TTUEEA L UL At

WA RITRE

Decidedly more fibrosis thar normal, bordering on Asbestosig l--——=—cee- 8
Decicdedly more fibrosis tharn normal with suspected T,.B,~-~--=c-ve--ece—e- ]
Asbestosis 1(Begincing)=-~--- Ty VN RUERUCIPRTI S U S -Y 4
Asbeetosig 1 =e-mcccccmaccnccaa ——————— e —— -— —— 25
Asbestosis 1 with suspected T Beco--—ccweemema-. ——m——ecese——- ———— 2
Late Asbestosipg 1 ~-cccca-a- —~————— — -— —— 4
Late Asbestosis 1 with inflammatory procese in left bage —--——cccmcccee=— ]
" Some asbectosis with Tuberculer or Apirrilli Abscegg——e-v-c-w-- ——eeee—ee 1
Lete Asbestosis 1, borcering or Asbestosis 2, ce—cecmmucacmcccmmacccac=as 2
Early Asbestsigs 2. ec—~eccccmcawcana -~
Late Asbestosis 2, ~—=wocccrmecacao ———mame ————— — -—

Late Asbestosis 2 with probatle basal Pleurigy ee—ee—ccw-em-cens —mecmae ]
Beginning Asbestogig & ~~—=—coccmem- -— —_ —reecee e 1
Beginring Asbestosis 3 with suspected T, B, ~wec—wwa—-— —— 1
Questiorable, but sugzest Asbestosie 1 --- - —em—mmm—ee=— 1
* ToTalmes 118

5 boxes contained 40 x-rzy pictures-- 200

2 fl n 43 u L] - 86

1 Box " 48 - ° u - _44

Total==-330s
=9 91 1 '

'~ 212 Esdentially Hegative x=rayss

MTC 001432



vl Johns-Manville

MANVILLE.NEW JERSEY

‘DFY Fv Vo Meriwether,

Surgeon in Charge, Bureau of Wines,
Cooperative Clinice,

Picher, Oklahoma.

Dear Sirs

Supplezenting my letter to you of March 25th and your
reply of April lst, I understand froz Dr. Lanze that
you now have official perzission to read the filme,
which we ghipped you.

¥o have approxizately 400 more films ready for shipment,

anid would appreciate an expression froz you as to just

bow you degsire to have these films sent you in the future;
) that is, the size of the allotmente.

Youre‘very truly,

" JOENS -MANVILLE CORPORATION.

AN

AT MaeDs: Huges ;- Mgr,,
-Personnel Depts

AHCIW

MTC 001433
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April 22, 1933, ?

R e e
* MrE A flacD,- Bughes Ngr. ,
Perecanel Departoent,
Johzns-Manville Corp.,
Manville, Nev Jeregy.
Dear 8ir;

In angwer to your letter of April 19, wish to
say that we returned the 330 films to you as shipped on
April 19, together with a letter sumnarizing the findings
of the X-ray readings.

You maAy ship the remainder ¢f the films at your
coovenience ip any eise allotaente suitadle to you.

Tours respectfully,

PV, Kerivether,
Surgeon in Charge,
U. §. Bureau of Kines,
P. A. Sargeca, UsSPES.

MTC 001434
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JM ohns-Manville

MANVILLE.NEW JERSEY

April 26th, 1932,

*Dre Fo-Ve Meriwether)

Surgeon in Charge, Bureau of Mines,
Cooperative Clinic,

Picher, Oklahoma.

Dear Sirs

This will ackrosledge receipt of your letter of April 19th, also box
containing 330 filme which were received yesterday. : We' note in your,
findings-on positive cases, you use the term "Astestosis®s Unfortunately,
we did not tell you the complete story as to the past history of the o
. employees, whose pictures you interpreted. The greater majority of these @
cases have their past history complicated by other dust occupations,
principally coal mining.

The box of films which we are sending you today by express prepaid, con-
taiaing 464 films, has on the reverse side of each:card the past -history
of ‘the ezmployees. If the past history-is insignificant,- there is no:
-notation on the reverse side-of the.carl, We hope that this additional
inforzation will help you in your interpretations, and possibly may-aid.
you in trying to=find-some- difference between Asbestosis and the other,
fcrms of Pneumoconiosis. We are attaching hereto a list of these 464
films being shipped today, which you may use for checking.

In our examinations at the plant of fluoroscopy, etc.j:Dri-Sabatelle-s
has-been: calling cases with no significant past history “"Asbestosis",
and-cases with e higtory of previous dust occupations have- been called:

dust infectiom occurred. Thie has:been done because paseing an opinion..»
.of-Asbestosison a patient’ who previously worked in dust brings up a .
meiical-legal-problem before us.: For this reasom, we would like to
have somethingz similar to this im your opinions. Unfortunately, °
you have already completed the first 330 films. We.Bel.thaut the same ,

« should-be:-done with those. We can either return the cards alone, with
the past history on the back, or if you wish and it is necessary, we can
again return the films.

We also note on the X-Ray cards that you did not sign thems In order

that these records msy be of any value to us, it is felt the signature

of the interpretor should be on the findings. Possibly, you did not sign
these cards for a good reasom, but we would appreciate an exgression from you
in this regard.

Very truly yours,

JOHNS-MANVILLE COR TION,

A MecD:Hughes, Parscniel Mgr.

ARiCIv MTC 001435
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207
611
75Q

240

1105
1292
1131

2048
2044
2037
2003

285

ase
294

1639
ése
8l6

0141

783
7658
10983

1288

609
1802
1760
1220

1173

X-RAY NWMBERS.,

1610

€605
777

€74

1311

1703
1692
1436
1594

129
1478
15¢%2
1460

1461
1402
1408

S47
1466

376
1078
1083

11598

1718

1326
1409
1206
1111
1552

625
1204

957
1879
1752
1469
1053
1210
1066
1786

485
1217
1476

1606

1405
1592

1120
1207
1641
415
7?58
724
421
762
1188
436
1170
1590
1208
1539
1159
€l¢
1213
451
1167
1484

1425
785
1410
1691
611
615
1264
1558
1122
1145
1328
459
2028
1326
1260
1160
79Q
1478
774
1486
1472
948
1736
738
830
495
1705
1481
1853
743
1090
1219
2097
1512
771
1589
1494
1209
1449
1094
786
482
11419
475
739
1633
1216
1079
1740
507
1680
2040
2015
127%
976
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1265
1716

1487
1583

622
1€13
1063
1763

461
1353

1236

575
1485
1598
1766

1587
1571
622
764
766
472
745
1669
1402
60Q
1620
1502
27¢
317

14802

X-BAY EUMSERS.
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May 2, 1932

Nr. 4. MaecD. Byifhes,
Persoxns) Manager,
J’oho—&u}ino Dorp.,
Kazville, Few .Torm

Dest Bis:

.-~ In veply So your letbter of April 26, tre term SAdSestonts
ses used as Indloating fibrosis; apd doss not refer to the type of
fidrosie or pneumoponicsis present. JIn realdisg these pictures, it
vas thonght that gsme should have Dest tarmed dafiaite wilicosts:
vith eoue aeleitosis . and gove yere refardst poesidly as enthracosis -
or dtumsnosis, T recall one case whish I pbinted out to the younger—:

vofficers a8 a tnieal odal ploture; Yo% ju:-nh as it e 1fclnded-
.4z this study of an nbneodc eonlutn 1t e regarded ¢s
asbestosis.: .

12T had tao'n a8 !ho ttu % m Mlu tﬁt’)imru that-

-you desired somp Womuu o8 the charieter o2 the duat or: fidposis;
.1 wotuld bave Veétl. glad to.buve ¥nde & Boteilon OF: }utscon the cards."
IT you careto peturn the fUlme, I wi1) cbiertaky 1o read fhen vtthout
Sbe Xistories, §p3 will sigzest the $ype of fush igvolved , and you.
£32 chack thew agaftat $2e histories. 1 would abeb Prefer 1n nkhg .
thege veadings t}at ‘tDe pletures thumselves: de returnad; &s some.

of them undonbtedly sloved the'effaot” of Yotk dustd, and my opinion -
-otll depend upon the" aoumsu changes fotéd: In fegard to the
udlﬂoqﬂ pistures yéu are ssnding, I will m to ooufcn to the
‘ruuul ol' Dr: uhtdlo. '

) !a c ﬁhr ‘of luuncu in reeding shete pictures, T poteds
that Shere yore W 617 ctangee 4dat wite 6L TeRarded us sesociated
‘with mé One ¢ive waié particulerly interesting. It is my opinion
thet these caset'sare the Tesult of jafection, protably associated with
Cust, Yt @ot Eirectly caused Wy it., Por some tire we Nave bdeen carrying
ot a» Izvestigatice .lwtd thlg sudject, and for this Teasen I fes] that

they hietery of the mﬂw Fxaination would de of consideradle valus
u‘rrlvlu ds‘lm l efe, particulably if tlere Das dqex &

,.hum ‘Soot ;ou bays aot beep making & Fadsyragsm test,
3 wonid cortalnl w.;;ut this be den) fs the tmlance of-the
'qumtuu A .abotld De smds shecever dhtaipatle, wot

only for tube .u, ShLohalt beliers S0 be absent fn most of $he
Tases, dut particplarly Yor Bpirtlll and cplrodhotn. .

MTC 001433
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Mr. A. MacD. Pughes,
Johne-Manville Corp. 2= 6-2=132

I noted a place for signing the cards, but inasmzuch as J
understood the records were for readings only, and the interpretations
were not to be used {n any other manner, I decided it would prodadly
be bBetter not to sign them.

Yours respectfully,

BV Ner{wethér,

Surgeon in Charge,

U. S. Bu. of NMines,

P. A. Surgeon, U.S.F.0.8.

MTC 001439
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UNITED STATES DEPARTMENT OF COMMERCE

BUREAU OF MINTZS CO-OPERATIVE CLINIC

PICHER, OKLAHOMA

. June 7, 1932,
«=== Third Group-=-==
John=-Mangvills Co, X-rays
(8 bozes) Total pictures-346,

Negative — —— 125
More fibrosis than noma.l - ——— . 45
Decidedly more fibrosis than nomal - %
Blightly more fibrosis than normal ~— 13

Decidedly more fidrosis ¢ an norzal, bordering on Asbestosisg le-ecceme= 3
Decidedly more f£i.rosis than noruzl, bordering on Pnewnonoconiogis 1 -- 6
Beginning Silicosis lew——eec—mu= -~
Silicosis 1 -—
Late Silicosis 1 bdecaming Silicosis 2 -
Beginning Pasamonoconiocsis 1
Pneunonoconicsis 1
Late Pneumonoconiosis 1 - —
Beginning Pneusonoconiosis 2 —

Poeumonoconionis 2 == —— — e e t—ee et ene e
Beginning Poeumonoconiosis 3 -~

Beginning Asbestosis 1
Asbestosis 1 .
Late Asbtestosig 1l -— et bt LS
Suspected T.B, a= et caec e mee e ———
3arly Suspected T B, —mtreeccecene
014 Healoed 7.3, -— -
Poeumonoconiosis 2 with luspccted T 3. - -—
Pnsumonoconiosis 1 with suspected T.B:
Acute inflammatory conditicn
¥illiary Calcicosis ——— - ——— -

Belisved to bde fidrotic T.B, =-diag. should be mads from Phy. exsm. and
Laboratory find. 1

4

[
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Symposium Held May 8th, 1973

Department of the Interior
Bureau of Mines
Washington, D.C.

The welcoming speech was made by Ir. Sclhilick, deputy
director of the Bureau of Mines, who opened the remarka by
stating that their goal was to establish a T.L.V. for trenolitic
talc. He indicated that the symposium would be open to submisaion
of written statements until June the 1lst., 1973.

Mr. Arthur Nelson tuen spoke indicating thiat the Association
of Ametican Hygienists standards were not good and that new
standards must be established for tne talc mining and milling
industry. The meeting was then turned over to Dr. Goodman who is
the head of the medical staff on environmental safety to ths
Bureau of Mines who introduced Lr. Kleinfeld.

Dr. Kleinfelds' remarks were a review of his report on
pneumonocosis which he had originally reported on from the 1948~ “.:
1960, His updated report was on two hundred and sixty workers
for the pétiods 1942-1973. Le indicated that there were one hundred
and eight deaths involved with two hundred and sixty workers, five
of them had died from lung cancer at an average age of 60.3 years
after a mean exposure of 44.1 years to the talc of liew York. This
would be four times the expected mortality rate from lunger cancer.
However, extrapolating the years from 1960 to 1973 with the aassociate
lower T.L.V. and a mean exposurxe of 30.9 years there were twenty-
nine deaths from various causea, but that the mortality rate due
to lung cancer was now at/or very close to the norm for nonexposad

groups. As an aside he also indicated that the cardiac mortality

MTC 001441
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in talc workers is lower then would be normally expected in the
mortality tables.

' The next speaker was Mr, Richard Lamar, research manager
of thie Celite Division of Johns Mansville. He spoke on the
analytical technique for determining trace minerals in talc., The
results of his research indicated that for petrograpliic analysis
the electron probe by xray defraction was considered to Le the
superior method., He felt that cnemical analysis did not yeild any
good results. He falt that partical shapes would be best analyzed
by scaning electron microscopy and that particals size could best
be determined by the Andreasen pipette sedimentation method.

The next speaker was Mr, Joseph Mulyyan, president of the
United Sierra Divieion, who spoke on the talcs of New York state,
California, and Montana. His point was that some of the talcs of
California and that the New York state talcs were highly tremolitic
but the Montana talc was free of ahy asbestos form minerals, He
also reported on seven workers with more than twenty-five years
in the talc mining and milling industry wnho were currently employed
by United Sierra and that all were now free of any signssof
carcinomas.

The next speaker was Dr. Humphrey of the R.T. Vanderbilt
Company who spoke on the chrystalography of talo and tremolite
and made the point that a three to one aspect ratio for crystal
structure to define a fiberous partical was a wrong approach and
that elongated particals per say are not necessarily fiberous,

He had slides which indicated that tlhie tremolitic type of partical

MTC 001442
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was crystaline in nature and in no way fibrous.

The next speaker was Dr, Smith., e reported on his animal
studies by aritifical insemination of chrysotile asuvestos and
tremolitic talc in hamsters. The final conclusions he drew were
that low levels of chrysotile asbestos exposure were not carcinogenic
and that even high ;evels, or massiye dosages, of tremolitic talc
did not produce carcinomas in animals.

The next speaker was Dr, Scliepers who reported on extensive
pathological studies he conducted on animals Ly the insemination
of talc and also chrysotile asbestos and showed wmany slides indicating
that while chrysotile asbestos was adsoried into the lung tissue
of the animals, in no case was tremolitic talc adsorbed into the
lungs. His conclusion was that talc in the lungs has little or
no physiological effect upon the animals bLut that chrysotile
asbestos, because of its ferruginous and fivrous nature is highly
carcinogenic., He therefore concludes that there is a storage

effect of talc which is8 not injurious but that this is not the

case with forms of fibrous asbestos. le further stated that talc dust i
the lungs accounted for only approximately 5% reduction in lung
capacity and in the case &f chrysotile asbestos there was any where
from 60% to 100% reduction of lung capacity. It was his opinion
that in view of the fact that the lung can function with reasonable
normality with only 408 capacity, talc would have little or no effect
as a lung inhibitor, '

The next speaker was Mr, Harold D. Stanley of Phizer, Inc, who

spoke on the identification of talc and asbestos. It was his

MTC 001443
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conclusions that xray defraction together with transmission

" electron microscopy would be the best methods to identify

contaminates in pure talc,

The next speakers were Mr, Arthur lLanger and Rr.William J,
Nickerson of the Mt. Sinai School of Medicine in New York, who
reported on the earlier reports of Dr. Kleinfeld and also on some
studies which were done on other workers who nad been exposed for
long periods of time to talc due#. Their conclusions were that the
present restrictions on the 7.L.V.'s of talc of the New York state
region were a minimum and should not be changed at this time. They
concluded from the data now available all asbestos is bad and none
is better than others. This would include the so called tremolitic
varietiés. They indicated that animal studies, while useful as a
research technique, were not completely reliable and that its effects
on man were largely unknown at this time because of lack of long
histories of medical records on workers exposed to talc dust. They
felt that the count of fibers by an inspector could not be readily
done differenciating between various types of fibers and that the
mean norm of a lenth to width of three to one would be sufficient
evidence of fibers in talc.

The last speaker of the afternoon was Dr. Sykes of the
Ralpl Nader Assocliates who apoke of his ¥.D.A. orientation in as
far as talc use in cosmetica and therefora only raising questions
and did not have any real answers. Llowever he felt that as the
exposure rate to average humans is not known to date Aﬁd that soma

talc apparantly is the cause of pneunoconiosis, it would therefore

MTC 001444
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"~ including those of the tremolite variety.

(s)

be adviaablé for the industry to do much research work in

this area to prove its relative safety for use by human beings
Loth in manufacturing and consumer areas. Lte gquoted various
isolated cases of extreme exposure to talc dust and also the
report of one ovarian tumor in which a talc partical was found

at the center, as evidence of possille correlation between talc
and cancer in man. While he freely admitted that the test to date
were inconclusive he felt that the various agencies &8 the govern-
ment should err on the sight of caution rather than on the side

of the talc producers. He indicated that he had in his possession
a “read out" from the Oakridge, Tennessee Computer Bank of all

of the complalnts xegistered by various consumers and other medical
records concerning the adverse effects of the use of the use of
talc by human beings. He expected to have this report ready for
filing with the F.D.A. in the near future.

Gonclusions: I believe that the major thrust of the arguments
for and against the use of talcs was primarily geared toward the
use of tremolitic talcs as found in the New York state regions
and that is primarily the Bureau of ldines intention of trying to
establish a T.L.V. for this area and that as far as talc uses in
other a&mdustries from other sources, there were not commenting at
this time. The remarks of Mr., Mulyan, and severdl others during
the questions and answer periods, seemed to indicate that most of
the talc producers wish to disassociate themselves with the New York
state tremolite problem and that they wish to have talc specified

as to whether or not it was free of any asbesti-form minerals
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AIRBORNE ASBESTOS FIBER CONCENTRATIONS IN ASBESTOS
MINES AND MILLS IN THE UNITED STATES

by

L. A, Schutz,! Walter Bank,' on;! George Weems?

ABSTRACT

Personnel of the Bureau of Mines have conducted investigations in the
principal asbestos mines and mills in the United States, to determine the con-
centration of airborne asbestos fibers in the workplace, and to establish the
exposure of workers to such fibers. The surveys were conducted using the
sampling and evaluation method recommended by the National Institute for
Occupational Safety and Health. The method consists of collecting the air-
borne sample on filters and, after appropriate sample preparation, counting
the fibers utilizing phase contrast microscopy. The results of the investiga-
tion show that fiber concentrations are low in tne asbestos mines but high in.
the asbestos mills, ranging well above 5 fibers/ml of air based on a count of
fibers greater than 5 ;m in length.

INTRODUCTION

Asbestos is a generic term that applies to a number of naturally occur-
ring, hydrated mineral silicates {n~ombustible in air and separable into fila-
ments. The most widely used in industry in the United States is chrysotile
(3Mg0 - 2Si0, - 2H,0),.a fibrous form of serpentine. The other principal miner--
alogic type, amphibole, includec amosite [(FeMg)SiOa]; crocidolite
[NaFe(Si0,), - FeSiO, - H;0); tremolite [Ca Mg Si, 022 (OH)2); anthophyllite
[(ng-‘e).,sho,a(ou)aﬁ and actinolite [Ca0"- 3(MgFe)O - 4Si0,].

Chrysotile asbestos occurs chiefly in serpentinized peridotite and is
distributed in the United States in two principal belts; the eastern belt
extends from Maine to Alabama, and the western belt extends from Washington to
California, where numerous masses of ultramafic rocks were intruded in
Paleozoic and Mesozoic time, respectively. The principal mine in the United
States is located at Belvidere Mountain in Vermont. Mindr amcdunts of asbestos
have been produced from other deposits in these belts and from.scattered occur-
rences of chrysotile elsewhere. Recently, increased activity toward develop-
ment for short-fiber chrysotile has occurred in California.

1Mining enzineer.
Supervisory chemist.
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Chrysotile also ovccurs in bedded limestone, metamorphosed close to intru-
sions of diabase. The principal occurrences of this type are in Arizona,
where small quantities of long-fiber, low-iron chrysotile have been mined from
numerous small deposics.

Several species of amphibole occur in fibrous forms; in the United States
only anthophyllite and tremolite are known to have commercial importance. As
both the anthophyllite and tremolite occur in ultrzmafic rocks, associated
greenstone, and amphibolite, the overall distribution ¢f amphibole asbestos in
the United States is like that of chrysotile. The deposits are generally
small and erratic in distribution; a list of States identifying known asbestos
deposits with associated basic rock formations is presented in appendix A.

- ) The occurrence of asbestos and/or asbestiform fibers is relatively widespread
-throughout the United States and, while the asbestos is not recovered for com-"
mercial purposes, the fibers can be present in the mine or mill atmosphere and
may constitute a potential health hazard to miners and mill workmen.

~ The fact that asbestos or asbestiform fibers may be associated with the
wmining of other minerals complicates the problem of evaluating the health
hazard of dusts.

Almost 1 million tons of asbestos is used in the United States each year.
Analysis of production data indicates that approximately 74 percent of the
asbestos produced (532,300 tons) was used in the constructioa industry, while
26 percent (187,400 tons) was used in the noanconstruction industries. Approx-
imately 92 percent of the 532,300 tons used in the construction industry is
firmly bonded, in such products as floor tiles, asbestos cements, roofing
felts, and shingles; the remaining 8 percent is friable or in powder form
present in insulation materials, asbestos cement powders, and acoustical prod-
ucts.® The 187,400 tons of asbestos used in nonconstructica industries in
1965 was utilized in such products as textiles, friction material including
brake linings and clutch facings, paper, paints, plastics, roof coatings,
floor tiles, and other miscellaneous products. Mining and milling of asbestos
in the United States is a small industry, employing fewer thar 1,000 workers,
and produces 125,300 short tons of asbestos, or approximately 17 percent of
the total asbestos used in the United States.

Based on the results of asbestos surveys completed, the principal health
hazards occur in the milling process with only minor problems existing in the
mines. , -

) The Mational Institute for Occupational Safety and Health (NIOSH) has
developed criteria for a recommended standard for occupational exposure to
asbestos. The criteria include consideration of the following factors:
environmental, medical, labeling, personal protective equipment and clothing,
apprisal of employees of hazards from asbestos work practices, and monitoring
and recordkeeping requirements.

Jﬁendry, N. W. The Geology, Occurrences, and Major Uses of Asbestos. Amn.
N.Y. Acad. Sci., v. 132, Art. 1, 1965, pp. 1-766.
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The occupational safety and health aspects of the mining and milling of
asbestos ores are covered by pruvisions of the Fuderal Metal and Nonmetallic
Mine Safety Act (30 U.S.C. 725 et seq.), under Jhich provisions the Bureau of
Mines has promulgated applicable regulatious.

In 1967, the published Threshold Limit Value® was 5 million particles per
cubic foot (mppef) for dusts containing asbestos when collected conventionally
with the impinger or midget impinger and counted with the standard light-field
counting method. The number concentration represented the visible fragments
(small) of asbestos fibers, plus the many associated mineral dust particles.

In 1968, the published 'Notice of Intended Charnges” proposed that (1) the
mppef be reduced to 2 mppcf and (2) an alternative figure of 12 fibers per
milliliter of air (fibers/ml) based on a count of fibers greater than 5
(micrometers) in length be adopted. This figure was based on the membrane
filter method at 430X magnificution phase contrast illumination.

The aforementionsd intended changes were retained in 1969; in 1970, the
published proposed changes (1) eliminated entirely the midget impinger sem-
pling method and its number concentration figure and (2) recommended that the
alternative value be changed from 12 fibers/ml greater than 5 micrenms in
length to 5 fibers/ml greater than 5 microns in length.

In 1971 and 1972, the "Notice of Intended Changes' retained the 1970 pro-
posal and specified the membrane filter method with 400-450X magnification
phase contrast illumination.

To evaluate the degree of the health hazard, the sample results included
in this report were compared with the value of 5 fibers per milliliter
(fibers/ml) as defined by NIOSH in the document 'Criteria for a Recormended
Standard . . . Occupational Exposure to Asbestos.” .

It appears that control practices in current mining and milling opera-
tions can be modified to meet the ''5 fibers/ml greater than 5 ym in length"
standard. However, in order to meet a standard of '"? fibers/ml greater than
5 um in length," the asbestos industry will probably have to develop new pro-
‘cesses, or drastically modify present dust control measures. Meeting the lat-
ter standard will be more difficult for mills and processing plants than for
mines.

DESCRIFTION OF SURVEY

During the latter part of 1971, a program was instituted to conduct
.investigations in all the artive asbestos mines and mills in the United States.
Three of the four known active mills and iwo of the six open-pit mines in
California were surveyed. Iotal emdloywcent at the four active mills and the
six open-pit mines was rer~rred to Le 254.

“American Conference of Gcver-ental iadustrial Hygienists. Threshold Limit
Values for 1967, Recommended and Intended Changes. 1967.
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" In Arizona, two of the three known active underground miies and one of
the three active mills were surveyed. Total ezployment at the three mines and
three mills was reported to be 25.

The single active cpen-pit mine and mill in Vermont was surveyed. Total
employment in the asbestos mine and mill was 201.

The only known active asbestos open pit in North Carolina was surveyed.
Total emplovment was four.

In Maryland, the one known asbestos mill was surveyed. Total employment
wvas eight. .

Total employment for all known active asbestos mines and mills was 541.
Of this total, 488 were employed at the mines and mills surveyed. A total of
656 samples was collected and evaluated in these surveys. Table 1 lists
asbestos mines and mills surveyed in the United States, their location by city
and State, employees at each, and samples collected during the survey at each
location. Table Z lists the average asbestos fiber exposures for the job
classifications that were found at the mines and mills.

TABLE 1. - Asbestos mines and mills surveved, with listing
of emplovment and campling data

Numbher of mines {Number Number of samples collected
Location Open pit|lnder-{ of |Employees|Breathing| General Total
. : ground imills zone atmosphere
Mines:
Burnsville,
| Y oJ N 1 - - 4 17 0 1?7
Hyde Park, Vt.. 1 - - S8 .10 - 10
Coalinga, '
Calif......... 1 - - 7 . 41 0 41
Copperopolis,
Calif........ . 11 - - 36 55 0 55
Total, open i
) pits....... 4 - - 105 123 0 123
Globe, Ariz.... - 1 - 1t - 15 1] 15
DOtececenaans - 1 - 2 2 0 2
Total,
underground = 2 - 13 17 0 17
Total, mines 4 2 - 118 140 Q _140
Mills:
Baltimore, Md.. - - 1 8 59 1 60
Hyde Park, Vt. - - 1 143 55 2 57
King City,
~Calif......... - - 1 50 50 9 59
Coalinga,
Calif......... - - 1 31 : 47 : 10 57
Copperopolis,
Calif......... - - 1 135 205 57 262
Globe, Ariz.... - - 1 3 20 1 21
] Total, mills - - 6 370 436 80 216
Grand total, .
_mines and mills.| - -4 -] 2 6 488 576 80 656

0058703

e N ML TG 0otass



5 .
TALLE 2. - Average of asbestos fiber exposures
(daily weighted averages)
in mills and mines
Total | Asbestos fibers/ml (>5 .m in length)
Occupation samples Highest Lowest Aver: e
exposure | exposure | exposur=2
Mill:
Blender, bagger, and packer... 132 24.8 2.7 il.3
. Palletizer and car loader..... 31 18.1 1.2 10.0
* Crusher and dryer operator.... 32 20.3 7.1 11.0
FOreman. .covevvvioevceonesaces 32 15.8 4.3 8.3
Laboratory technizfan......... i3 17.4 4.5 8.8
Laborer..ciceieiieniineennnnne 37 17.3 8.2 12.1
Maintenance man........... ceee 50 16.9 3.8 8.4
Mill operator.......cccevenans 50 17.9 4.7 11.5
Other......cevvveecenecavsoees 39 10.5 2.3 6.0
Mine:
Driller............ teeeeeennnn 31 ‘7.8 1.0 2.8
Explosives man........... ceees 6 .6 .1 .3
Heavy equipment operator...... 55 1.7 .5 1.1
Maintenance man...........c.-. 7 .5 .1 .3
Truck driver.......c.o0vuveenas 20 .8 i .2 .5
Other.......ccuoueiuceeennens. 21 .8 .04 .5

Sampling methods and evaluation procedures employed in the surveys of
asbestos mines and mills are described in appendix B.

DISCUSSION OF SURVEY RESULTS

A summary of the surveys of asbestos mines and mills i{s vresented in
figures 1 and 2. Only daily weighted average exposures are listed in these
tables. An analysis of figure 1 indicates the '"Laborer'" occupation has the
highest averaygc exposure with 12.1 fibers/ml. (This is due in part to the
cleanup work being done by sweeping.) )

- Following closely in order are mill operators at 11.5 fibers/ml,
blenders, baggers, and packers at 11.3 fibers/ml, crusher and dryer operators
with 11.0 fibers/ml, palletizers and car loaders with 10.0 fibers/ml, labora-
tory technicians with 8.8 fibers/ml, maintenance men with 8.4 fibers/ml,
foremen with 8.3 fibers/ml, and the lowest average exposure of 6.0 fibers/ml,
including the miscellaneous category. Averages for all the occupational
classifications were above 5 fibers/ml.

Figure 2 lists exposures of the various occupatious in open-pit and
underground mines. None of the averages were above 5 iibers/ml.

While 3 few of the individual samples in some mills were extremely high
(to more than 550 fibers/ml), the average of the highest were recorded at the
blending, bagging, and packing operations where controls were not well
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FIGURE 1. - Asbestos fiber exposires (daily weighted averages) in mills. .

designed and maintained. Crushing and drying operations were second, with
palletizer and car loader operations rumniug third; mill operators, fourth;
laboratory technicians, fifth; laborers, sixth; maintenance workers, seventh;
foremen, eighth; and miscellaneous operations, ninth. All were well above the
value of 5 fibers/ml. In the mines, dry-drilling, without dust collection,
resulted in one high average exposure of 7.8 fibers/ml.
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" FIGURE 2. - Ashestos fiber exposures (daily weighted avercges) in mines.

CONCLUSIONS

1. Some operators are adequately coatrolling the amount of asbectos
fibers in the breathing zone of workmen; however, many are using inadequate
control measures and practices which resul® in workmen being exposed to

"asbestus fiber concentrations above 5 fibers/ml.

2. The fact that asbestos or asbestiform fibers may be associated with
the nining of other minerals complicates the problem c¢f evaluating the health
hazards of dusts in mines and millz throughout the United States. (Dust sur-
veys are now ruutinely including .cinling procedures to determine whether this
hazard exists.)

3. It is believed tha: operators of most mills and mines should be able
to meet a "5 fibers/ml of fibers greater than 5 ,m in length" standard by fol-

lowing practices such as, but not limited to, those listed below:

a. Iustalling and using effrctive and efficient control systems and
collectors to prevent dust from becoming airborne.

L. Establishing a rigid maintenanc: program for process and dust
control equipment.
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/
i ¢. Packaging the tinished product in airtight containers.
. — d. Modifying processing machinery or replacing it with equipment
Y ) designed to achieve adequate dust control.
V-
T : e. Enclosing all conveyor belts, screens, crushers, and other opera-
y4 ' tions, and using exhaust ventilation and collectors to minimize airborne dust.
. '
’ f. Using vacuum cleaning systems for cleasnup work to eliminate air-
. borne dust from sweeping.
A g- Following established re:ommended practices for the use of
J respiratory protective equipment.
. h. Using accepted permissible methods for controlling dust when
?\; drilling in pits and mines.
.wt . i. Implementing methods for keeping dust at stockpiles, roads, mill-
v . yards, an< plant arcas from becoming airborne.
7
; s Providing enciosed cabs with filtered air systems for operators

of mobile equipment used in mill and mine surface areas.

4. New techniques such as ire wet- -nilling process presently being inves-
,/ tigated by some opcrators should be evaluated as a possible ald in complying
A with lower standards being consxdered
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APPENDIX A.--OCCURRENCE OF ASBESTCS WITH ASSOCIATED
BASIC ROCK FORHATIONS IN THE UNITED STATES

The follow;ng listing of States indicates known asbestos deposits, with
associated basic rock formatious:

Alabama.--Short-fiber amphibole asbestos; associated basic intrusive
rocks.

Arizona.--Chrysotile in serpentine.

California.--Chrvsotile in scrpentine and in peridotite; tremolite and
amphibole and anthophyllite asbestos in serpentine, greenstone, and schist.
Some short-fiber and unknown varieties of asbestos in serprntine. Cross-fiber
chrysotile in ultrabasic intrusior, in serpentinized saxonite, scrpentinized
limestone, and chloritized shale. Slip-fiber tremolite and amphibole and
actinolite in quartz schists, in serpentine, and in limestone and dolomite.

Connectfcut.--Slip- and cross-fiber chrysotile and some pyrophyllite
asbestos associated with serpentine.

) . Georpgia.--Long-fiber anthophyllite asbestos associated with peridsctite,
with talcose and chloritic schist, with pyroxenite, and with biotite-granite
gneiss. Cross-, slip-, and mass-fiber amphibole asbestos with biotite granite
and hornblende gneiss, and talcose rock associated thh granite. Anthophyl-

lite asbestos associated with harzburgite.

Idaho.--Slié-fibet and brittle mass-fiber anthophy'lite asbestos in
altered hazzburgite and in altered dunite.

Maine.--Slip- and cross-fiber chrysotile in serpentine.

Maryland.--Slip-fiber.tremolite associated with basic igneous rocks; also
anthophyllite a<nd low-quality amphibole asbestos.

Massachusetts.--Chrysotile asbestos in ultramafic rock; amphibole asbes-
tos; fibrous anthophyllite in blocks of saxonite, enclosed in granite; also
amphibole asbestos.

. Montana.--Brittle tremolite asbestos associated with vermiculite in dike-
like masses of pyroxenite; woodlike-fiber anthophyllite in altered peridotite
dikes in Prccambrian schist and gneiss; chrysotile asbestos in limestone simi-
lar to Arizona deposits.

New Yorl.--Chrysctile asbestos veins in serpentinized zones in dolomite;
slip~- and ctuss-£{:er chrysotile in serpentine. :

-IChidester, A. H., and A. F. Shride. Asbestos in the United States (Exclusive
of Alaska and Hawaii). U.S. Geol. Survey, 1962, 11 pp., with accompinying
map MR-17. .
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North Carolina. --Phrysotxle asbestos associated vxth ultramafic igneous
rocks and with dunite and with a large mass of enstatite and in peridotite;
anthophyllite asbestos and mass-fiber anthophyllite asbestos associated with
altered dunite, with serpentinized dunite, and with chlorite in an
amphibolite.

Oregon.--Chrysotile asbestos veins in serpentine; short cross-fiber
chrysotile asbestos in serpentine; anthophyllite and weak slip- and cross-
fiber anthophyllite asbestos along shear zones in schists and greenstones;
slip-fiber and iron-free tremolite asbestos in dunite.

Pennsvlvania. --Unknown variety of asbestos associated with ultramafic
igneous rocks.

Rhode Island.--Crocidolite asbestos.

South Carolina.--Asbestos of unknown variety associated with dikes of
pyroxenite altered to amphibolite, in magnesian rocks, in basic igneous rocks,
in partly metamorphosed amphibolite, in aphanitic hornblende slates.

Texas.--Tremolite and long brittle tremolite asbestos fibers in the shear
zone between hornblendite and mica-quartz schist, in serpentine; small vein-
lets of chrysotile and small deposits of amphibole asbestos.

Vermont.--Cross- and slip-fiber chrysotile asbestos in serpentine and in
unserpentinized dunite and peridotite.

Virginia.--Asbestos of uvnknown variety associated with ultramafic rocks;
asbestiform anthophyllite occurring with tremolite; amphibole asbestos and
slip-fiber amphibole asbestos; slip-fiber anthophyllite asbestos associated
with hornblende and olivine.

Washiagton.--Cross-fiber chrysotile astestos in serpentire and in
c¢iopside and serpentine; cross-fiber and slip-fiber asbestos of unknown vari-
ety in serpentine and in peridotite; silky fibers of amphibole asbestos,
fibrous soapstone with amphibole asbestos in shear zones cutting greenstorne,
short fibers of amphibole asb2stos; talcose asbestus in serpentine dike;
anthophyllite asbestos in biotite gneiss; tremclite asbestos in dolomite.

Wisconsin.--Cross-fiber chrysotile asbestos veins in peridotite.

Wyoming.--Slip-fiber chrysotile and amphibole asbestos in veins associ-
ated with serpentine cut by metadiabase dikes and surrcunded by granite gneiss;
brittle-fiber amphibole asbestos and talc in a sequence of metamorphic rocks
and amphibole asbestos in serpentine.
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APPE&DIX B. --SAMPLING METHODS AND EVALUATION PROGEDURES!

Air Sampling Methods

In the study of asbestosis conducted by Dreessen, midget impinger count
data were used as an ostimate of dust exposure. All of the dust particles
seen, both grains and fibers, were counted since too few fibers were seen to
give an accurate measurement. The resulting count concentration was a measure
of overall dust levels rather than a specific measurement of the asbestos con-
centration. This method was satisfactory at that time since «xposures ware
massive and the control -..asures .nstalled to reduce overall dust levels also
reduced the asbestos dust levels.

As dust levels were reduced, it became necessary to measure the biologi-
cally appropriate attribute of the dust cloud. At eqial levels of overall

- dustiness, the concentration of asbestos could vary considerably from textile

manufacture (75-85 percent) to insulation (5-15 percent). Furthermore, if the
limit were lowered below the 5 mppcf used previously and dust counts were
taken by the impinger technique, it would be necessary to conside: the effect
of background dust, which could be as high as 1 mppcf.

A number of methods for measurement of asbestos dust concentrations have

" been used in the NIOSH epidemiological study of the asbestos product industry.

Based on these data, the preferred index of asbestos exposure is the concen-
tration of fibers longer than 5 um countad on membrane filters at 430X magnifi-

-cation with phase contrast illumination. This index is utilized in the method
adopted as the standard field sampling method by the Public Health Service.-

Fibers longer than 5 um are counted in preference to counting all fibers seen
in order to minimize observer and/or microscope resolving power variability.
Furthermore, the British define a "fibre'" as a particle, '"of length betwe:n

S ym and 100 ;m and having a length-to-breadth ratio of at least 3:1, observed
by transmitted light by means of a microscope at a magnification of approxi-
mately 500X." - :

Although the British have refrained from standardizing on a single method
of measurement, recent measurements have been performed by a method essen-
tially identical to the fiber-count method described in detail below, -and the
British hygiene standards for use with their asbestos regulations are stated
in these terms.

Principles of Sampling

A dust sampling procedure must be designed so that samples of actual dust
concentralions are coilected accurately and consistently. The results of the
analysis of these samples will reflect, realistically, tae concentrations of
dust at the place and time of sampling. ’

1U.S. Department of Health, Education, and Welfare. Criteria for Recommended
Standard, Occupational Exposure to Asbestos. Publication HSM 72-10267,
sec. VIII, appendix I, 1972, pp. VIII-1 through VIIi-8.
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To collect a'sample representative of airborneé dust that is likely to
eunter the subject's reupiratory system, it is necessary to position a collec-
tion apparatus near the nose and mouth of the subject or in his "breathing
zone. "

The concentration of dus* in the air to which a worker is exposed will
vary, depending upon the nature of the operation and upon the type of work
performed by the operator and the position of the operator relative to the
source of the dust. The amount of dust irhaled by a worker can vary daily,
seasonally, and with the weathier. To obtain representative samples of
workers' exposures, it is necessary to collect samples under varying condi-
tions of weather, on different days, and at different times during a shift.

The percentage of working. time spent on different tasks will affect the
concentration of dust the worker inhales since the diff:rent tasks usually
result in exposure to different concentrations. The percentage can be deter-
mined from work schedules and by observation of work routines.

The daily average weighted exposure can be determined by using the fol-
lowing formula:

(Hours X conc. task A) + (Hours X conc. task B) + etc.
8 hours (or actual hours worked)

The concentration of any air contaminant resulting from an industrial
operation also varies with time. Thercfore, a longer sampling time will bet~
ter approximate the actual average. .

With the following recommended sampling procedure, it is possible to col-
lect samples at the workers' breathing zones for pericds from 4 to 8 hours,
thus permitting the evaluation of average exposures for a half or full 8-hour
shift--a desirable and recommended procedure. Furthermore, dust exposures of
a more normal work pattern result from the use of personal samplers. 1In evalu-
ating da11y exposures, samples should be collected as near as possible to
wworkers' breathing zones.

Collecting Sample

The method recommended in this report for taking samples and counting
fibers is based on a modification of the membrane filter method described by
Edwards and Lynch. The sample should be collected on a 37-nm Millipore
type AA® filter mounted in an open-face filter holder. The holder should be
fastened to the worker's lapel.

Air is drawn through the filter by means of a battery-powered personsl
sampier pump similar to those approved by NIOSH under the provisions of
30 CFR 74. The filters are contained in plastic filter holders and are

SMention of commercial products docs not constitute endorsement by the Public
Health Service, the U. S. Deparcment of Health, Education, and Welfare, or
~ the Bureau of Mines. -
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supported on pads which also aid in controlling the distribution of air |
through the filter. To yield a more uniform sample deposit, the filter- holder
face caps should be removed. Sampling flow rates from 1.0 liter per minute
(lpm) up to the maximum flow rate of the personal sampler pump (usually not
over 2.5 ipm) and sampling times from 15 minutes to 8 hours are acceptable
provided the following restraints are considered:

1. In order to obtain an accurate estimate of the number of fibers, the
statistical error resulting from the random distribution of the fibers must be
kept to an acceptably low level. Since fiber counts follow a Poisson distri-
bution, a count of 100 ribers in a sample would have a standard deviation of
/T100,0r 10 fibers,or *10 percent. Thus, the 95-percent confidence limits
would be approximately 2 standard deviations, or *20 percent. Since the
37-mn filter has an effective collecting area of 855 mm® and the projected
field area of the Porton reticle is 0.005 mn®, each field represents 1/171000
of the sample. Based on this ratio, the following number of fields must be
counted to measure the various limits in various sampling times: -

Sampling Flow Number of fields for 100 fibers
time, rate, | 0.2 fiber/ml | 2.0 fibers/ml | 10 fibers/ml
minutes 1pm ]~ :
10 2 4,350 435 91
15 2 2,360 286 . 58
30 2 1,430 143 29
90 1 1,000 ~ . 100 20
90 2 500 50 10
240 1 260 26 2
240 2 180 18 4
480 1 180 18 4

‘2. Do not count a field containing over 20 fibers because, in addition
to the fibers baing counted, there are also present a number of grains, which
interfere with the accuracy of the count.

Based on these restraints--that is, number of fields tu be counted an¢
maximum number of fibers per field--acceptable sampling parameters for the
various limits are underlined in the above table.

The following conclusions may be drawn from this anaiysis:

. 1. The short-term limit should be for a period of at least 15 minutes
and preferably 30 minutes.

2. The 2.0-fiber/ml limit may be evaluated over periods of from 90 to
480 minutes. .

As many fields as required to yield at least 100 fibers should be
counted. In general, the minimum number of fields should be 20 and the maxi-
mum 100,

MTC 001464
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14.

‘Mounting Sample

The mounting medium used in this method is prepared by dissolving 0.05 g .
of membrane filter per ml of 1:1 solution of dimethyl phthalate 'and diethyl
oxalate. The index of refraction of the medium thus prepared is ND = 1.47.

To prepare a sample for microscopic examination, a drop cf the wounting
mi:dium is placed on a frechly cleaned, standard (25 mm X 75 mn) microséopic’
slide. A wedge-shaped piece with arc length of about 1 cm is excised from the
filter with 2 scalpel and forceps and placed dust-side-up on the drop of
mounting solution. A No. 1-1/2 coverslip, carefully cleaned with lens tissue,
is placed over the filter wedge. Slight pressure on the coverslip achieves
contact between it and the nounting medium. The sample may be examined as
soon as the mount is transparent. The optical homogeneity of the resulting
mount is nearly perfect, with only a slight background granularity under phase
contrast, which disappears within 1 day. The sample should be counted within
2 days after mounting. -

Evaluation

The filter samples mounted in the manner previously described are evalu-
ated in terms of the concentration of asbestos fibers greater than 5 um in
length. A microscope equipped with phase-contrast optics and a 4-mm '"high-dry"
achromatic objective is suitable for this determination. 10X eyepieces, one
of which contzins 2 Porton or other suitable reticle at the level of the field-.
limiting diaphragm, should be used. The left half of the Porton reticle field
serves to define the counting area of the field. Twenty fields located at
random on the sample are counted, and total asbestos fibers longer than 5 ym
are recorded. Any particle having an aspect ratio of three or greater is con-
sidered a [iber.

. The following formulae are used to determine the number of fibers per.
milliliter: -

Filter area (mm®) _ k‘ ‘ M
Field area (mrF) .

Average ner count X K = £ib 1 2
(flow rate ml/min) (min saanpled) ers/m @

For example, assume the following: Area of the filter used was 855 mn®,
counting area of one field under the Porton reticle was 0.005 mnf, average net
count per field of 20 fields was 10 fibers, and sample was collected at
2 liters per minute for 90 minutes. Then,

855 mnf

0.005 mf 171,000 o - L

10 fibers X 171,000
2,000 ml/min X 90 min

= 9.5 fibers/ml ' (2)

0058713
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Célibration of Personal Sampler.

. The accuracy of an analysis can be no greater than the accuracy of the
volume of air which is measured. Therefore, the accurate calibration of a

- sampling device- is essential to -the correct interpretation of an instrument's

indication. The frequency of calibration is somewhat dependent on the use,
care, and handling to which the pump .is subjected. Pumps.should be cali-
brated if they have been subjected to misuse or if they have-just been
repaired or received from a manufacturer. If hard usage is.given the instru--

ment, more frequent calibration may be necessary. :

Ordinarily, pumps should be calibrated in the laboratery both before they
are used in the field and after they have been used to collect a large number

"of field samples. The accuracy of calibration is dependent on the type of

instrument used as a reference. The choice of calibration instrument will
depend largely upon where the calibration is to be performed. For laboratory
testing, a l-liter burette or wet-test meter should be used. In the field, a
rotameter is the most convenient instrument used. The actual setup will be

the same for all of these instruments. The calibration instrument will be con-
nected in sequence to the filter unit which will be followed by the personal

* sampler pump. In this way, the calibration instrument will be at atmospheric
_pressure.  Conoections between units can be made using’ the same type of tubing

used in - the personal sampling unit. Each pump must be calibrated separately
for each type of filter used, if, for example, it has been decided to use a

filter with a differcnt pore size. The burette should be set up so that the
flow is toward the narrow end of the unit. ’

Care must be exercised in the assembly procedure to insure adequate seals
at the joints and that the length of connecting tubing be kept at a minimum.
Calibration should be done under the same conditions of pressure, temperature, -
and density as will be encountered. The rotameter should be used only in the
field as a check if the diaphragm or piscon rumps are not equipped with pulsa-
tion dampeners. The pulsating flow resultirg from these type pumps causes the
rotameter to give results which are not as iccurate as that obtained with a
burette or wet-test meter. Calibration car. be accomplished with any of the
other standard calibrating instruments, such as spirometer, Marriott's bottle,
or dry-gas meter. The burette and wet-test meter were selected because of
their accuracy, availability, and ease cf operation.

INT.-BU.0F MINES, PGH.,PA, 18638
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