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ASBESTOSIS—Part II. The Nature and Amount of Dust
Encountered in Asbestos Fabricating Plants.’

INTRODUCTION

1n 1034 the Department of Labor and Industey of the Common-
wenlth of Pennsylvaniu received a request for informaticn relative
to the health of workers employed in asbestos fabricating plants in
Pennsylvania. The Departuient had no data available, and a review
of the literature at that time revealed a scarcity of information on
the gencral subject of asbestos pneumokoniosis. Because of this
fack of information, the industries in the State were consulted, and
their cooperation was obtained to conduet a survey, which would
include an cvaluation of the hazard {rom the standpoint of the de-
geee of dustiness and the physical coudition of the workers. An
agreement was made with the ewployers and employes that
neither would be given specific information as to the physical find-
inges of any particular workman, and that the original ideantity of all
cuployes in this study would be destroyed, case pumbers only

being recorded. - AN records obtained were to become the property

of the Departiment of Labor and Industry.

_ Ashestosis was fiest recopnized clinically by De. Ho M. Musray
(1G) at the Charing Cross Hospital, Loundon, in 1900. Cooke (16)
in 1924 seported a case of pulnonary asbestosis. Pancoast and Peu-
dergenss 183) in 1926 examined a group of seventeen ashestos work-
ers, Since thew, other investigators have reported individual cascs
of ashestasls, but it was not untit 1930 that Mcrewether and Price
(74) published the results of a study on a group of asbestos work-
ers, Logether with some cvaluation of the degree of exposure. Laaza,
MeConuell, and Fehnel (66) have recently published a preliminary
report of u comprehensive survey on this subject.

The Industry in this Statc consists wainly of scveral fabricating
plants engaged in the making of asbestos cloth; brake lining, in-
sulating tape, ashestos rogc and wick, and other niiscellancous prod-
ucts.  According to the 1931 Pennsylvania Industrial Directosy (61)
there are approximately two thousand persons engaged in the manu-
{ncturce of ashestos products in Pennaylvania,

‘The nature of ashestos dust is such that many of the standard
procedures used for other dusts could not be used. Changes in the
accepted standard method were required. in the collection, count-
Ing, und particle size determination of the dust. In Part I of this
report (4l2 the method of collection and counting of dust en-
countered in this study was described and summarized.*
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. a group of minerals with a number of sub-divisions hkv

Preliminury to the collection of atinospherie dust saniples in cach
uf the four plants fucluded in the survey, gencral inforimatlon wai
ubtained concerning all phases of plant hygiene, with speclal refer-
ence to the gencral plan of the factory, number aud types of opera-
tiong, ventilation of workroous, Hlumination, ete. . -

‘I'he conceutration of dust in o plaut was determined for each
operation or department. A complete study of each operation was
made, noting in detail the nature of the work, approximate time rc-
quired for eaclt operation, and changes In the process, so that sam-
gles collected would be representatlve of the actual exposure to

ust. :

PROPERTIES OF ASBDESTOS .

The term “Asbestos” in its commercial sense is loosel aprlied to
zl , 11 con-
mon, fibrous structure, and sessing more or less resistauce to
the action of fire and acid. The threec mineral groups are:’
1. Anthophyllite—(Mg.Fe) SiO,. .
2. Amphibole or Hornblende—Silicates of Fe, Ca, Mg
3. Serpeatine—3Mg0.25i0,.2H,0.

"The three types of asbestos ordinarily used in manufacturing are

il

chrysotile, crocidolite, and amosite. Crocidolite (blue asbestos) and

amosite, a yellow or brown varlety of crocidolite, both belong to
the amphibole or hornblende group. The principal source of the
latter two varietics is, at present, Rhodesia, South Africa. Chryso.
tilc, a mineral of the serpentine group, comprises the bulk (about

. YS%) of the asbeston of commerce. Ouly relatively small anounts

of crocidolite and amosite are used in comparison to the quantity
of chrysotile, .

The principal source of chrysotjle is the Thetford region of Can-
ada, ubout forty-five mifes south of Quebec. The United States docs
not rank high as a producer of asbestos, the domestic output being
less than three per cent of the amount used- in its asbestos mianu-
facturing industries (10). No asbestos Is mined in Pennsylvania,
although small amonnts have been found in serpentine quarries
from time to time. No attetnpt has ever been made to separate the
ashestos from the serpentine in these quarries. Arizona and Ver-
mont supply the bulk of asbestas mined in this country.
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In the Canadiayw deposits the chrysotite s found in veins from

wue-vhghth iuch to six inches In length, occurring as bauds i b

werpentine ruck, ‘Uhe mineral is ?cneu ly a dark to blackish-green
tustrons color, although when t

tilmnents, they are white. The fibers are very fine, sitky, solt,
peeasy s slippery tor the touch, They canunot be separated into
a simgele fiber like cotton or wool. . .

t hemically, chrysotile is a hydrated silicate of magnesivm with
swall amonnts of oxides of iron and aluminum. There are wany
pblishiedd analyses of chrysotile from the Thetiord region, and
they appear (o vary but little. Table 1 gives eight typical analyses
of chirysatile (95). The silica shown in the analyses ig Table 1
dues uot exist as Iree silica. It is chemically combined with the
bases in o complex molecule. Samples of dust collected in the
workers' breathing zone with the electric precipitator (30). were
uunlyzed pcuo’imphically_ and were found to contain wno frec silica.*

‘I'lie chrysotile of comnerce is classified in two general grades,
depending on the length of the fibers. Crude fiber consists of the
hand-separated and -selected material esseatially in its native or
undiberized form. Mill iber inchndes all grades that are obtained by

wechanicul crushing of the rock and subsequent mechanical sep-

arstion of the fiber. Crude No. | consists of Rber whose lcngth
is 33 inch and longer; Crude No. 2 ranﬁes in length from }§ ifuch
;\p to 3§ inch. Miil fiber includes all fibers less than 3§ inch in
cugrth, , A

The spinning quality of asbestos fber depends priivarily on its
lenggth, Consequently, the best grades of asbestos textiles are maile

* fromm the comle Gber, The shorter fiberx are used in cheaper grades

of lestiles und in the manufacture
ter, and cement. .

DescrirTion oF Procsss

of asbestos shiugles, paper, plas-

Preparation—Crude fiber ns rcceived from the mines has uader-
gene uo {rentment other than hand-laimmering to remove the rock

from the fiber, alter which it is sorted and screened. It is received
at the plant in burlac bags, each containing one hundred pounds. -
e

The fibers must first be separated and loosened to remove rock par-
tcles. This operation is done in what is known to the industry as
n “preparing room.” A number of bags, sufficieat for onc batch,
are opencd and dumped on the floor of the preparing room. The
iher i fed into rimm-wheel crushers and erushed for about fficen
winntes. These crushers have two heavy rollers attached to a
ralinl axle, nind revolve on a smooth surface on which the asbestos
s placed,  After the fibers have been crushed and lvosened sulli-
cicutly, they are fed into the hopper of an opencs or fiberizer,
wsunlly of the Saco-Lowell type. ‘1':.;: operation scrves to further
upen the fibers. From the opener, the asbestos is discharged oauto
a rectangular shaker screen where small pieces of stone. forecign
waterhitl, and some of the dust are removed. The asbestos is lifted

from the screen by air suction and conveyced to storage bins. It is
then ready fof mixing with cotton,

S Peirngraphie lysea ol 3 irs were hicted by Dr. A, K. Qulloway, of .d sitls}
Wighsne Laborsiory, Veunsylvanie Depariment of Lebor and fudusiry, 4 .

ic fibers arc separated imto finc
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Mill fiber, becanse of the wechanieal erushing and separation
glven it at the mine, docs not require the prclimlngll‘? processing in
the rim-wheel erushers an does the crude fiber, he mill fiber is
fed dircetly futo the Saco-Lowell opeuer, and from then on is given

_the same treatment as the crude fiber,

Asbestos fibers when examined inleroscopically do not possess
the rough imbricated surfaces of other fibers such as woot. They
resemble fine polished wetal rods, free froin any serrated surfaces,
This characteristic explains the extreme difficulty encountered in
attempting to spin a thread of pure asbestos, X certaln amount
of cotton must he added as a binden for spinning. The amouat
added depends on the Sl)
product i3 intended.  Table 11 shows the average amount of asbes-
tos used in the munbifacturce of products made in the four plants

included in this survey.

TAME ll—l‘ltut‘ltm.\lli!tl OF ARBENTOR IN VARIOUS ARRESTOS PRODUOTS*
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Flant Plant ﬂaﬂ ' Plant
Mulerin) A B D
“Hrake dulng (woven) -] W% . - 709%% w%
Iusulafing lape ~ [} 0 0-08
Asbeatos cloth ' C ™ - 80-100
Cowmmnercinl REOIE YOI eoeerecoveroooccmesonanes]  wn i) - %100
Qor't, Kpeell. yarn sl [T S - ” .. -
-~ Asbeaton Pupe w0 WK eooceoecovociovereesene) B84 » ' . L
Turn and cloth, Underweltess Hpre. .cceceaceoed) - 3-8 - .
Asbrsion [! . . - - 10 -
Brake Siping (mokled) o - | % -
Asheslos paper o - - %
W% magnerls IO ccosececncrvccoreeneted] e -, Jos 1"
Asbrslos shingles atul MUBLPE ooaneoecnnncenaess! . . .. . 2%

¢ Complied frann lnlormation supplivd by the menulacturess.

Mixing—Weighed quantitics of &sbcstoa and cotton, and usually
somc small amounts of card waste, are dumped in alternate layers
in a pile on the floor of the mixidg room dircctly in front of the
mixing picker. The batch is shoveled into the picker, which is
equipped with revolving heaters, Jn order to secure thorough mix-
ing, the batch is run througlh th
two pickers arranged in scrics. ’ilic mixture is removed by suction
to the storage bins to await cardihg. W :

Carding—Cardlag is nccessary ‘to remove thc.rcmnininﬁ small
bits of rack, and to comb the fbers into a. more or lcss parallel con-
dition so that they may he spun. : A card is a machine with g acrics
of revolving cylinders covered with strips of lcathey, wound di-

ugg unit, an used In ashestos plants, usually conslats of two car
the breaker and the finisher. The mixture of asbestos and cott

pe of fiber and the use for which the finished

samo picker twice, or through-

‘ummlly, and fitted with fine, closessct, sharp steel bristles.: A c:u:;l-’ :
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is wheelrd In hand trucks from the storage bins, and fed by haad -
it the feed hopper of the breaker card. It ia passed over the re-
volving eylinders of the breaker card, emerging in the form of a
huise blunket or web. The direction of flow is then ehanged
“uhrongh ninety degrees. It next passes over a casucl-back into the
fnisher eard,  The fber Is stripped {rom the last cylinder of the
finlsher outa a moving leather apron where a set of reciprocating
seeapers or rubbers coudenses it into loose roviugs or “slivers” of
unspun yarn. These rovings arc wound on long Jack spools to be
wnken to the spinning department,

The rovings at the extremie ends of the cards eannot be used for
spinning purposes heeause of their lack of wniform thickness. These
are gathered n}) as card waste, and, together with waste fram sub-
sequent operutions, returnced to the preparing room where the waste
is shredded and added to later Latches.

Sume cards are designed so that a fine cotton thread may be in-
eorporated into the rovings as they arc doffed from the card. This
practice yiclds a stronger roving.

. Iu the wmanufacture of asbestos rope and wick. only one card is
nsed. “The rape and wick rovings, which are not subscquently spun,
_are thicker than yarn rovings. Hence, onc earding operation is suf-
firirnt.  Generally a fiber of shorter staple than that used in textile
wannlucture is used for making rope and wick. . -

Spinning—The unspun rovings, as they are doffed from the carndx,
necessarily have no twist and therefore little tensile streagth. 1t
i~ wreessary to twist or spin these rovings 1o jmpart the desired
strength  This spinning may be done either on ring spinnine frames
ur o o mnchine called a nwile.  In the plants included in this study
all the spinging was done by the latter method,  Scveral of the
plantx had spinning {rames, but thev were not in operation.

The wules had from two hundred and sixty to possibly five huu-
drel und fifty spindles mounted In a straight line ou a carriage
which is miule to move forward and backward. The Jack spools
frim e carids arc mounted on the mule and the ends of the rovings
fastemd to the spindles.  As the spindles recede fromn the Jack
speueds (3 mnximuin distance of about filty-four inches) the rovings
are smwonnd.  The spindles turn slowly as they recede. to give a
Slight twist to the rovings. When the ‘spindles have reached the
point of greatest recession they are turned very rapidly. and the
yarn spun. When suflicient twisting has been done. the spindie
varrisnge woves back arain in the direction of the Jack spools, caus-
i the spun yarn (about Alty-four iaches) to be wound on the
spinddles,  “The operation is then repeated wntil the spindles are
fullv wonmd with single-ply yara.

The oluties of the mule splnner are to remove the spindies fromn
the mule whea thev are filled, and to tie the broken ends of the
Ve pun rovings as the spindles reccde.. This last operation requires
canstanl vigilence, because the rovings are continually breaking.,

Subsequent Operations—The apindles from the mules are uext
transferred 1o a gpooling or winding machine to rewind 1h gle-

ply yarn on other types of spools. This is simply a md ical
teiasfer of the yar, '
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These spools are next taken to a twisting machine where two or
three of the single-ply threads are twisted into one thredd. For-
the manufacture of braké lining or packing the yarn may bhe rc-
inforced with a fine metallic wire. This addition is performed dus-
fug the twisting operation,. The twisted yarn is finally wound on
paper spools about six inches long, .

The twisted yarn may be sold us such to other manufncturers, or

it may he woven into cloth, tape, or brake lining, or braided in the
sanic plant.

Weaving—Weaving Is done on looms in a similar manner to the
method employcd in weaving wool, cotton or silk. In the weaving
of asbestos tape intended for clectrical insulation, single-ply yarn |
with a very low cotton content is used, Most tape loos arc con-
structed so that as many as twelve pleces may be woven at the
saine time. It is the uaual rrncti_ce in weaving asbestos tape to wet
‘t‘hc bobbins or “cops” with water before weaving. The warp is

CPt dry. . * . . "

Cloth is woven in much the same way as insulatine tape. Two-
or three-ply yarn is used. Somectimes the yarn is relnforced with
metallic wires, generally brass or copper. Either or both the warp
and £l are dry or moistened with, water, depending on the use far .
which the cloth is-intended. ,

" Brake lining is woven on looms in the same manner as tape. As!
many as eight pleces may be woven on one loom at the same time.
It mayv be woven dry or wet, or with the warp impregnated with a
“dope” solution. This solution is generally a suspension of gilsonite
In masoline to which other ingredients may be added. -

‘Final opcrations in the manufacture of woven textilea cousist of
calendering, inspecting and winding of the products, These opera-
tious are all meehanical ones, rnd require no deseription.

Gasket Maklng—Onec of the important uses of ashestos cloth is
in the minnulacture of ring gaskets. In this process, the ashestos
cloth is spread on the floor and fpeegnated with a solution of rub-
bee la gasoline, to which has heén added harytes and other pig-
ments. The rubber-trented asheaton cloth ix cut luto strips of ore-
detenmined size, and the gaskets formed by hand. They are then
coated with soapstone, enleadered and packed for shipment. Amn
inexpensive gasket and packlng is made by twisting thick rovings
into ashestos wick and rope.  Still other types of packings are made
by braiding asbestos varn on specially designed wmachiiies;

Orner Procrsses

Othier products containing ashestos are made in some of the plants
iacluded in this survey. These products include ashestos paper, in-
sulation for stemn pipes, ashestos cements, shingles, lumber, molded
bruke lining, aud culd wmolded asbestns articles, generally elcctrical

‘:'lllhugs and honschold applinnees. The fiber used for these purposes

n of whort staple, The pereentages of nabeaton used In these
ticles is Indicated In ‘Table 11, '
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Parricey Stze DergrstiNaTion

“ogke and Hill (22), in autopsles of ashestos workers, have

found particles in the lungs mcx}mrimi up to three hundred and
rixly microns in length. Accordingly, in the determination of the

avcra‘:c particle size of ashestos dust, all fibers, irrespective of
length, were measured.

Methods of Particle Size Determination—Within recent vears
Ahree geacnil methods have heen nsed for wmeasuring the - size ol
particles:  Oue methad, a dircet one, invalves the use of the filar
micrometer fuserted in a mleroscope tube, measurenien(s being
wale by moving the micrometer adjustiment and reading the vernier
to determine the dinmeter of the particles. ‘

The sccand method, an indircct one, was. introducrd by Green
(55) to dctermive the slze of paint and rubber pigments. It haw
sinec been applied to the measurement of the average size ol in-
dustrial dusts. Tn this method, an indirect one, photomicrographs
of the sample are made on lantern slides, which are then projected
by a stercoptican on a acreen at a known wagnification.  The
jmages are measured and the averape size calculated from these
rcacﬁn s L -

With the third method, the dust is collected on a microscope
slide, and thc images projected on a ground-glass screen with a
niicro-projection apparatus, and measurements made. This latter
method is the one used in the present atudy, and will be described
wore fully in a later paragraph.

Nature of Asbestos Dust—The dust encountered in asbestos fab-
ricating plants is non-uniform in nature. It is scen to consist of
theee types: particles more or less spherical in shape; clongated
fihers ; and cotton fibers. Fignee 1 is a photomicrograph of dust pro-
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duced when processing mill fiber. ‘The three types can be rc'ldlly
nated. : ' .

Hecanse of the nou-uniformity of this type of dust, averagé phi-
ticle size was determined n two dimensons, onc at right angles o
the other.  Measurements were. made of the longest diasuelers,
which were tesmed hmgritndinal diamcters, and a sccond -set of

micasurements were made at right angles to the first, which were
termed transverse dinmcters, . .

Method of Collectlon—Samplcs for the determination of particle
size were collected by the use of the clectric preclpitator (30). This:
methadl yiclded sawples that were satisfactory for direct micro-
projection and measurement. No interinediate steps for preparing
‘the sample were nccessary., : .

The precipitator em Io{_ed was designed on the ﬁrindple of the
Cottrclrprccipiutor. ve air was draws through the precipitating
tube by a small rotary fan driven by a motor, the ratd of flow being
measnred hy a flowmeter. The rate of sampling was one cubic foot
(28.3 litcrs) per wminnte. The precipltating tube was made of Pyrex
glass with an inside diameter of 24 ¢cm. A number 1 microscope
cover slip, 22 by 70 mm, in size was placed in the precipltating tube
_directly beucath the central clectrodé. The dust in the air was
deposited clectrically on this cover glip. When a represcatative
sample had -been precipitated, the c_iver glass was removed and
mounted dry on a microscape slide. total of sixtcen sam

' l)|ea was
‘collected at various opcrations, all being taken in the breathing zpae
. of the warkers. ' . . .

| Measurement—A micro-pro‘]cctlon apparatus with the microscope
arranged in a horizontal position was used. Apochromatic objec-
tives, 8 mm. and 2 mun,, and a 10x compensallng eyepiece were
employed. This system practically. climinated color fringes, gave a.
j flat Gcld, furnished maximum light intensity, and permitted ,the
{1 measurement of the long fibers. i ' : .
The images were projected on a grbund- ass screen at a pre-
determined distance From the microscope. is screen was ruled
in centimcter squares to facilitate measusing. A transparent fule
was used, and the size of the projected Images recorded in nyilli-
meters, Accurate locusing on cach ingdividual particle before mpas-
“nring was accomplished by a remote control attached to the jfine
adjnstnient of the microscope by a mechanical slceve.
Predeteemined magnifications of 2000 and 10,000 were used,; de-
pending on the objective. Measurements were made according to
the mcthod suggested by H, L. Green (56). Using the 8 mm. oh-
jective (magnification 2000) the longest diameters of two hundred
particles were measured, all lengths less than ten millimeters (five
. niicrons) heing neglected.” The numher of fields examined was also
: recorded. An cqual number of gnrticlen was mcasured using the
2 mim. objective (maguification 10,000), and all particles fifty milli-
meters (five microns;: and over were disregarded. Again the nun-
ber of ficlds examined was recorded. These mensurements were
used to calenlate the average lougitudinal diamcfer of the sample,
The methed of calculation is shown ln Table ITI.  For the caleula-
lil. the average transverse diameter the snme procedure was

1 T




l followed, whth measuresents being made at right angles to the
U lomgest dinmeters, .
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205 | 1136 1 s L0087
p 00 ios.e 1 T 8.4c08
’ FTr) e 1 0u3e 6.132% .
Talal 200 s.e0co 1 0
: Results—Particle size determinations were made on :mm?lcs of
; the dust collected at various stages i the process of manulacture

but na appreciable variation was foinul,

: HNowever, there wagme
marked ditference in the average particle diameter of the dust {
'llu two gencral grades of ashestos fiber. - The calculated ton-
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tndinal dinmeter of the dust from crude fiber was found to he 2,12
wilcrong, while that of wmill fiber was 1,35 wicrons. Treansverse
dlameters were 0.69 icrons and 045 microns for crude and mill
fiber respectively. The'longest fiber ohaerved measured four han-
dred and two microns, '

The percentage frequencies of the various-sized particles were
determined for longitudinal and transverse dimensions. Figure 2
shows these values plotted on Hazen's logarithunic probability
paper., '

The diffcrence in the two types of dust is further shown by ex-
amination of Table IV, Three per cent of the crude fiber dust was
ten microus or more in length, while only 1.7% of the mill fiber
dust occurred within these limits, Twenty per cent of the mill fiber
dust was 0.5 microns or less in length, while only 16% of the crude
fiber dust fell within this range.

TABLE V. RiZR I'SII’IQURNUY‘ DISTAIBUTION OF ASDESTO8 DUST

. Orude Fiber Nl Fibee
Kize Qroup in Microns ‘
Longitwiinsl | Tranaverse | Lungitwiinal | Transverse
[ X YR - X") .1% wrs nae
*5-0.00 . . nd %.0 2.3 0.3
110 T8 1.8 18 ame
1.6-1.00 X ) .0 Ve
2.0-5.00 [ 1.3 X 0.3
1.5-2.00 a8 oee L N
1.03.0 . 3.8 o W e
1630 ‘ [X] - 1.0 .
L, a 3.3 - Y ene
15490 _oeeenn e *e . ) R
-?.O YT SR | ') R s . g
. Dust CoNCENTRATIONS IN THE PLANTS

All samples were collected by the modified form of the Greenburg-
Swith impinger SSS) using nincty-five per cent U, S. P. ethyl alco-
hol as the collecting medium, Dust counts were made according to
the method described in Part T of this report (l4l). All parnicles
were counted regardicss of size, Particles less than ten microns in
greatest dinmeter averaged approximately ninety-seven per cent of
the total. The dust conuts for the different operations are showy

in Table V,
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The relative degree of dustiness in the various departmcats of

the four asbestos fabricating plants surveyed is indicated in “Table .

VI This summary of the average concentrations from the dilferent
plants has been prepared from the data contained in Table V.

TANLE VI. RELATIVE DUST CONOENTRATIONS l)l’ DEPARTUENTS OF
o ABDERTOS PLANTM

Concealrsilon—Milkions of

) articks per Cuble Fool of Alr
- Number
Departmont ol x —
: Bamples
Mintmuma | Muxtiaum | Average
Preparation sad Carding % (X ] 2.3 (TR
Waaving and Mule BPIDDIDE ceeeeoeseoacancsaveses " 1.9 ws | owenw
Twisting, Winding, Rope and Wik, Deakliag,
Ganker, ote, o ok : ) X 0.4 L.

It will be scen that the highest duat concentration occurs i the
preparing room, where the asbestos reccives its lprcliminnry treat-
ment, The lowest concentration is associated with the making of
ring gaskets. The figires given in Table VI, while showing the
relative dustiness, do not explain fully the conditions in cach de-
partment. The concentration of the dust in the successive phascs
of the process varies, depending-on the type of fiber used and the
nmicthod of manufacture. In or§cr to cxplain these variations, it is
necessary to discuss scparately, conditions encountered in- the sev-
cral operations. The figures ‘fiven in the following paragraphs rep-

1

resent the concentration of dust in millions of particles per cubic
foot of air. ~ :

Preparation—The dust in the preparing roomas s practically all
due to purc ashestos, no cotton having yet been added. The de-
gree of dustincss depends primarily on the type of fiber used. Thus,
it was found iu plant B that when mill fiber was fed into the Saco-
Lowcll opeucer, the average count was [19.4, as compared to a cou-

.ccutration of 33.2 when the longer-staple crude fiher was treated
in exactly the same way. :

In plant D ouc of the operations involved the sereening of shon-
leagth will fiber without firat passing it through a Saco-Lowell
opener, The employe engaged in feeding the waterial onto the
screen was found to be exposed to a concentration of 65.7. A scc-
ol workman, whose duty was to it burlap bags with the sereencd
fiber after it had been removed from the shaker by suction, was ex-
posed to a concentration of 96.1.

In the wixing roum, where the cotton and ashestos are hleuded,
the degree of dustiness was again found to depend primarily an
the type of fiber used. For example, the concentration of dust wias
1.6 when o mixture of cotton and will fiber was being el the
wilxliys picker. The concentration dropped to 3.1 when the wre
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mix was fed into the picker, the concentration was 847, -

Cardlng—The marked difference In the total dust count in the
carding operation as the result of using different grades of ashestos
wilt again be seen. When the crude Aber mixture is belng carded
for the manufacture of electrical insulating tape, & concentration of
I.l was noted. The mixture for cheaper grades of yarn, such as
that used for weaving brake liniug, is generally made from mill
fiber. The concentrations of the dust when mill fiber was bein

_carded were 23.4, 24.3, 29.8, and 800, The samples were collectec

in card rooms of various plants.

Occasionally the loose web of asbestos and cotton, as it emerges

from the breaker card and passes over the camel-back, becopes
broken. It is then the duty of the operator to go to the rear of
the card and repair the broken web, the task requiring approxi-
mately onc-half hour per day. 1t was found In one plant that the
employee was cxposexr to a concentration of 57.5 during this time,
while during the remainder of the day he was exposcd to a con-
centration of 24.3. '

At intervals it Is necessary to shut down the card and clean or
“strip” the rofls. This is donc by scraping them with a hand-card,

which is a brush covered with strips of card cloth. - The cylinders .
are slowly turned by hand at the same time. The dust concentra- |
tion during this operation was 5.5. Sometimes the rolls are cleaned -
while they are being turned at the customary carding speed. The *

employes stated that this was a very dusty operation, but it was
impossible to ohtain samples during this procedure.

Weaving—The concentration of dust in weaving is dependent on
many factors, but princi aﬂ{ upon the following: (1) quality of the
warp and fill being usc«r : (2) whether weaviung Is done dry or wet;
(3) conditions of ventilation; and (4) nature of the finished product,

The influcace of the first factor is shown In the weaviag of in-

~ sulating tape and brake lining in plant C. A concentration of 69

was associated with the weaving of tape (made from crude fiber).
In the weaving of brake lining made from mill fiber, the count was
27.1. In both of these operations the warp was dry and the fill wet.

As poiated out in the description of the weaving process (page 8),
weaving may be done cither with the yarn dry or moistened with

water. The presence of moisture materially decreases the con--

ceatration of the dust. For exawple, in the wet weaving of brake
lining the concentration is 6.1, but when it is woven dry the count
increases to 27.0. '

The cffcct of ventilation Is shown in the weaving of cloth In plant .

D. In this plant, ordinary clectric fans were located just back of
the weavers, 8o that dust generated In the procesa would be hlown
away from the worker's hreathing zone. When the fana were

opcrating the coucentration of dust in dry weaving of cloth forty *

inches wide was 9.9. When the fans were turned off, the figure
rose to 33.3.

.’I‘h'c fourth factor, nature of the finished product, also‘ Influences

A

¢ degree of dustiness,  Thus, the average concentratlon . et

’
o

was made from crude No, 1 fiher, In plant D, when the lowest grade

L o
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countered in \vcavingzlnmlatlng tape was 10.5; that of cloth, 21.3;

and of brake lining, 230 - .
‘e looms in time accumulate a great deal of lint. This is re-

moved perimlicaﬂgb(geuenlly ouce a week) by beating the loom

with a llexible rubber paddle. Each weaver cleaus his owu loom,
the time required being approximately one-half honr per week.
During this operation the dust concentration was 74.1.

_ Splnning—The concentration of dust in the mule spinning room
depends on the type of ashestos fiber used in the waking of the
yari, A count of 2.1 existed during the spinning of yarn made
from crude fiber for the weaving of insulating tape. A yarn made
from a high grade of mill fiber produced a concentration of 5.5. The
dust associated with the spinning of commerclal grade yarn, the
cheapest grade made, was lound to be 13.2. These figures are for
the mnle spinning in plant B. In plant A the average conceutration
to which thc mule spinners were exposed was 23.0. In this plaut
.ail operations from preparing to weaving were carricd on in the
saue room. Consequently, it is impossibic to state that this con-
ceniration is dne to mule spinning alone.

Other Operations—The minor mechanical operations necessary in
the production of asbestos textiles have relnt&cly small concentra-
tions of dust associated with them. In thd winding opcration in
plant A this was found to be 8.0. Again, this number cannot all be
ascribed to winding because of the fact that all operations were
performed in the same room. Ia plant B, in the twisting room, a
figure of 2.4 was found associated with twisting two-ply yarn. This
figure increased to 4.0 when yarn was twisted three-ply. '

" Warping Is a mechanlcal transfer of the twisted yarn to larpe
spools or warp beams for the looms. It gives risc to very little
dust, the concentration belng 1.0,

Dust CoNCENTRATIONS 1N OTnER PROCESSES

In addition to the fabrication of asbestos textiles, one of the
plants manufactured other products in which the amount of ashestos
was cousiderably less than the amount used in textiles. These
products included 85% magnesia insulation, molded brake lining,
usbestos cements, shingles, ,iumbcr. and tile. Oune plant made as-
hestos paper which contains nincty-five per cent of short-staple mitl
fiher. Dcterminations of the dust concentrations were made at
sume of these operations. The results are showa in Table VII,

Otner PorrnTial. Hazawos

“Thix smrvey was concerned only with the hazard caused by ashes-
tos dnst, hut other materinlx that must he considered as potential
haznnls were found, These materials are gasoline and benzol in the
garket and molded brake lining departiments, talc dust in the gasket
rewatt, and lead compounds in’ the rubber wixing department. In
the finishing asbestos lumiber and tile, additional potential hazards

nre gurqm-r solvents and sand from the grinding and pnlis“ op-
etilbons,

-
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FANLE VIl DUNT CUNCENTRATIONN OF NIKQKIAI.ANWI Ol’t_".lu‘ﬂﬂli“ N AN

ANNENTON VLANT

. = e smm o oI melmogs
Goneen
' i Numbe {l'ﬁmu“- o
o . 1
Urparbaen Operntion . of d unllcl‘:
a, cuble
wples (::{ of Alp
S— ssbesios D) eoreveererrmmeneneeee 8 | B3.3-480
Faper T '&iu‘ vty umz’ 1 1904
alr el pipe - @ossmsveeersceonnarsoara] | X
gl - -luul Huwlng ashestos fumber 130.3
Hddnude:- 4 lhuulln‘g ssbestos lnulaet 804t e cccneeaed] 19.6-20.8
mooﬂn bathroom £23.3-32.3
ting djle (paint -pny DOOLM) ceeevenemcvereroncensd] ua
Maguerin rnnu barzels with mmuu : s 2.8
w fhoveling saagnesin on 3408.0
arheston) l)llnlrln( bagrels Into m tt " 20,8
Clanlng pipe molds ; 163.3-100.3
lelnf luulnuon 1040 AINIMEY coeocarsaccernaccnnoces) 1.8
Remo nl fnsulstion from Lriminer ceceeeeceonccovcnces .4-13.8
hing snd bagglag scrap . .0-208.
Cluteh “Skinulng® fsclogs 1 3.9
Facing Grinding nbmo. paper cluleh foclogs .coveenceaeceee] 8 434.4-613.3
Teitling paper chiteh lacings 1 12.2
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