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PITTSBURGH b 01269.00
PLAT.E GLASS COMPANY

GENERAL OFFICES
ONE GATEWAY CENTER. PITTSBURGH 22. PA.

May 16, 1962

PLAINTIFF'S
EXHIBIT

Mr, Karl Baumler
Vice President
Pittsburgh-Corning Corperation

#4th Floor

Dear Mr, Baumler:

We are pleased to enclose the following items relative to your recent
request about asbestos.

Toxie Preperties - from "Sax"

Article on Asbestos ~ from a bock by "Ladov”

A quote on "Asbestosis™ - from a book by "Patty”

A discussion about "Asbestosis™ - from a book by "Drinker & Hateh"

Hygienic Guide Series on Asbestos

Threshold Limit Values for 1961 - as established by the Americanm
Conference of Governmental Industrial Hygienists

A chart from "Patty™ on "Asbestos Warts"

We asked the Library to trace down four articles on the subject. If and
when they arrive, I'll forward them,

You will note that "Patty” quotes from a Dr, Carey P. MeCord (M. D.).

Dr. McCord is an authority and is retained by our company, Should you
have any technical, medical or toxicoclogical questions, we will be pleased
to write him about them,

Of course, you know about our membership in the Industrial Hygiene.
Foundation and its services and advice are at your call,

Yours,

Qj(f

- MAY 171962

P.C. CORP.
. 3

CEIVeo

7 Ruddick, Manager
Safety & Plant Protection

- . CCR:pg - L

oF 4586



. e g >

ARSPHEENAMINE

resulting anemia is responsible
for the production of many of the
symptoms accompanying arsine
poisoning; other symptoms Te-
sult from the hemolysis itself,
and occur during the excretion of
the hemoglobin. Hemoglobin and
its degradation products are
commonly found in the urine,
Less commonly whole blood may
be passed, Occasionmally, the
renal tubules may be plugged by
debris, with resultant suppression
of urine. Jaundice, which may be
severe, is a common result of the
hemolysis. Frequently there is
edema of the lungs, which may be
accompanied by cyanosis. Kidaey
damage is common in patients
surviving acute affects of the gas.
Signs of poisoning usually

develop within several hours of
exposure. Headache, dizziness,
nausea and vomiting, epigastric
pain and weakness occur early,
{followed by tea-colored urine, or
bloody urine in the more severe
cases. Some time later, aldbumen
and casts may appear in the urine,
or, in serious cases, there may
be suppression of urine. Jaundice
and tenderness over the liver may
appear about the same time.
Bléod examination shows an ane-
mia which may be marked, Ia
fatal cases, the patient may
develop delirium, followed by
coma and death, During the acute
stage of poisoning and for some
weeks after, arsenic may be
demonstrated in the urine. See
also Arsenic and Arsenic Come.
pounds,

Fire Hazard: Moderate, when ex-
posed to flame (Section 6).

Explosion Hazard: Moderate when
exposed to flame (Section 7).

Disaster Control: Dangerous; when
heated to decompositon, i emits
highly toxic fumes of arsenic; can
react vigorously with oxidizing

materials,
Yentilation Control {use moderate
rate): Section 2 i
Storage and Handling: Section 7
ARSPHENAMINE

Synonym: 3-Diamino-4-dihydroxy-
l-arsenobenzene hydrochloride.

322

Description: Light yellow, hygro-
scopic powder,

Formula: C;H;As,;N;O,° 2HCI ' 2K,0

Constant:
Mol, Wt., 475.0

Toxicity: See Arsenic Compounds.

Disaster Control: See Arsenic Com.
pounds.

Yentilation Control (use moderate
rate): Section 2

Personnel Protection: Section 3

Personal Hygiene: Section 3

First Aid: Sesction ]

Storage and Handling: Sectioa 7

ASBESTCS PARTICLES
Synonym: Asbestos dust.
Toxic Hazard Rating:

Acute Local: Irritant 1; In.

balation 2
Acute Systemic: 0
Chroniec Local: Inhalation 3
Chronic Systemic: U

MAC: ACGIH (accepted); 5 million
particles per cubic {oot of air.

Toxicology: The essential lesion
produced by asbestos dust is a
diffuse fibrosis which probably
begins as a "collar™ about the
terminal bronchioles. Usually,
at least 4 to 7 years of exposure
are required before a serious
degree of fibrosis results. Thers
is apparently less predisposition
to tuberculcsis than u the case
with silicosis.

Clinically, the most striking
sign is shortness of breath of
gradually increasing intensity,
often associated with a dry cough,
In the early stages physical sigas
are absent or slight; in the later
stages rales may be heard, and
in long-standing cases there is
frequently clubbing of the fingers.
In early stages of the disease the
chest x-ray reveals a ground-
glass or granular change, chiefly
in the lower lung fields; as the

. condition progresses the heart
outline becomes "shaggy' and
irregular patches of mottled shad.
owing may be seen. Asbestos
bodies may be found in the sputum.

At autopsy, the pleurae are
thickened and adherent and thick
subpleural fibrous plaques are
often present. Where the disease
is far advanced there are unua.uy
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large areas of fibrosis, with
emphysematous changes in the
apices and bases. The alveolar
walls are thickened, and the
characteristic "asbestos bodies"
are {ound.

Yentlation Control (use rormal rate):
Section 2

Personal Hygiene: Section 3

ASCARIDOLE -

Description: Liquid.

Formula: CmH“O;

Constants:
Mol., we. 168.2
B. P. 115°C @15 mm
Density 1.011 @13°*/15°C

Toxicity: Details unknown.
also Peroxides, Organic.

Fire Hazard: Moderate, by spon-
taneous chermical reaction (Sec-
tion 6).

Caution: An oxidizer,

Explosion Hazard: Explodes
at 250°C.

Disaster Control: Dangerous; when
heated, it emits toxic fumes and
may explode; it reacts with re-
ducing materials.

See
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Storage and Handling: Section 7

"ASPEALT
Synonyms: Bitumen; petroleum
pitch, )
Description: Black or dark brown
mass.,
Constants:
B. P.: <470°C
Flash P. 400+°F (C.C.)
Density 0.95 - 1.1
Autoign, Temp. 905°F
Toxic Hazard Rating:
Acute Local: Irritant 2
Acute Systemic: U :
Chronic Local: Irritant2 -
Chronic Systemic: U
Fire Hazard: Slight, when exposed
to heat or flame,
" Spontaneous Heating: No - 2
To Fight Fire: Foam, carbon diox
ide, dry chemical or carbon
tetrachloride (Section 6),
Personnel Protection: Section 3
Personal Hygiene: Section 3
Storage and Handling: Section 7
Shipping Regulations: Section 11l.
N Coast Guard Classification:
Hazardous Article,

- First Aid:

ATROPINE METHYL BROMIDE

ASPIDIUM
Synonym: Male fern.
Toxic Hazard Rating: .
Acute Local: lrritant };
gen 1
Acute Systemic: Ingestion 2 .
Chronic Local: Allergen !
Chronic Systemic: U
Fire Hazard: Slight; when heated,
it emits acrid fumes {Section 6).
Personal Hygiene: Section 3
Storage and Handling: Section 7

Aller-

ASPIRIN. See Acetol.

ATABRINE DIHYDROCHLORIDE.
See "Atabrine' Hydrochloride.

“"ATABRINE” BEYDROCHLORIDE
Synenym: Quinacrine hydrochloride,
Description: Bright yellow crystals.
Formula: CQH”CIN;O + 2HCL - ZH;O
Constants:
- Mol. Wt, 508,9 '

M. P. Decomposes 248 - 250°C
Toxic Hazard Rating:

Acute Local: Allergenl

Acute Systemie: Ingestion 2

Chronic Local: Allergen ]

Chronic Systemic: Ingestion 2
Disaster Control: Dangerous; when

heated to decomposition, it emits

highly toxic fumes of chlorise.
Personal Hygiene: Section 3
Storage and Handling: Section 7

ATROPINE
Synonym: Daturine.
Description: Colorless, crystalline
alkzloid.
Formula: C;sHyNO,
Constants:
Mol., Wt, 289.4 ,
M. P, 115.5°C; sublimes at 118°C
Toxic Hazard Rating:
Acute Local: Allergen ]
Acute Systemic: Ingestion 3;
Inhalation 3 )

Chronic Local: Allergen ]l
Chronic’ Systemic: Ingestion 2
Fire Hazard: Slight; on decomposi-

tion it emits toxic fumes.
Ventilation Control (use moderate
rate)e Section 2 )
Personal Hygiene: SectHon 3
ection 1
Storage and Handling: Section 7

ATROPINE METHYL BROMIDE,
See Atropine.

For detailed discussion of Toxicology, see Sectionl
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. ASBESTOS -

Deﬁniﬁon.—-—’fhc'wm “ asbestos,” as now used, is not the name of &
distinct mineral, but is s commercial term applied to any mineral whick" ~
can be readily separated into more or less Hexible Sbers. The original
asbestos was a vasiety of amphibole, of little present importance, but
pow there are several important varieties of asbestos, of which chryso- -
tle is in most common use.

_ Vasieties of Asbestos and Their Properties.—CArysolide is & fibrous, -
form of serpentine, with which it is always associsted. It isa bydrous
magnesium silicate, represented by the empirical formula HMg,Si:0,, and
containa 12.9 per cent of water of composition. It occurs in aggregates
of fine, crystalline ailky fibers, which are Sexible and have considersbls |
tensie strength. These fibers usually range in length from less than 3§ |
to I or 12¢ inches, but Sbers as long as 5 to 6 inches are sometimes found
and an extreme length of 24 inches has been noted.! Chrysotile fbers
are pearly always brilliant white, but aggregates of Sbers may vary

- from white and pink, through yellowish and yellowish-green to olive- :
green. Its Hardness is 3 to 3.5; Specific Granily 2.2 to 2.3; Luster sub- L
resinous to greasy, pearly and silky. ’

Crocidolile is 8 soda-iron, monoclinic amphibole, having the formuls
NaFe (Si0,);.FeSiOs. It is highly fibrous, like chrysotile, but its fbers .
have » bigher tensile strength, and a much lower resistance to heat.  Its
color is & characteristic lavender-blue, and it is thus often called “blue
asbestos” or “Cape Blue” (from Cape Province, South Africa). Fibers . P
commonly range in length from less than 3§ to 134 inches and rarely - - §i°
]exceedS inches. It has a specific gnv:ty of 3.20 to 3.30 and a allky N §i.-

uster.

" Anthophyllile is an anhydrous iron-magncsium ailicate, baving the
formula (Fe,Mg)Si0s. 1t belongs to tbeorthorhombic groupof the amphi-
boles. - It occurs in rather coarse, {airly long and usually rather brittle .
fibers of low lensile strength. It is more resistant to beat and to acids
than chrysotile, so that anthophyllite low in iron is especially smtabla

i
i
|
:
!
i
{
Amosile is an iron-rich anthophyllite found chxeﬁy in South Africs. . E
It was thought originally to be & new apecies and was described by Hall* R A
2 Harz, A L, “Asbesios in the Union of South Afriea,” Memoir No. 12, p. 15, -~
Taion of South Africa, Dept. of Mines and Indu:tnc:, Geol. Survey, 1918 .
*Eury, A L., work cited, p. 2L . L T
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44 " NON-METALLIC MINERALS

as & monoclinic amphibole. Wherry! later examined amosite both
chemically and microscopically and found it practically identical with
fcrroantbophyllite, an orthorhombic amphibole having the formuls -
(Fe, Ca, H,;, Mn)0.8i0,. Whesn amoasite contains considerable soda it
spproaches crocidolite in composition. Amosite is cbaracterized by
s wcll-developed fibrous structure, having fibers of unusual length.
Lengths of 4 to 7 inches are common and an extreme length of s little

over 11 inchca baa been observed. The fibers are fcxible, but usually - |

have Jcss tonsile strength than chrysotile.  Amosite is harder and harsher
than chrysotile and is said to cause excecssive wear on the teeth of carding
machinca. It varies in color from’s pale dirty-brown through various
shadcs of gray and pale yellowish-green {o ncarly white. Acids have
little effect on amoasite and it withstaads beat better than crocidolite.

Acsbeslos, “amphibole” asbeslos, *'hornblende” asbeslos and “Jialian™
csbesios are various terms given to the monoclinic amphiboles, tremolite
(formula CaMg,(Si0,)J and actinolite (formuia Ca(Mg,Fe)(Si0s)d
when they occur in fine silky fbers.  This is the original type of material
towhich the mineralogical name “‘asbestos” was given. The fbersmsy be -
fine, silky and of great length, but they usually have little tensile strength. ™
A small amount of Italian amphiboie asbastos has been used for spinning,
but most of it is Loo weak. When pure tremolite aabestos is chemically
stable and may be used for making chemical fltars.

Mountain leather and mouniain cork are, respectively, thin and thick
Bexible sheets made up of interiocked fibers. The “cork” variety has -
the elasticity and lightness of cork. "It is usually from light-brown to
white in color and has a apecific gravity of 0.68 to 0.99. One analysis?
of mountain cork showed zilica, 57.20 per cent; peraxide of iron, 4.37 per
cent; magncsia, 22.85 per cent; lime, 13.39 per cent; and water, 2.43
per cent; total, 100.24 per cent. These substances hsve no value as
sources of asbestos fibers.

Mounlain wood is a compact, Sbrous substance ma.de up of interlaced
mineral fibers and closely resembling dry wood. It is usually gray to
brown in color. It is sometimes found in Canadian asbestos deposits,
but has no present economic value, .

Analyses of Asbestos.—The following table ahowu the average
composition of the principal types of asbestos: .

! Wuzaxy, E. T Amouh,"Am. M;wdavul., vcl. §, No. 12, p. 174, Dvcembc

1921
* Cinkel, Fm-r:.. "C\rrsotﬂ&.hbeﬂu, I Occumnee Exploitation, Mmm; .nd

. Usen,”" Mines Branch BulL 09, p 3, Can. Dept. of Mines, 1910. - -
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ASBESTOS
1 2 3 4 ]
. Chrym- | Crocido~ | Ammosite | Antho- | Amphs-
- tile lite phyilite bole
S0t ceccasancocascacscesse.] 40.49 81.22 49.53 87.22 5.7
AlfOsivnernrarennannanasaessd 1,27 2.25 0.75 0.53
FerOvand FeO. o ovolinnnane. 3.53 34.08 30.64 .38 2.8
MEO . cannacnvsancetsnasenns <1.41 2.43 v | | 26
Ca0.ceetinnccnsnscasassccns] canes 0.03 0.83 | ..... 13.84
NaD..eenenns tesseecanan P 1.07 cieen 0.5
B (const)eiveennnneeas...] 14.08 4.5 3.18 $.47 | 0.8
MAOy.cceienicacenecccanans] oasen 0.10
& o JONRUTUPPIE B, ceeos ceese 0.%0
Total.cevreenacenancceanss] 99.768 99.43 99.95 | -99.14 .11

1L Canadisn chrywotlie—Averasge of eleven analyses by Ciaxzy, work cited, p. 3L
* 2 South African erocidolite—Analysis quoted by Cirxri, work cited, p. 22.

3. Amosite, Tranavaal, South Africa—Avernge of seven rather widely varying
analyscs quoted by Warary, work cited, p. 174,

4 Anthophyllite, Georgis—Analysis quoted in “Ashestos (1813-1918)," p 6,
Imperial Miperal Resources Burcay (Great Britain), 1921,
. & lualian amphibale asbosos—Analysis quoted by Manctse, B., “ The Marketing
of Aabestos,” Eng. Mining Jowr.-Press, vol. 114, No. 7, p. 278, Apr. 12, 1922

Tyrrs or Strocrune!

Most asbestos minerals are found in veins, but some may make up the whole
mess of & rock. The veins contain both cross-Gber snd slip-Gber asbestos.
Ciross-Gber asbestos lies perpendicular or nearly perpendicular to the walls of the
vein. Chrysotile, erocidolite acd amosite occur in this way. Slip-fber asbestos

{ies parallel to the walls of the vein. Chrysotile, tremolite, actinolite and sotho="

phyllite occur in this way. Much alip-Gber chrysotile is rather harsh. An excems-
ively harsh slip-Sber chrysotile is known as Picrolile. Anthophyllite, tremolite
and actipolite may occur as mass fber, the minerals forming interlocking bundla
o radial groupe of fbers.

Growoaic Occurrzncs

" Chrysotide.—~Chrysotile asbestos is found in two entirely distinct geologie
associations—in sltered peridotite, an ignecus rock very low in silica and high in
maguesis and irog, and in limestone near its contact with sills or iotrusive sheeta

_<of basic igneous rock.

" Clrysotile occurs in peridotite in veins which either form a ne{work in seversl

directions through the rock or Jess commonly lie parallel. The peridotite near the
veins is altered to serpentine. Few of the veins are more than ag inch wide. The °

3 This section and the foﬂowing section on “Geologic Occurrence ™ are taken from
S.ursox, Eowarn, ““Asbeyics in 1920,” Mineal Resources of the Uniied Slau-,

pnnz,pp 312-313, U. & Geol Survey, 1920 .. ‘ -
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48 NON-METALLIC MINBRALS

great deposita of this kind are thoee of Quebec and of the Ural Mountains, regions
that before the World War furnisbed peariy all the worid’s supply of sabestos.
Deposita are worked 1n California, Wyoming and Vermont.

Deposita of chrysotile in limestone are rather wideiy distributed, but compared

to those in peridotite they are small. The fiber may be rather harsh, but it is
wery long, unbroken Sber over § inches in leagth and of tbe finest quality having
been {ound, whereas fiber over 2 inchcs in length is very rars in the deposits
formed in peridotite. Chrymsotile occurs with serpentine at or near its contact
with sills of olivine diabase, usually the upper contact. The deposnits in Arisona
and i the Carolins district of the Tracsvaal are of this type. Depoxits In lime-
stone are found io Arizons, in soulbwesters Moataza, and probably also in
New Mexico. .

Anthophyllite ~Deposita of mass-fiber anthophyilite occur in Georgia, North
Carolina and Idaho. The occurtence of snthophyllite has been most fully
described by Hopkins.! The anthophyllite in Georgis i a product of the siter-
ation of peridotite. The altered rock consista almost eatirely of anthophyllita.
Hopkins pointa out that the fiber in.the commercially valuable deposits has been
grestly softened by westhering, which in this region has been very sctive. In
fact, the snthophyllite appears to have been made fibrous by weathering, for
the {resh anthophyllite, although it has s good prismatic cleavage, is spiintery and
of little or no value. .

Two intercsting deposita of alip-fiber anthophyllite in Maryland and Cali-
fornia have receatly been operated.

Crocidolite.—~The only worked deposits of crocidolite and amosite are in the
Tuion of South Africa.? Both occur aa cruss-fber veins parallsl to the bedding
of an iron-rch siliceous argillite Jocally known a8 “'irocstone.” According to tha
published descriptions, the material of which the vein minerals are cormposed has

" been derived from the inclosing rocks as & result of regional metamorphism. The

deposits cover & wide area over which they occur at the same stntigraphis o

borizon. .

Actinolile and Tremolile.—Aciinolile and trerzolite usually occur in veins as
alip fiber, generally in highly magnesian rocka. They appear ‘o have been
formed by melamorphbic agencies, which have also extensively afeciad the
couniry rock. : . '

Geographical Distribution.—The only typecs of asbestos of any cone :
siderable commercial value are those which occur in strong, fine, Sexible -

fibers }{ inch or more in length, that is, fibers capable of being apun and
woven into fabrics or matted into paper and similar products. The
longer fibers, that is, those over 3¢ inch, are by far the most valuable.
Flexible fibers shorter than ¥{ inch are used extensively, but are of such
Jow value thst they usually are mined only in conjunction with the Jonger
fibers. . ’

tBorxins, O. B, A Report on the Asboestos, Tale and Scapstone Deposits of
Georgin,” Bull. 29, Ca. Cool. Survey, 1914,

YHary, AL L., "Asbestos in the Usion of South Afriea,” Mcemoir No. 12, Geol
Survey, 1918;.0n the Mode of Occurrence sod Distribution of Asbostos in the
“Tracsvaal,” Trens., Ceol. Soc, 8. A/nca, yol 21, pp. 1-34, 1518,
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.- ASBESTOS T 47 : K R
While deposits of asbestiform minerals arc widely distributed over the 1 i .
world, there are but {ew localitics in which high-grade spinning fibers are ! i . A
found ia important commercial quantities. Beforethe World War, Canada ﬁ ‘ 3 N
(Qucbec) and Russia furnished most of the world's supply of high-grade 2 " i w
asbestos. At present Russian production is small and South Africa g - H -
(including Rhodcsia) is the only otber large source besides Canada.  The 2 ! ¥ RN
United States has produced some spinning-fiber asbesios (Arizopa chry- . B ek
potile), chicly during the past 10 years, but most of the domestic pro- - ]:—,'1 o H AR
duction has been of non-spinning snthophyllite. Other countries which p ; .
are amall producers are Australia, Cyprus, Italy, Chica and Indis. e . -
" Conoda.—Canada is the largest producer of asbestos in the world, s - S
and Canadian spinning fiber is generally regarded as of the highest grade » i .-3‘
tmarketed in important quantities. All the aabeatos now produced is of . p R
the chrysotile variety. - ‘I -7
While asbestos occurs in a pumber of districts in Canada, the only -1 P a3
deposits which have been of great commercial importance are located inan 3 < o=
arca of Cambrian serpentine rocks which extends from northern Vermont ] X
* to the Gaspé Peninsula. Within this ares in Quebcc asbestos occurs in ' : : 3
.. three prominent belts. - R
X SR . I INGY
1. The Danville-Orford-Bolton ares, which extends into Vermont. ¥ i e e
2. The Thetford-Black Lake ares. . ¢ < ._»;
- 3. The Gaspé Peninsuls area : s - -%
The Danuille-Orford-Bollon ares consists of nurmerous, apparently dis- . § '%
connected outcrops of serpentine in a narrow belt about 62 miles joog. AR " 7&“
The area is heavily wooded and the rocks are so deeply covered with soil TR ‘s : N ’3
and humus that prospecting and development are dificult. Tbhere has oo ? ¥ 7
beca little production from this belt. " g -
The Thetford-Black Lake area is the most important arca in Quebec I —*?3
and is, at present, the most productive asbestos district in the world. - Ea g
In this ares some of the most productive mines are in Coleraine, Thet- - X i 2
ford and Broughton townships. In the main arca the total length of the N T . AR,
chicf serpentine belt is 23 miles and the width varies from 100 to 6,000 1 P
fcet in the Black Lake area and to 34% miles in Coleraine Township. . TN
. The scrpentine forms knolls and ridges from a few hundred to a thousand ; -'*J
fect in height above the surrounding country. The Broughton and the ) : }
central and eastern Thetford arcas contain mainly slip-fiber deposits. 5
The vein-fiber belt, which includes western Thetford, South Ireland and . r LTTER
North Coleraine townships, has a developed length of about 12 milesand a N : - 4
. maximum width of about 3}¢ miles. The vein-fiber belt producu the R0 3 .
highest-grade crude and spinning Sber. T T S

¥ The most extensive work on Canadian ubamuth.n by an:z.,l-' work aud, t .
318 pp. . . o 4 : SR
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-43 NON-METALLIC MINERALS .

The chrysotile veins interaect portions of the serpentine in every dires- -

tion, but they usually follow straight linea. The cross-fiber veins vary
in thickness from mere threads up to 2 or 3 inches, but the bulk of the

asbestos mined is from ¥ to ¥ inch in leagth. Tbhe longer fiber is often -

divided in the middle by a seam of serpentine carrying magnetite or chro-
mite. Usually, the asbestos can be easily separated from the rock. Slip
fiber occurs along siickensided fault planes and the fiberisarranged paralic]
to the walls in thin films, or in layers up to 3§ inch or more in thickness,
The slip-fiber veins yield only mill Gber; it is often of aa good grade as
mill fiber prepared from cross-fber veins, but it is somctimes rather harsh,

The Canadian dcposits are very extensive and the known ore reserves
are large. Apparently the quality or the percentage of fiber varies little
with depth. While thelong fiber ia the most valuable, it occursin relatively
small amounta and the chief production (by tonnageh is of the mill-Sber
grades.

In the Gaspé Pentnaula cres some a.*bestos has been found, butdif-
culty of access has prevented the region from being adequately explored.

A small amount of chrysotile asbestos has been produced at Deioro,

near Porcupine, Ontario. The absestos is reported to occur in veins, up

to 21¢ inches wide, in scrpentu:e and (o constitute as much as 12 per cent
of the rock in piaces.

Union of South A frica.*—Important deposits of asbestcs occurin severs]
localities in the Union of South Africa. The principal types of asbestos
which have been produced are crocidolite and amosite, but chrysotile
is also worked snd will probably become of increasing importance.

Transvoal posscsses important deposita of chrysotile, crocidolite,
amosite and tremolite. ‘ _

Amosite is found only in a belt in northeasitern Transvaal between
Lydenburg and Pietersburg. This belt, which is about 60 miies jong by
an average of 6 miles wide, contains three groups of interbedded, cross-
fiber veins, varying in width to a maximumof about 12inches. Theveins

are worked by underground mining. .The principal mines are the Eguep *

and Amosa, situated pear the farms Penge and Strestham, which furnish
about four-fifths of the total output.

In the Carolina district chrysotile of good quality is mined pru:cxpany .

1a the Diepgezet and Goedverwacht aress.
High-grade, purc-white chrysotile occurs dear Kaapsche Hoop about
28 miles northwest of Barberton. Here the percentage of fiber is very high,

averaging sbout 40 per cent fiber and 60 per cent rock. Moreover, over .

¥ The best work on the asbesios deposits of the Uniog of South Afriea, i by
Harw, AL, work citegl, 152 pp. Sce also Bary, A L., “On the Asbestos Cocurrencs

pear Kaapsche Hoop in the Barberton Districh,” Troms. Gool. Soe. S. Africa, vol. .

24, pp. 188-181, 1921. (Abstract in Zng. 'l!mmg Jour.-Press, vol. 113, No. 13,
p. 624 Apnl 1, 1922.) The sccount here given is taken largely (o H;ll s work as

abatracted in "Aabeum" (19]3—1919), work dted, pp. 14—16. .
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a5 per cent of the fiber is over 1 inch long, compared with less than 1.5

per cent in Canada.

In Capc Province crocidolite is the only variety of asbestos worked.
It occurs in interbedded cross-fiber veins in a belt extending from the
farm Lovedale, 20 milcs southeast of Prieska, in a northeriy dircction as
{ar as Mashowing River in British Bechuanaland, with s possible exten-
sion into the districts of Vryburg and Mafeking.

In Naial chrysotile of infcrior grade occura somewhat sparingly.

Rhodesia.'—Rhodesia is the most important source of asbestos in
British South Africs. Both chrysctile and amphibole asbestos occur
abundantly in many localities in southern Rhodesia. The largest pro-
duction comes {rom the Shabani fields in the Belingwe district and {rom
the Mashaba ares in the Victoria district. In both arcas chrysotile of
excellent quality is found in veins of the cross-fiber type. The Shabani
field, o far as it has been explored, ia about 6 miles jong by 1 mile wide.
The fiber variesa from }¢ to 2 inches in length. The Mashaba area seems
£o be smaller and the fiber is rarely over 3¢ inch in length. The yield of
asbestos fiber in the Mashaba ares is said to range from 1 to 1.5 per cent
of the rock broken, and in the Shabani area {rom 1.5 to 3 per cent.

Asbestos also occurs, and bas been prospected to some extent, in the

"Lomagundi and Bulawayo districts,

Russig,*—~While Russia before the World War was the second largest
producer of asbestos, recent detailed descriptions of Russian deposiu are
pot available. A general description of these deposits was given by
Diller?® in 1908, from which the folowing is taken:

Russian asbestos is rouch harsher to the touch thag Canadian, and less suit-
able for spinning, but before the Worid-War the productios waslarge and growing.

There are two general districts in which asbestos has been produced. Ths
first, and by far the largest and most important, is in the Perm district of the

Tnals in which there were 25 mines in operstionin 1905. The principal mincsare
5! miles north of EXaterinburg, where a zone about 18 milcs long by 2 to 3 miles
wide has been developed, but other localities are kaown nearly to Orenburg.
The other developed district is in the Minusinsk district on the Yenisei River in

Siberia, but many other undeveloped depoaxl.s are reported in the AJLu mount.unl

Tegion and o the southward.

Before the war most of the Russian asbestos was exporied to Germiny.
For several years after the Russian revolution no asbestos production
was reported, but & small production was noted in 1922,

1See Mrxvnziy, F. P, 8. Africa Jour, Ind., vol. 1, p. 1411,1918.  Also anonymous

‘articles in §. Afmca M:nmg Eng. Jour., sp. ecL, pp. 82-89, December, 1920. The
description given here is from "A:bauu" (1913-1919), work cited, pp. 11-12

? Sce Cinxrr, T, work cited, pp. 222-229. . Cl

7&-7(3 U. s Ceol. Survey, 1908,

¥ Diesy, J. 8, "A.sbatoc," Mineral Raau.rau of the Unilad Slala, part 2, j-7-9
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United Slales.'—Both spinning-fiber chrysotile and pon-spinning '

anthophyllite occur in the United States, but the former is not found fn

Iarge quantities, and production, compared to that of Canada, bas been -

very amall. While deposits of asbestos have been reported in many
states, production has resulted (rom but few depositsa. Arizona has been
the only imporun't. producer of chrysotiie, but a small production hss
come at various times in the past {rom Vermont, Wyoming and Cali-
fornis. Anthophyllite has been produced mainly in Goorgis, but Idabo,
Maryland and Californa have also been producen

Arizona. ’—Chryaotxle asbestos occurs in severa! localities in Arizona,
but it is miped chicfly ic two regions: in the Grand Canyon, and in the
Beid 24 to 40 miles in a direct line north and east of Globe. Tbhe produc-
tion in the Grand Capyoan district has been amall 3nd not continuous.
The Globe field is about 50 miles iz Jength and 20 miles in width in a
deeply cut mountainous region along Salt River and covers an area of
of about 700 square miles. Most of the mines in the Globe region are in
four districts; (1) near Chrysotile on Ash Creek, about 41 miles from the
raiiroad shipping point; (2) near Salt Bank on Salt River; (3) near the
summit of Coon Creek Butte, at the south end of the Sierra Ancha;aad
(4) pear the bead of Sloane Creek, a branch of Canyon Creek.

The asbestos, which i1s of the cross-fiber type, occurs in veins in lime-
stone chiefly pear the upper contact with intruded sheeta of diabase.
Arizooa chrysotile difers chemically from Canadisn chrysotile in the
very small amount of iron oxide which the former contains (Arizons
usually 1 per cent or less of FeQ and Cacada usually 2.5 per cent or more

of FeO). A part of the Arizona fiber is very soft and silky and s part s

barsh and splintery. These t¢wo phases oftea occur in the mame vein
with no visible boundary between, and are hard to distinguisn. This

- pecessitates very careful sorting and milling if a high-grade fiber is to be

produced. While spinning fiber of good grade and length can be pro-
duced, users state that the highest grades are so fine and silky that there

iz a high lcss in spinning. Fiber lengths up to 4 inches sometimes occur .

but lengths Jess than 214 inches are most common.
Vermont.'—Asbestos deposita occur st four localities near Lowell,

in northern Vermont, connected with the serpentine belt which contains -

the great asbestos mines of Canada. The asbestos is chrysotile of both

1 Sce Drrezr, J. 8., “The Types, Modes of Occurrence and Important Depodts
of Asbestos in the United States,” Bull. 470, pp. 505-524, U. 8. Geol. Burvey, 191L
Sce alx AMincral Resources of the Uniled Stales, u. 8 Geol Survey, aasual, for various
Yeans, particularly since 1907,

? Sce Mineral Resources of the Uniled Stales, U. B Geol. Survey, part 2, pp. 342-347,
1913; pp. 96-99, 191¢; pp. 167-201, 1917; pp. S48-851, 1918; pp. 300~304, 1919;
pp. 313318, 1020; pp. 136-138, 1921, ~ -

¥ Sce Ricuanroson, C. H., Saxn.!.’u Annud Repor!, ‘Vermont Geol. Survey, 19
315330, 1909-1930. - e
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ASBESTOS 51

the cross-fiber and the slip-fiber types, but it is so short that only mill
fber can be produced.  Beveral unsuccessful stiempta bave bocn made to
work these deposits at various times.

W yoming.—Dcposits of cross- and slip-fiber chrysotile sabcstos occur A

in Wyoming in several localities and fiber has been produced in small
quantitics at various times in the past. These deposits are located (1)
on Caapar Mountain, 8 miles south of Caapar; (2) on Bmith Creek, 20
miles southeast of Caapar; (3) 285 miles south of Lander; (4) near Berry
Creek in Lincoln County, on the north aide of Forellen Peak 35 miles
from the pearcst shipping point &t Ashton, Idaho.

Some of the Wyoming fiber is 1 inch Jong, but most of it is much
shorter and but a very ammall porportion is of spinning grade. -

California.—While asbestos, of both the chrysotile and amphibole
varieties, has been found in at lesst twelve counties in California and &
amall production obtained from a few properties, no large deposits of high-

grade spinning fiber have been developed. Most of the deposits are
apparestly amall or of low grade, and production bas becn only & few tons

s year.

Georgic.'—Mass-fber anthophyllite asbestos has been produced
for many years in Georgis. While occurrences have been noted in many
counties forming a belt acroas the northwestern part of the state from
Rabun to Harmis counties, the most important deposits are in White
snd Habersham counties. The chief deposits that have been worked
are 3 miles southwest of Sall Mountain in White County and near Holly=
wood in Rabersham County. In the best portions of the deposits the

whole rock is fibrous and as much as 95 per cent of the rock quarried ia ~

recovered as fiber. The rocks of the region in general are deeply
weathered and the workings are confined to open cutls or quarrics inthe
wecathered rock. At greater depths the rock is harder and less Sbrous
While the Sber is long, it is so brittle that it is valucless for spinning
purposes. It has been used chiel8y for msking fireproof paints.and
ecmenta

Idaho.—Anthophymte ubestos similar to that st Sall Mountain,
Georgis, occurs about 14 miles southeast of Kamiah, Lewis County,

Idaho. The Bber is short and brittle, and therefore suitable only for
low-grade uses. A small tonnage was produced annually {or a few years,
and the Sber shipped to Spokane, Washingion, where it was used for
paints, cements, pipe’covering, plaster and other Jocal purposea.

Moryland.—Slip-fber anthophyllite asbestds occurs in the softened .
and weathered portions of gneissoid schisis a few milcs north of Pyless -~

sille, Hartford County, Maryland. ‘The veins are generally small and

the usable portions limited to the disintegrating residual material within 3
?Sce Harxung, O. B., “The Asbesios Talec and Soapstone Dcposxu of Gmrxu.,

2 29, pp 125-189, Ga. Gool. Survey, um.
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C .82 NON-METALLIC MINERALS

10 fect of the surface. A small annual tonnage has been produced for

- several years. The fiber has been cleaned and prepared for filter purposes.

D Other Slafes.—Small deposits of amphibole asbestos bhave becn

} ' reported pear Dalton, Massochusdls; New Hartlord, Conneclicut; -

_ , e Cumberiaod, Rhode lsland;, Paleros, Washingion; Bedford City and

S ! Rocky Mount, Virginia; Cane River, North Carolina; and Liano, Tezau.

‘ 1 ! * A small output of low-grade ssbesios (variety not noted) was produced . -

| in 1918 a few miles north of Mount Verncn, Grant County, Oregon. -

b Chrysotile hss been reporied on the head waters of East Mile Creek,
: Moniong; and pear Great Falls, Virginia. -

! . Cyprus.—Large deposits of asbestos occur on the Island of Cyprus

and production kas been important. Both chrysotile and aathophyllits

are found, the former at Amianods, near Troodos in the Limasol district.

b The best grades come from Paphos. Much of thé material produced is

P . short-fbered, but some is of a grade that may be mixed with Caudiu

: Sber.

Italy.—Italy is & small producer of asbestos, most of whxch is appar-
ently of the amphibole variety. There are three asbestos districts in
bog Italy: (1) in the Susa Valley near Mount Cenis; (2) in the Acsta Valley.
I : {from lvrea to Chatilion; (3) and in the Valtcllins district of Lombardy

; pear Sondrio. Italy docs not produce sufficient spinning fiber for her

, own needs, but importa chiefy from Cansds and Africa. ’

- Other Couniries.’—Asbestos deposits, of both the chrysotile and

) amphibole types, are known in many other countries, and {rom some

of them bave come small and irregular productions, but none of them are -

C of great present importance. This may be due to small size of deposts, -

. E low grade of fiber or remoleness from transportation and markets

' Sorme of the countries in which deposits of asbestos have been worked

: or have been reporied are: Awusiralia, Ching, Japan, Indic, Finignd,

il Swilzerland, Greece, Turkey, Partugal Spain, France, Germany, Aorwcy

) 4. and Great Brilain.

: Producton and Consu.mphon. World Production.—The productxon :

p of asbestos in the principal asbestos-producing countries in the world .

> -is shown in the following table prepared from statistics collected from

ng: various official sources. B

=N 1t will be noted from this table that Canads is by far the largest pro-

A ducer of asbestos. The figures given, however, are somewhat misieading,
in that much of the Canadian production is of the lower grades of mill
fiber, shingle stock, etc., while most of the asbestos produced in Rhodesis
and in the Union of South Africa ia of high-grade. spinning fiber. The -
local consumption df asbestos in these Jatler countries is very small and
bence there is little local demand for the lower grades of fiber. These

. " lower gradcs cormmand (oo low a price (o jusiiy the expecse of {ranspor- |,

i
l
|
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“Wonwo's ProoocTioN OF AssxsTos 1013-1921 A . L
Metrie tons : ; : 23
: 3 -
3913 1914 1918 1818 b3 234 1818 1819 190 1921 . ¥ * ,'.;
L] M . - —:
T ; RIS
Awtraiia: - { b ) ?
Nes South Wabm. ... “; -_ . ‘ 3 L
INATTRIORON ot : A i
.o .
= 3%3; . N
: 17,718 g SR P
. 4.8046 i SR 1
Han e :
ko) _ 4 b .
.. ro :
Fe 1! B % : “, .
< S
¥ 3
! 2.00¢ A g
: e ] S
Approsimata total. ... x«.o‘:lxoe.ms nl.woluo.4n 140.997(144,215 uo.zzin:.miu:.m ! L e
B 2
« Figurm Bot yet available ' Co.t " ;
tation for Jong distances. The distribution of Canadian (Quebec) pro- . . ' .
duction by grades in 1920 is shown in the following table from Mineral ¥
Industry: ‘ :
PropocTiON or AspraTos N TRX Province or Quesec rox 1920 ° , o
- < ¢ .
Shipments and sales Average | S1o°k 08 hand, Dee. S ¢
iy 31, I920 - s :
ue ; ) -
"Devighation of grade | Tons Valus per ton Topa Value §
D CrudeNo.l.........| 1,028 |8 1,513,457 | $1,475.10 | 446 | 3 659,259 T
! CrugeNo.2........| 2,830 2,295,927 811.28 854 829,438 RN
E Spinniog Sber.......| 13,983 | 3,915,582 280.02| 1,929 653,115 T
> Shingle Sber......... 16,784 | 1,852,210 110.38 | 1,306 172,478 o
5 Paper stocks and ] . SR
. otbers............| 142,982 | 5,097,418 35.85 | 18,828 | 118,080 L
1 . PO
-4 . » .
; 177,605 | $14,674,572 | § 82.62 ! 23,361 | 32,432,348 -~ s g
: . &7 N
Asbestic........| 19,7168 43,359 |8 320 125/ 374 E ; . Vg
t Totals........| 197,321 | 814,718,131 | ......... | 23,336 | s3,432,82 - ° i TR
'3 . o . <
Quantity of rock mined during the year, 3,099,122 tons. N 3 2 . , '.:
] { : H . . S Ly
] United Stales.—The United States is the largest consumer of high- § - R
xradeasbestos in'the world and the largest manufacturer of asbestos goods. C3 Dot
Donzc:ﬁc production. furnishes only s very small proportion of the D ¢ L2
requirements for crude asbestos. While imports con® chiefly {rom SR, ; . RNERES +
-— o S
e e A
¥ T z b
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Canada, South African and Rhodesian asbestos is being uacd inimportast 1
. .. ‘ ! and increasing amounta.
. b The following table published by the U. B. Geological Survey shows -3
. : . the domestic production of aabestos in recent years: 3
) - Doxreric AsapsTos MaxxzTes ™ TRy Tarrro Srarrs 1013-122 ]
b [ 'q
ij Curysotile Amphibole Total .
) .. i ) : : o Year k ©T "‘
N L 3 - .| Bbort Valve Bhort Value Bhort “Value .
- . tons toos tors Yy
. ‘ . . °3
2 B 213 . | eeevee| wevennn. | 1,000 {811,000 {1,100 {811,000 . ]
e B 1814 2 (8 8,45 1,225 13,515 1,247 13,985 7]
a0t T191s 318 65,148 1,415 11,84 | 1,731 78,852 7
L NN 1916 . | 808 | 167,883 830 | 13,311 | 1,838 | 180,994  ::
11 1917 1,361¢ | 27,270 587 | 11,744 | 1,958 | 291,014 )
i1l 1918 392+ | 101,089 608 | 17,828 go8e | 118,887 . -
11 1919 52 | 229,288 638 | 19,000 | 1,161 | 248,285 s
. E . 1920 1,245 | 661,907 403 | 16,34 | 1,648 | 678,31 | - 4
k | . 1921 438 313,288 393 3,70 83t 338,968 . 4_]
It %3
- 3 ; * Revoud figures. p
o ) 4 . In recent years most of the domestic chrysotile fiber produced has = -
. - j i come {rom Arizona aad most of the amphibole {from Georgia Y
q | Imports and exporta of crude and manufactured asbestos are shown .3
in the following table: !
‘.j ; Uxrreo Stateas Inpoats axp EXPoRTs 07 Asazsroet g
3 : In long tons i
N = -
- - , 1 T
N DBy . Manoe K Mianue W3
| . el
: : l 5 Year Trozanufactured factured Unmanufactured facsurad
- P Il o - '
. ] A e
2 : N i Tl Quastity Value Value {Quantity{ Value Faloe _ "
fOF 1 0 Tz | e3.880 [ 41,456,012 |3363,759 | ... |........ls e;r,7or .k
107 .- 13 | ss737 | 1928705 389,664 | ... ... TSR
- ’ 4 ! | 1914 64,188 | 1,407,758 | 368,344 P cesecean 513,037 - 3
- 1 . 1915 83,541 1,081,483 { 137,30 . ceveanes R 764,050 -
) e K o 1918 | 103,716 | 3,303,470) 135064| 279 (s 6,133 1,209,076 .
< 1. - 1917 | 119,739 | 4,521,172 | e6S,008 ! &2 118,580 1,832,881
-- ) EEN T 1918 {122,946 | 6,337,885 27,478 | &= 51,053 | 2,493,325 ..
1.k . 1919 120,777 | 7,389,885 | 257,381 999 157,416 | 8,529,348
. 3 i (I 1920 149,805 9,120,233 619,054 549 141,071 | 4,431,122
- -4 1921 04,698 2,918,802 | 379,858 404 101,618 | 2,806,428
-~ i I . :
. 9. .
R ) . i ¥ Buseau gf Forciga 20d Dowmesiis Commarma . .
R { ‘P '. -, - . O : “:' : Ll' s
4 ‘“ R . . oL g ol . .
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Grea! Brilasn~—Great Britain produces practically no asbestos, but

is the second largest manufacturer of asbestos products. Raw asbestos is

imported chiefly from Canada, Rhodesia and South Africs.

Mining and Milling., Canada.'—Mining methods used in the Quebec
districts may be divided into three general classes; (1) open pits; (2)
*giory boles” and shrinksges stopes; sad (3) cornbined open and urnder-
ground workings. Methods used in mining alip-fiber differ Trom thoee
used at cross-Sber deposits, for in the latter type the long fiber (“crude’)
must be carefully separated from the mill fiber before milling, whils in
the slip-Gber deposits no such care is pecessary and nearly the entire
output of the mine is milled.

The earliest workings were all of the opea-pit type and such operations
are still the most common today. ,

' “Ihe overburden, consisting of clays, sands and gravels, varies from
practically nothing 1o s much as 60 feet. Methodsof stripping vary from
simple hand methods, where the overburdex is light (5 to 10 feet, as at
Broughton), to steam-shavel and bydraulic methods {or very heavy over-
burden (up to 60 feet or more, as at the King mine at Thetford).

After the rock ia stripped, the pits are carried downward in benches 20
40 75 feet high (average about 40 feet). Drilling is now usually done with
compressed-air hammer or piston drills, ranging in size from light hammer
drills to heavy submarine-type drills which will drill 3-inch holes to a
depth of 75 feet. Alter the ore is shot down, it is further reduced in xizs
by block-holing or mud-capping. Slip-Sber rock is then lcaded directly
into buckets, pans or quarry cars by hand or by small steam shovels.
Cross-fiber rock is first carefully sorted and rough-cobbed to remove all
the crude grade, and the mill rock is then lozded into pans for boisting.

The crude grade is recobbed, re-sorted, graded and packed in bags for -

shipment.

In small pits hoisting may be done by derricks, but in large operations
very large cableway systems are used. At one mine narrow-gage cars
are boisted through an inclined tunnel to mill bins or waste-rock dumpe.

At the surface large bin storage for mill rock is often provided, to
{acilitate continuous mill operation during {he winter months.

Where the open pits have become tog deep for efficient operation, or .
where the overburden is too heavy to be removed economically, under- .
ground or combination methods are used. In some mines tunnels are .- -

driven under the pits and the ore milled down through raises intc cars
below (glory-hole system). A typical shrinkage-stope method is used by
at least one company.

-

Anotber mine is developed by s three-compart. -
- ment, vertical shaft 515 feet deep. In this mine the ore is recovered by -

.= 30neof the best recent articles on asbestos mining aad milling in Cansda is that * - |

by BoRKrvsrx, W. A, “Asbestos Mining and Miling in Quebec;” Eng. Mining

* Jowr.-Preas, voL 113, Noa. 15 and 16, pp. 617625 sad 670~877, Apr. 16 and 22, 1922
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&6 NON-MEBTALLIC MINERALS

gIory boles extending to the surface or to the botloma of old pits. Bome
mines are worked parily by ordinary open pit methods aod partly by
glory-hole methods,

Milling methods, used at the various miils, vary in detail, but they are
pearly all identical in principle. The objects of milling are to recover as
much of the Sber as poasible {ree [rom dirt and adhering rock and to handle
the ore aa gently as possible in order to minimize the reduction of fiber
leng:h by attrition. The general methods used are: coarsc—crushing; dry-
ing; recrushing in stages, esch stage being folowed by screening, durizg

. Zeater arlmpelersesav "

Tha. 2.—Skeich of “Llaune Cruione.”.

which air suction effects the separation of the &ber from the rock gangue; -

collection of the fber; cleaning of adhering dust and roek particles by
rescreening; grading; and, fizally, bag,sm,, for shipment.

Primary crushing is usually done in jaw crushers,and dryingin direet

or indirect-heat rotary driers. Secondary crushers may be of either the
jaw or the gyratory type. The screening at this stage is usually done on
long, fat, shaking, screen tables, which serve to remove fine rock waste and

gpread out the ore so that the {reed fiber may be removed by suction.
The final stages of crushing or grinding are done in special ¢types of pul- -
verizers, known as “Cyclones" and “Jumboas,” developed in the asbestcs

' mdust.ry RuKeyser,! in descn'bmg these machine, states:

The desired effect in the reduction of the ubatos-bunng rock is one d
straight impact and disintegration, permitling the freeing of the fiber and at the
same time “fuffing” it. A minimum of grindiog or shear action is desired.

s RUK::;:&, W. A, work cited, pp. 874878,
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“ape “Cyclone” (see Fig. 2) consista emsentially of two cast-sicel impellers i :
ahaped like & ship's screw, weighing approzimately 1,000 pounds each snd made v H
10 revolve at & high speed (2,000 to 2,200 r.p.m.) in an inclosed chamber lined . B ,
I : with mangancee-stcel plates to withstand the impact of the rock hurled agningt i Ll T+ L - -
{- it Ifa Josscr action is desired, the impellers may be made o revolve in the same s ; T
HS direction, but in the usual practice they are rotated in oppoaite dirpc‘.ion to each ¢ Toa s _j
! ’ otba. It is claimed by many that the “Cyclone” produccs a grest amount of T . - r..:
. atifition, injuring the fiber; is of low capacity, waateful of power and necemie : 3 Y
’ talor frequent and costly repairs. The impcliers must often be changsd every ¢ g 3
. two days, owing to Lhe-hig’n speed at which they are revolved. and must be bal- i ) ; . e ‘_'_.‘“.
i anced oa their shafta with extreme care. : = . ‘r" ‘ - "f‘ TS
i A SR A TR
B f .__........-.-—-------.-950-'---—— .......... y " . T
A = e o
. "B - ‘y R <
- i : .] é l o - A P _l"“;
.. ¢ 3 2 g
3- | = d . . :
B ﬁ;’ Se/ L H D) . : . =z
- - h \-’QJ L ‘.»_l
! Jh — . g - . -
oy Beatrdrmg | mdmes) Case - o , . . s <3
; Dicrirge ~Seaiedrms © (Gfimanca) luiry carimuy _ L g .- Z
[i . Strel Prte Soell in hoiess A ) . ;;
& Fro. 3 —Sketeh of “Jumba.” ’ . : Cos < M
1Y . e .
: The above considerations led to the development of the “Jumbo,” s rschine, . ' - .
HE letler mechagically, which kas for some time replaced the “Cyclone” on the . . i = .

Brogghton rock. Within the past two years much experimentation has beea  °
. done using the “Jumbo” on the harder Thetford and Black Lake rocks, and the R
machine is inding a grest deal of favor with sorne operators who have discarded " £

the "Cycione.” The “Jumbo” (see Fig. 3) is really a modification of the ordi~ i
nary pulverizer, consisting primarily of s horizontal shaft fitled with s serics of
arms, these in turn carrying “beaters.” The whole is caused o revolve at {rom

TR I
LAREELY
Ve b
O
v .
.

‘|‘.~.,_,-»5M‘ '~;~wmwm'”"."-'w IO n‘—-dn.-g‘-‘uqmwwwh A’ .
e @ . | x',"_." .

° 400 to 800 r.p.m. (as the nature of the rock dictates) in a cylindrical casing lined hi : ':_f s
I- with ryitable plates. Tae rock, {ed from above at one end, is made to pass o "2,
' through the machice by a deflection of the beaters, and drops out st the - A '
; olhd @d- N -— . : free ~
3 . .
i From the “Jumbos” or “Cyclones” the ore again passes over a series -~ :
7i of screen tables until the fiber is all removed from the rock by suction. °. - .
: The fiber is collected in conical stoel-tank collectors, passed through a - - wr
?E scrics of rotary or shaking-table screens, to remove dust and rock particles, - s
i ~ andthen to graders. Graders are slowly revolving hexagonaloroctagonal - h
;? screens, which separate the asbestos into the commercial lengths of fiber. - | ~ S T
L The products from the grades go to their respective bins from which they 7 i :
ii . s packed, in 100-pound bags, by hand or by semi-mechanical packers. :
by . ‘- . .~
L e B =
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The accompanying Sow sheets (Figs. 4 and 5) after RuKeyser P
are said to be typical, ope of cross-fiber milling at Thetford and the . 1
other of alip-fiber practice at Eroughton. B 3 _ .
An approximmate estimate of the pmpor‘.xom of the various grades of : }
§ber produced at & modern Canadian mine and mill as noted by Dustaa! L ; ] ol
. * Tl 4 L0
. . . ? . ‘
. Blo . L ’ K 4 ..'.;g
{1000 Toa) ) - 1 i 3
. Jaw Cruoshers .;:: i . .: :‘L?
A S %
: : i T3
- : ; i
' ¢ v A
Tr7 Rock Ble . g . 3 ‘__-.‘}:
: g
i . SRR :_:3
Jaw Crusher Elevetor : ‘ L R ,.‘_-5&':
] } - ol :;‘
) .. .';.;,
A
. «%
_— 3
| i o7 g
f $ i
X ~
~ ! Lewt
LY Y . P
' 2
; 2 3
3 > ¢
g ‘zcs:n&d-: 'I'nlu:p—3 ) i‘
v Shaking Screen L g ‘
bt —‘No.s Dusting * :
) ° ’ Tmmuu.l :
: '
; Ta. §~Typical fow-shest of a slip-Gber mill. . -
Yo o :
i is given below. The figures given are not averages and individual mills :
probably show considerable variations from these estimates; for example, ¢

o

the percentages of mill fiber shown are higher than recent Bverages fox .
] operations in Quebee. . A LT

phRe SR
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1Donerax, B, *
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P 7
! Asszsros Minz a0 MiL Propucrs
- Tromanulsctured grades and their approximate percentages (o mice and mill rock -f‘
- - Orwerat Ranen T
et . - or Pracxwraiom,
el PacrocTs AXS Wasrs Fxa Cowr g
L. From the roek mined: : :
Crude asbestos - e
e n - " Grade I (over 1imeh)e......... termeiioesnssncasssecces O t0 0.3 e
DR T Gnade Il (average ¥ ipch)e....... ereenens veereeeeeee 0.3t 0.9 <7
Milling FOOK. ceceveeeasstasarscasasccscrasssssccccacees 30 4060 R
. Mine WaARle. . iiiociiictciaittiisctnsserncrcsasseaas 40 0 T0 -9
L From the rock milled: ' - o
Mill 5tock. .ceuerrnnnn. e teeeeecettetenerarenanaenn vieee 6 4012 4
. . Mill fber, No. 1 (avernge 3§ inch P . . .. cvaeriverieeenes 0580 2 3
Mill fiber, No. 2 (sverage 3 inchP..ceeiirediavnieeans. 1.5 t0 4.5
Paper stock (wtmce}-{ix:n:h)‘..............;.....6 ..... . 4.0 8.0 7y
Mill wasts (0F). .. .vveeuecesssscecsssscsasrorsssncccaancee 53 10 B4 : -
Asbestic powder and mnd*..... tececetstancoaranas Maeeae AR X 3
(and) Mill waste......... eetactcsesaissctosasrectancian vees A O 44 A :j
Contents of total wsbestos: . _‘1
Crude ssbestos (grades Nos. 1and 2)..._..... cesaasenea .. 3.0 8.0
. Mill stock: R o
Mill fibery, Not. 1 and 2. iiieendiiinnceaceneaccaceacase 20 1040 ) oA
Paper stock.......... ceanee Ceercsacsissrscscsissescacns 60 o8 © o "
. Total mine and miil product {rom rock: .
Total asbestos (all grades except ashestic). eveeunrvenninasn 3.8t 7.4
Crude asbestos (grades Not. 1 80d 2)..civeeanannnn, 4eeee-s 0.3 0.9
Mill slock (Gbers Nos. 1and 2)......... Cesescesasitanas . 1.5% 2.9 -
s Paper stock (mill Sber No. 3P.ccvveinennnnns ceacacececane - 1.8% 3.8 . 1
. Asbeatic (powder and sand)*..... veeseas ceseiastennsianans 20 w3 )
Total waste rock (mine and mill)....ccoeauuen. eesesansenes .87 to§7
. ¢ Spinning qualily varies {rom }{ e over ! ined.
S Quality suitsble for manufaciure of paper, shert, bonrd, wis, ‘;
S ) ¢ Buitable for paict, plaster, esa "
. 4
. . 3
United Slates.—The chrysotilc asbestos in Arizons is oblained chiedly y
. by underground mining methods, usually by tunneling along the asbestcs 3
veins. In 1918, the Ash Creek mine was reported to have about 10,000 1
fcet of underground workings arranged in four levels, of which the longest 1
L. tunnel reached a point about 600 feet into the mountain. Nearly all the 3
. Arizona asbestos has been marketed as hand—cobbed crude, as no mills 1
. have been erected. A . ) E
In California both underground and open-pit methods of mining have ;
R been used, but,production has been very small. - In 1921 two mills were 3
P built, adopting the principles and machines used in Quebee. 4
e In Vermont, mining has been done by open=cut methods, but there X
RS has been no commercial production in recent years. Several mills have
s . . BE
20 13
.. .: ::. '-. N '-4—' '74\":;‘
v, g .‘ v ,:.: o .‘-_
R o , T -
< e i e
- RY S : sf" wE '.';"-«"'L_ﬁw“ Lot a T, T Ll
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boen built at various times, the latest completed in 1922, following the
methods used in Canadian slip-fber mills.
- South Afmica end Rhoderia.—In the various sections of the Union

and of Rbodcsis both open-pit and underground mining methods are -.

used. Often the open-pit workings are small and irregular, but in
the larger and deeper underground mines more systematic methods are
used. For example, in the southern sections of the crocidolite ares of Cape
Province a vystem of overband stoping is used without timber. The ore
is roughly hand-cobbed underground and the waste is allowed to accumu-
late in the workingy, 8o as to keep the Aoor within working distance of the
rool. .
Milling methods have usually been very simple in the past. In most
caxcs the cre has been hand-cobbed, screened in hand sieves or simple
mechanical screens, graded and bagged. At some of the operations in
Rhodesia more elaborate methoda of preparation are reporied to be in use,
but no descriptions are available.

Specifications, Grades and Tests.—Since, for most important com-
mercial uses, strong, fexible fiber is needed, the brittle anthophyllite type
of asbestos needs Little mention here. The chiel exception ia that of filtess
Eber asbestos.  For this purpose a {airly strong fiber is needed and the
asbestos must be of such chemical composition that it is practically
ucaffected by common acids and alkalies. Tremolite is often used for

this purpose.

Some of the physical properties which good asbestos fibers must

possess for various uses are as follows: good fiber length, good fexibility,
Bnc fibers, silkiness, high tensile strength, resistance to acids and alkalies,
resistance (o ses water and moist air, high melting point, resistance to
heat, high heat-insulatiog value, high electrical-insulating value, good
“spinnability ”’ (that is, capabie of being easily spun inlo products of good
quality without undue loss and breskage of fiber). There are now s
many and such diversified uses for asbestos that not all of Lthese properties
are necessary for any sipgle use. Thus, short fibers may be used for
asbestos-paper and asbestos-cement shingles, whie long fibers are needed
for asbestos textiles. For some purpcses two or more types of asbestos
with diferent physical properties (for example, croczdohte and ch:ysotﬂe)

may be mixed advantageously. et
A companson of some of the physical properties of crocxdohbe chry'ao- .
tle and amosite is given in the fouowmg uble' o AR
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€2 NON-NXTALLIC MINBRALS
CoxrarisoN or Prorzaizs or Caarsorniz, Caoccoowrre axp Axoerret
Preparty Qiryvollle Crosidelite Amenie
Fiber tength (esl madimem).coo.. (5 02 loehes|1}4 o3 lncher |7 inam
Tramis srengtd. oo... cecescasacccesscsascanesst Kigh Highar thas | Comt
* ehrreeie .
Plrmbillty ... civesncsscsssscssersecasasorsnncs| Figh High Cond
Focoem of 8. .iiiunuerocrstcranas oaas ] Tine Fise -
Ramusianos to bemi..... teewasacsrensrosssasesess} Goad, bul bl Poor. e 0| Cond bat b -
somes britke | & glase some Drttile
Renistanoe ta scids, slkase and ses valer.........| Poor Good Ceed
Eeactncal-imsuialing Ya®8. ccocencscnccnnroracss.) Tair to goud Good .
Boaldnsulsbidg YoiWe. .covveencacocasroscansaens Cond Cood {or wai | Cosd
srale hani -
Bolana iy . .ociecncscacranscccccsamancessases | LIoalant Yair Pair R

!"b‘;wmuloudu.‘:nnw-pbub-cgﬂ-d“m
Agthontion Caxty aod Hasi, woris wied,

For spinning purposes, Canadian chrysotile is considered the best in

the worid. Anzons chrysotile is good, but is apt to be lacking in uni- -

formity and to coptain harsh, brittie fbers. Some users state that the
fber it so fine and silky that there are large losses in spinning. Crocido-

lite is not in high favor in the United States, because it is rather difScult -

to Sberize properly; it is rather dirty and dusty compared with Canadian
chrysotile; and its fusion point is Jow. "Crocidolite and amoaite, usually
mixed with some chrysotile, however, are used much more extensively
in England aod Europe. Amosite Sber is harsher than chrysotﬂe, and
is rather dirty and dusty to handle; it hss been used but litile in the
Tnited States. ) ‘
Asbestos is often erroneously called s refraclory roaterial, but it cape -
not properly be so classed. Crocidolite fuses at a relatively low tempers~
ture to a black glass. Both chrysotile and amosite lose their water of
composition at a moderate temperature and becorae inflexible and very -
brittle.
with such msterials a3 basic magnesium carbonate. Asbestos is non-
combustible and capable of being woven into {abrics, and these are the

properties upon which much of the value of high-grade asbestos

dependa.

The quality of asbestos and its suxtabﬂzty for most uses may be easily
delermined by a few simple tests. Length, color, silkiness, fexibility
and, Lo some extent, finenesa of Bber and tensile strength may be detars -
mined by inspection. A aomple of asbestos should be fberized by rub-
bing or crushing between the fingers. Single fibers may then be tested for
fexibility and tensile strength by bending and bresking., Several fibers
may be twi.su:d into a strand or yarn and again lested for Sexibility and

Nor has asbesios alone a high heat-insulating value, compared

L e P A R hdig g SL AT F¥ TS
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strength. Asbestos of good quality should be easily fberized, woft, v (i <33
siiky, strong, flexible and easily twisted into & strong yarn. Fibers 3 & ! i
inch or more in length and otherwise of good grade are of commercial * i o
. ‘interest. B LY -~
The grading of asbestos for market varies in different districts and at :if Y l 2 - 5
diferent plants. In Cazada there are {two main grades, crude and fiber, bt : ) e s 2,
esch of which are divided into subgrades, in each case based on length of ;?j : T
fiber. Crude, produced entirely by hand picking and cobbing, consists TR i S ‘I;
of all cross-fiber asbestos over 3¢ inch long. Na. I crude consista of ber . Do oy e
over 3{ inch long (average 1 inch). No. 2 crude conuaists of Sber from ; S 1 a0
3{ to ¥; inch long (sverage 34 inch). i . T}
Mill-fiber grades have not been well atandardued They are based on _ - 1 C B
screen tests, but different producers use different classifications. Screen :_.‘E ) { B -;"‘.'%
tcsta are made in s standard testing machine, which consists of four W i IR .
trays, 24 by 14 by 4 inches, fitting one on top of another. The top or 2 - P
No. 1 tray is fitted with & screen botlom of 2 mesh (No. 11 wire); No. 2 b 1 S _“;3
- sereen is 4 mesh (No. 17 wire); No. 3 acreen is 10 mesh (No. 18 wire); 3 I T
the bottom tray is a solid pan. The pest of screens is fastened to & frame, & T " 2
0 arranged that it may be vibrated horizontally with 8 1}4-inch throw, A ; 5 - -
by an eccentric revolving at 300 revolutions per minute. In making s L, . 1% '_;
tast, 1 pound (16 ounces) of fSber is placed in the top tray and shaken for ' . i : o
exactly 2 minutes. The residue on each screen and in the botlom pan is - < E
weighed separately and the weight recorded in ounces. Thus, s fiber é' N é; =
testing 0-8-6-2 (total 16 ounces) is one of which § ounces is retained on . - I .
- the second screen, 6 ounces on the third and 2 ounces of shorts in . I' i P o
. the pan. . o RIS i
While grades msde by diferent Cazadian producers vary some- ;. 1y :
what, Marcuse! states that the foHowmg fber tests may be taken i R = <
33 averages: X ERTR s ‘_'. e
S
Long-spinaing fiber...... Ceerene Creteeritetcenaeeanpe. 2842 Y ¢ = . 3
Medium-spinning and compreased-sheet fber............ 0-8-8-2 ;,’ ) FrS - -’:2
Pipecovering fibers....ccccvivccratcccnccsctinnascsonss G583 et -l N A
Bhingle S10CKS. .0 eeueeennnnns ceetraeeencerneesnacass O-134-0%4-3 . {Z . -3
Paper sand millboard a10CKE.ceeuaraianasncnannaanas .. 0-0-10-8 . o s =
Cement SLOCKR. .orueunaennradanraeranereinnnensnnsass 00311 I E
i -
Shorts are not sold on length but according to color and cleanliness. i o
Color is of prime importance. Asbestsc is finely ground ubeawa sand it . E
mill taihngn. . R ;__F

t Maxcose, B, “The Marketing of ;..b«m., Zn.q. mmq Jour. ~Pr¢a, val. m. -
1*0-7,;.278,.&11; 12, 1522 .
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B4 NON-METALLIC MINERALS

: Grades of South African and Rhodesian asbesios vary aomewin‘t,
but seem to rangs about as follows:

Qs " taners or Prsa
Qver 13{ t0 2 inchen
13 o 13{ or 2 inchen
M to 14 inches
34 w0 3] inches
TUp o ¥ oeh
Siftngs
s DA Discoiored Sber up to 3 inch
DB Diswiored Sber loager thag 3¢ inch

R ' i I Markets' and Prices.—The United States is the Jargest consumer of
’ ' asbestos and manufacturer of asbestos products, with the United King-
dom standing second. Before the war the chief internatioral market.
ing poict was Eamburg, but during and aince the war New York has
taken the lead. Much of the South African and Rhodesisn asbestos
is marketed ip London. Some of the largest manufacturers of asbestos
producis own mines in Capada or elsewhere which partly or wholly supply
their needs for raw asbestos. Smaller consumera buy either directly
frow the producers or from deslers and agenta.
Asbestos crudes and fibers are packed in 100-pound bags and sold at
a price (including cost of bags) per 2,000-pound ton, ususily f.0.b. cars
~ mines. Crudes bulk about 40 cubic feet per 2,000-pound ton acd Sbers
W 60 to 90 cubic feet per ton. Sand and shorts are sold by the pet ton and
. shipped either in bags or in bulk. Most producers have certain brandor |
- grade marks (thus X, XX and C grades), bul, while the same marks may
N be used by Qifferent producers, the grades do not necessarily correspond.
N Most asbestos is sold on sample and test. ,
5 Prices on all grades of asbestos increased grestly during acd after the
‘ war, resching s peak early in 1921, In 1913, No. 1, crude aoid for $320
to $350 per ton, and early in 1921 i was quoted at over $3,000 per ton.
The average value of all grades of Canadian asbestos sold increased from
$26 in 1909 to &30 in 1919. After the peak, reached in 1921, prices began
to fall rapidly untidl pro-war levels were nearly reached. In May, 1923,
: - the following prices were quoted in the Engineemng and Mining
o BIL Journcl-Press:
' l!?: . Asbestos.—~Crude No. 1, $500; No. 2, $250 to $325; long-spinning fbers,
+ . $135 W $200; magnesia and compressed sheet Sber, $100 to $150; shingle stock,
o ) i i 355 to $35; paper stock, $35 o $42; cement stock, 320 Lo 325, shorts, 89 to $14—
- - ER 4 all per short ton, f.0.b. mines, Quebee, Canada. . )
: Utlization.*—The uses for asbestos are 50 many and 20 varied that a
simple esumeration of all of them cannot be given bere. The main
¥ Sce MancTse, B., "The Marketing of Asbesica,” work cited.

¥Sce Ciaxry, F, vork cited, pp. 245-239; also sconymous, " Asbestos,” Tm! -
Information Survey N-20, 56 pp., U. & Tanf Commission, 1921
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ASB3STOS ) -85

uscs for asbesios fall into a few fairly well-defined groups, zamely: (1)

asbestos yarns, cordage, cloth and similar textile products; (2) asbestos
_paper, compressed  sheets, blocks, ete; (3) aabestos-cement products,
such 2s asbestos shingles, lumber, oor-ugnbed siding, etc.; (4) heat-
insulatiog cements; (5) boiler and pipe coverings (asbestos plus basic
ng-zcsium carbonate) and corrugated asbestos paper; (6) s an ingredient
in paints and roofing cements (shorta, asbestic, ground anthopbyllite,
ete); (O ubcaws fibers used as such for fltering, packing, ete.

From primary manufactured products, such as asbestos yams,
cordage and paper, & multitude of secondary finished producis are pro-
dueed, such as automobile brake-band linings, stcsrm packing and pipe
coverings. It should be noted that, while very long spinning fiber is
cssential for some purposes, the bulk of the asbestos marketed is for use
in products in which much shorter mill Sbers may be used.

- Brown' has gives a very good summary of the principal uses of

asbestos. ) .
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contains some of the more important Wor'x.l, particularly those which have appearsd
inrocent years.  Raferences marked thus (°) are the most detailed and comprebensive,
and those marked thus (1) contain bfblxorsphlu.
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Doxsran, B.: “Queensiand Mioeral Deposita, No. 3, Asbestos,” Queensiand ch.
){mmg Jowr., vol. 17, p. 372, 1916. .
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{Great Britain), 1921,
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DUST DN THZ CAUSATION OF OCCUPATIONAL DIAZASE 511
of aluminum by physicians for therapeutic or propbylactic purposes, makes only
‘metallic aluminum available. Some investigstors, notably Eannon,™ have reportad
marked success in the trestment of patieats with severe disability. However, when
purely objective crileria have been used Lo messure disability the resulta have been
somewhat less striking. Gardner, Dworski, and Delahant! have suggested that

variations in response to aluminum therapy may be due in part to the nature of the

dust that has csased the silicosis. They suggest that dusi which is primarily free .
silica may react with alumisum more resdily than dust which contains high per---
cectages of iron. The use of aluminum generally in industry for the therapy or_ 7

prophylaxis of silicosis should be contemplaled oaly with the utmost caution.

1. ASBESTOSI8
Asbestos is & hydrated magnesium silicate. More than 90 per cent of the aw
mineral used iz this countsy and Great Britian is produced in the Cazsdian chryso-
tile mines. Asbestos is used in two general types of manufacturing processes. It may

be used either by itself or mixed with other insulating materials such as diatoma-

ceous earth for Ereproofing, packing, or insulating; or it may be combined with
cotton and woven as a textile for Sreproof and hest-resistant clothing and other

substances. Lsnza™ estimates that there are about 10,000 persons expesed to asbes- -
tos in the United States. Most observers feel that the incidence of asbestosis in -
American asbestos workers is quite low. Asbestosis has, however, been reported more

{requently in Ezgisnd and Canada.

) Lanza, McCoranell, and Fehnel™ concluded from their study of asbestosis that:
Prolonged exposure to asbestos dust causes pulmonary fibrosis different {rom
that produced in silicesis and demonstrabie by roestgenogram. Clinically it sppears
to be milder thap silicosis. .

Definite cardisc enlsrgement f{requently was found to be associated with

asbestosis.
A predisposition to tuberculosis, due to asbestos dust, was not indicated al-

though it was not known to what extent asbestosis may add to the mortajity {rom -

poeumonis and acute nontuberculous pulmonary infections.

Symptome. The onset of asbestosis, as of silicosis, is slow although symptoms
are apt to be somewhat more marked thao in siliccsis. In silicosis there may be
warked x-ray findings with little complaint of symploms, whereas the opposite is
likely to be the case in asbestosis. As in silicosis, dyspnea is the cardinal symptom.

Aporexia occurs {requently in advanced stages, and cyanosis and clubbing of the

fingers are apt to appear with grester constancy in asbestosis.
. Pathology. The fibrosis in asbestosis is diffuse and tends Lo predominate in the

basal portions of the Jungs in contrast to the generalized nodulu fibrosia of silicosis

®J.W. G. Eavnon, Trans. Con. Inal. Mining Met, €2, 180 (IM).
= L. U. Gardoer, M, Dworski, sand A. B. Delshast, . Ind. Hyg. Toxicol, 38, 211 (2044).
" A J.lanza, J. Am. Med. Anoc, 106, 368 (1834),
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312 EDWARD K. DAXRT

with a predominance in the upper portions of the lung. Bronchiectasis and bronchio-
Jectasis are {requent, especially in the more fibrous portions. Whereas the prolifers-
tion of Bbrous tissue is caused by chemical action in silica exposure, it is induced by -
mechanica! action in asbestos exposures. Gardner™ found that the Sbrosis-producing
character of asbestos could be almost eliminated by grinding the fbers so that zo
particies more than 2 u in lenglh were present. As pre'nously mentioned, asbestosis = -
classified among the inert dusta. — e
Microscopic Anatomy. Johnstone™ described The microscopic appearsnce of
" the lungs somewhat as follows: in the early phases of the disease thers is thickening
of the alveolar scpla which resulta from fibroblastic proliferation. The alveolar
spaces contain pumerous phagocytes. With progression of the disesse fibroais be-
comes more marked; the alveolar structure gradually disappears, and in its place
there is now dense Gbrous tissue. The few alveoli that remain 4n the area of fibroeis
are lined with low cuboidal epithelium giving them an almost giandular appearance,
Scattered throughout the jung in both the diseased and healthy parts are
spindle-shaped structures described first by McDonald.” These bodies are 20 $o
100 « in length and are bulbous or one or both ends so that they appear club- or -*
dumbbell-shaped. They are brownish in color, do not stain, and give a Prussian-blue
reaction for iron. Simson?®* has produced these bodies in guinea pigs by experimental
exposure to atmosphbere containing asbestos. Lynch® concludes that these “curicus )
bodies™ signily exposure to asbestos dust but do not necessarily indicate asbestoma, , . -
X-Ray Ezaminalion. For an excellent review of roentgenographic findings in :
both silicosis and asbestosis the reader might well refer to Peadergrass.® Character-
istic diferences in the roenigenographic findings in glicosis and asbestosis are
tabulated below: ‘

) Asbeatomie . . Sihcusie

LR i ARl 7S X TN

Fibrosis difuse (Slm may have ground  Fibrosis nodular. ’ .
glass appearance (rom pleura] invoive

ment)
I-"md.mgs may be either bilateral or uni+ Fiadings characteristically bilstaral

I.a\ozu lugel} ia the lower one hall o2 Lesioos predormu.clg in the upper two-

E trg thircs of Lhe lung fislde . E thxgdl of Lthe luing of 1
mphysems in upper partioa of Jung mpbysems in lower partion ung .
ﬁekfl- pe Selda, L
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" Control. Prevention of asbestosis depends entirely upon prev'enting exposure
to concentrations of dust sufScieatly high to produee the characteristic fesctica

®L.T. Cardner, Ind. Med, 8, 45 (1540).

*R.T.Johnswoe, Occupatwml Ditecscs. Saupders, Phlladelphia, 1042, L

®8. McDonald, Brit. Afed. /, 2, 1025 (1927). . 4

® F.W.Sidson, Brit. Med. J, 1, 885 (1928). :

S K. M.Lyoch, J. Am. Med. Auoc..w’ 147 (xm). :

®E. P. Pendergram, “Roentgen-Ray Diagnosia in Silicosls and Aabuwtn," in A J. :
Lln.n., Silicons and Anbulom QOxford Uaiv. Proms, New Yorh 1938. ~
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DUST IN THX CAUSATION OF OCCUPATIONAL DISEASE 313

Dreessen, DallaValle, Edwards, Miller, and Sayers® have found evidence to
indicate that 5,000,000 particles per cubic foot of sir is a satisfactory figure for the .
maximum permissible atmospheric concentralion of asbestos to which workers may
be exposed. Definite pe.rmxssxble standards, bowever, bave not been established. e
N

V1. Dust Causmg Mioimal Fibrosis or No F:broch ' = T

- Gardner™ kas pomted out that any known inorganic dust other than free xilics =
and the asbestos silicates may produce nonspecific dust resctions, as described o -‘(,-
page 486. X-ray markings may be found in other conditions such as chroaic infection
and beart disesse. No interference with pulmonary function or disability is produced
by dust of this type and there is no influence on susceptibility to tuberculosis.

A. SILICATES

McCord,™ from a nurmber of sources, has compiled a list of the commonly used
silicates, which is presented bere:
Olirine—s magnesium siicate widely present in all basic rocks. Many varieties of Lhis stooe

are known, . .
Calcium sdicole—noncxistant in nature, but & common product of industry; may be found at

- - blast furnaces and in production of cement and hydrated hms. Otber slicates of calcium are

. known, . )

Willernile—s zine silicate (rare).

Sodium silicle {mela)—ibe well-known water-soluble silicate, commonly c;l'ed water glass.
“This is widely used in industry, notabiy as & filler in scaps. This is Lhe only c.rylu.ﬂmz slicate of
sodium, the others being amorpbous glam

Tremolite—a magacsium-calcium silicate . .

A sbesios—tremolite, actinolite, chxyaot.ﬁe. ar mnthus. all of which ars easentially mag-
Desium silicates

Jade—another form of magnesium~calcium silicate. .

Croadolile—*'"blue asbeston” It is a sodiurs iron slicata . .

Tale—s bydated magnesium silicate with exteasive industrisl application

Soapsione—a form of tale,

Agalile—a variety of aic resembling ssbestos. It is used in the costing of paper, sod as &
paper filler.

Measchaum—also called sepiolite. It is closely akin to tale

Scrpentine—hydrated silicate of magpesium. It is & common buildiag stone. .

Sillimanile—aluminum-containing silicate. The source of many stone tools of the stoos age

Topas—s semiprecious stone of silicate origin. Chemically it is an aluminum fucsilicata

Pulicr's ecrth—a bydrated glica-slumipum compound, associsted with ferrie oxidn.

Kaolin (keolinile) —many related silicates of mixed eonstitueney. -

Clays—bydrated aluminum ailicates containing iros Txumurm Qquarts and mica, are Ehly

.

Lo be presest in clayn, | <

®W. C. Dreessen, J. M. DxlIsVAlle 'I' I Ednrda., 3. W. Mmer. ascd R R &7“
US. Pub. Health Bull. No. 241 (1838), Lo -
*C.P.McCord, /nd. Med, 2, ((19@). S
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Fire day—relmctory clayw low in alkaliea, but high in iron and titanium. .

Ullamarine—s silicate of aluminum. It is widely used as » pigmesnt, and there are many
wanetes, including blues, reds, greecs, yelown, vicict, and white.

M ixc—s large group of silicaten of diferenl chemical constituency. Al are characlerizad by
their wei-known tendeacy for cleavage into Lhin sbeeta JU is extensively uaed in mdv.uu'y, such 29
o alecinical work {or insulation. +

Garnel —complex silicates of alumibum, iron, uicium, and magnesium. Besides beizg a semi-
precious gem stooe, garcets ats used ad wateh bearingy, in gom outiing, poiiahing, ete

Feldiper—a largs group of alumisum slicales ente.nn; into many mioerala, for example
gaite. .
Permutiie—s sodium-alumisum licate of complex nu-.actun. much used in water noﬁzm.n(

Lasa—mixed silicates of volcanie origin.

Pumice—volcanic, glassy, spongy lava. I{ is prizarily uaed FYEY poluhm.( ageot

Shale—a locee term applied (0 clays and other silicsies th.u have boen subjoctad Lo kigh
pressures in the earth

Slciz—a substance of clay or shale origin, that bas been subjectad to high pressure sod bas
me‘amorphosed. I¢ containg or may coctain much [ree silica

Swags—Producta of metal blast furnaces that contain tative meu.nt.a ~ 'eII s minenis
such aa doiomite introduced as fluzes, et Almost all forma of silicates may be included. Free
silica may be present.

Silicon cariide—carborundum, s synthetic minersl

Situndum—another form of syntbetic iicate, akin o arborundum in chemical strucare,

Proz—ailicon oxycarbide. It closely resembles carborundum and is somewhat smilariy
made. o

“" It may be stated with some certainty that none of these dusts, unfess in com-

bination with {ree silics, will produce nodular fibrosis; and proof of disability from
breathing such dusts is lacking. *-

B. NONSILICEQUS DUET e

Nonsiliceous dusts such as caicite, calcium carbonate, gypsum, limestone,
Portland cement, and pyrolusile dusts have been listed in the classification of
Miller and Sayers® as among those causing an absorptive tissue response and, ac-
cordingly, are not considered as producers of pneumoconiosis. .

Apparent X-ray Nodulalion withow! Fidrosis. Only brief mention will be made
of baritosis and sidercsis. Pendergrass® reports having seen several patients ex-

. posed to barium dust with widespread dense nodulation typical of that seen in

simple silicosis. The individuals examined were symptom-free and not incapacitatad.
Sander™ has described a similar condition caused by the inhalation of iron oxide
fumes at welding operations. Exposure (o iron dust or fume may produce an x-ray
picture characlerized by geperalized nodulation. Autopsy specimens have revesled
that the nodules are collections of iron with Do tissue reaction or Sbrosis.

. ®J.W. Miller and R. R. Sayers, U.S. Pub. Hmlll\ Repta, S8, 254 (1941).
" 0. A.Sander, J.Ind. Hyg. Tozcol, 24, 79 (144). -
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-

ant treatment is as good sz anything that can be offered for these tragic .

results of past ignorance.

/

Asbestosis. The pathologic changes produced by ssbestos are
pot like those of silicosis. The asbestos fibers group about the
neck of an alveolus and stimulate the formation of a diffuse
fibrosis. There is no definite migration or transportation of the
dust particles to-the lymph nodes and no formation of the fibrous
oodules shown in Fig. 16a. _As the fibroais incresses, the reduo-
tion in Jung srea causes serious dyspnea. Lanza (273) suggestad
that the enlarged hearts noted frequently in his cases of second-
‘stage asbestosis may be the result of the incressed work of the
heart resulting from this condition; it takes more work to pump
blood through the asbestotic than through the normal lung.

Gardner stated (175, 170): “On grinding these fibrous min-
erals to a very fine state of subdivision they do not become more
irritating but practically lose all power to provoke tissue reac-
tion . . .." YVorwald & al. (433) continued the animal work
initisted by Gardner and concluded: * The duration of exposure
required to develop the pulmonary reaction to inhaled asbestos
dust is inversely proportional to the concentration of long fibers
in the atmosphere; as the concentration is increased, the reaction
develops in aborter time.”

In silicosis it seems to be a general rule that, after & certain

point, the victim’s condition grows worse even il his exposure to

dust has ceased. But Wood and Gloyne (455) stated that they L

bave seen patients with asbestosis ‘‘whose condition appears to
have remained stationary since stopping work in the factory,”
but they advised definitely that the individual with asbestosis be
removed {rom his dusty job. Merewether (311) and Lanza were
less certain on this point. '

Asbestosis Bodies. In the lungs of patients who have died
after prolonged exposure to asbestos dust and in the sputum of
men with considerable asbestos-dust exposure are found what
first were called curious bodies and later asbestosis bodies (Fig.
18) (140). While somewhat similar bodies can occur in the
lungs of coal workers and even of normal persons, it is admitted

that asbestosis bodies in sputum are characteristic of asbestosia. - L

Stewart (402) gives considerable diagnostic weight to their pres-

. ence as do Sparks (397) and Gloyne and Merewether (184). X
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Asbestosis and Lung Cancer. The British require autopsics of l
persona who have allegedly died as a result of industrial exposures
such as causc asbestosis or silicosis, The 1947 report of the Chief
Inspector of Faclories (25) states that, of 235 cases of asbestosis - -
autopsied between 1924 to 1946, 31 or 13.2 per cent were com-" . |
plicated by carcinoma of the Jungs or pleurs. This figure should

Fira. 18. Asbestosis bodies in sputum. (Ll ZUmaa, Re¢f. 140; cowrtasy J. S
Indusi. Hyy.) . .

be compared with that of their cases of silicosis of whom 6884
were sutopsied over the same period and in which 1.32 per cent F
showed cancer of the lungs. This latter is aboutf the rate - -
reporied in the 1946 census in the United States (13 per cent of

_all dcaths were from cancer and 1 per cent from cancer of the
respiratory tract).

We do not imply that our American pathologists and our 3
hospitals are less careful than the British in collecting data from
aulopsies. For example, Yorwald and Karr (434) at theSaranae -}
Laboratories reviewed such data from their own experience and 3

concluded that “inhaled dusts,” except those containing recog- f
nized carcinogenic substances, “cannot in general be considered ‘
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a2 etiological factors in the development of pulmonary eard-
noma.” But we still are a bit envious of the tidy way in which
the British sssemble their indusirial data on morbidity and
mortality.
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' Industrial Hygiene Journal

C. RECOMMENDED CONTROL PRO-
CEDURES: To preveat exposure to
high concentrations of amorphous silica
«ust, process ventilation and/or en-
closure arc the best means of control.
For some operations a dust respirator
approved by the U. 8. Buresu of Mines
may be satisfactory. :

JV. Specific Procedures

A. FIRST AID: Nons.
B. SPECIAL MEDICAL PROCEDURES™

(1) Preplacement: Clinical and chest
radxovmpmc exawmninations should be
made on all persons,.prior to job
aseignment.

(2) Penod:c Since there is only lim-
ited infarmation about the harmiul
effects of amorphous silica in in-
dustry, exposed personnel should
have careful periodic medical ex-
aminations, including chest x-ray.
Pulmonary function t.est'mg may be
useful.

(3) Treatment: No sat.sfactory treat-
ment otber than removal {rom ex-
posure, and therapy for any com-
plicating infection.

161
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Asbestos

1. Eygienic Standards

A. RECOMMENDED MAXIMUM AT-
MOSPHERIC CONCENTRATION (8
hours): 5 million particles per cubic
{oot of air (MPPCF).

. (1) Basis for Recommendation: Experi-
ence in industry,>¢***® and ani-
mal experiments.®’

B. SEVERITY OF HAZARDS:

(1) Eealth: Long continued inhalation
of asbestos dust results iz & form
of pneumoconiosis known as asbes-
tosis. The primary effect of inhala-
tion is an interstitial pulmonary
fibrosis. The disease is characterized
by asbestos bodies in the lungs and
sputum. Based on roentgenological
examinations, asbestosis can be clas-
sified as minimal, moderate, and
aldvanced. It is & serious disease in
. some instances, but more frequently

. :it remains nondisabling for many

* years, even without appreciable

- : symptoins, as long .as some other
+ serious discase does not supervene

to czuse death.' Chic. symptoms of
advanced asbestosis sre varisble
cough, dyspnea, sub-ternal chest
pains, decreased chest expansion,
weakness, emaciation, clubbed_fin-
ger tips, and curved fingernails. Any
appreciable decrease in the amount
of asbestos dust in the breathing
atmosphere will cause & decrcase
in the incidence and severity of
asbestosis. Individual suceptibility
varies’ There have been reports of
an increased incidence of lung can-
cer in persons with asbestosist
(2) Fire: None.
C. SHORT EXPOSURE TOLER’.ANC
Not applicable:.

I1. Significant Properties
. A fibrous magnesium calcium silicate which.

occurs.in various comnbinations as white,
greyish or greenish masses, either compact

:or of long mlky fibers, flax-like and readily

separated. About 85% of commerical asbes-

‘tos is chrysotile, which is derived from
- serpentine, .and is. a .h}d.rous ma.gnau.m
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silicate containing f;om 12 to 14 per cent
water of erystallization.

. IIO. Industrial Eygiene Practice

A RECOGNITION: The spinning and
weaving of asbestos, in combination with
other textles for fire proof and heat
resistant cloth, results in dust exposure.
It may be used by itsell or combined
with otper-materials for valve packings,
gaskets, boiler lagging and pipe cover-
ing, protective clothing, shielding ma-
terials, and as automotive brake linings.
In the building industry it is used in
the menufscture of asbestos cement
products, heat insulating, and fire-
proofing matenals.

RB. EVALUATION OF EXPOSURES: As-
bestos dust msy be sampled with the
electrostatic precipitator or by the
impinger methed using alcobol or alcohol
and water, as the collecting medium,**
and dust counts made by the standard
Bght field technique.* The recommended
raxmum atmospheric concentration of
& MPPCF is based upon the impinger
sampling procedure.

C. RECOMMENDED CONTROL PRO-
CEDURES: Prevention of asbestosis
depends entirely upon preventing ex-
posure to concentrations of dust suffi-
ciently high to produce the characteris-
tic reaction. Enclosure or local exhaust
ventilation are the principal means of
dust cont-ol. U. S. Bureau of Mines ap-
proved dust respirators may be worn as
protection for some operations.

IV. Specific Procedures

A, FIRST AID: None. '
B. SPECIAL MEDICAL PROCEDURES:
(1) Preplacement: Clinical and radio-
graphic chest examinations prior to
job assignment.
(2) Periodic: Exposed personnel should

-

—~12.
-13,

April, 1958

bave periodic clinical exuminstions
for signs and symptoms of asbes-
tosis. These should include exami-
pation of the sputum for asbestasis
bodies, and chest x-rays of good
quality. -

(3) Treatment: No sstisfactory tresat.

ment other than removal from ex-’

posure and therapy for any com-
plicating infection.
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