bl b al SR A UL LA

T AN NI PN R M

PRI ey

B ke e A

AR R T T T

- ‘2‘? + - - s 7 }

. el
[0 2

COMMONWEALTH OF PENNSYLVANIA
; DepARTMENT OF LABOR AND INDUSTRY
| ' RALPH M. BASHORE, Secretary

—

Special Bulletin ' No. 42

~ ASBESTOSIS

Part II. The Narture 2ad Amount of Dust -
Encountered /in Asbestos Fabricat-
ing Plants.

Part I11. The Effects of Exposurc to Dust

- Encountered in Asbestos Fabricat-
' ing Plants on the Health of 2 Group
of Workess.
%
i . &sz‘i{‘}é" .
h e ‘L'f?

BUREAU OF INDUSTRIAL STANDARDS
JOHN CAMPRELL., Director

A e e .

Harrisburg, Pennsyivania
Sepcember 20, 1933

vEP

O RGONeRTEP W"‘”"ﬁf |
— %1 - f’ *f -




LY

wi r.'w'-‘c'r ST e I ] e ATy L 2R

B L L ek AL IR

COMMONWEALTH OF PENNSYLVANIA
DePARTMENT OF LABOR AND INDUSTRY

Asbestosis

Part II. The Nature and Amount of Dust
Encountered in Asbestos Fabricat-

ing Plants.

Part I The Effects of Exposure to Dust
‘ Encountered in Asbestos Fabricat-
ing Plants on the Health of a Group

of Workers.

. by
Wiuas B. Purron, M D., Chief of Industrial Hygiene
Artan Dootzy, Chemist
Juua L Matruzws, Pr. D., Chemist
Rosext L. Hourz, Chemix

INDUSTRIAL HYGIENE SECTION
BUREAU OF INDUSTRIAL STANDARDS

e g o ——

1yt e

e rm o —————

ASBLESTOSIS—Pa
Encounter

In 1934 the Depart
wealth of Pennsyivar
to the health of work
Pennsylvania. The D
of the literature at th
the general subject ¢
lack of information, t!
their cooperation was
include 2n evaluation
gree of dustiness and
agreement was mad
neither would be give
ings of anyv particular
employes in this stu
being recorded. All :
of the Department of

Asbestosis was firs
(16) at the Charing (
in 1924 reported a cas
dergrass (33) in 15256
ers. Since then, othe
of asbestosis, but it w
(74) published the re:
ers, together with som
McCoannell, and Fehn
report of a comprehe:

The industry in thi
plants engaged in th
sulating tape, asbestos
ucts. Acrcording to th
there are approximate
facture of ashestas pre

The nature of asbe
procedurss used fur ¢
accepted standard m.
ing. and particle size
report (41) the met!
countered in this stud
¢ Rawopies of dust taken in
modifted {orm of the sinpex
meilum.  In this Dwsllum th
distilled walftr wos utilizsi
i Ml coOURLINK rprresiyle
of sL esat [Rirty mMibutes ¥,

Aedl remained roastaat siiry
of leniher strapy, o vuch 2 W




PR -yv.-.*-awvrc-lcﬂ' ‘6"‘“ SR

e ©

of Dust
* Fabricat-

“to Dust
: Fabricat-
v"a Group

L1dustrial Hygiene

hede L iweim e e

A

2

" BARDS

1

:—- !

:1

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

% : IxTRODUCTION

- In 1934 the Department of Labor and Industry of the Common-
* weaith of Pennsyivania received a reguest for infurmation relative

to the health of workers employed in axbestos fabricating plants in
Pennsylvania, The Department had nu data available, and a review
of the literature at that time revecaled a scarcity of information on
the general subject of [asbestos pneumokoniosis. | Because of this
lack of information, the industrics in the Siate were consulted, and
their cooperation was obtained to conduct a survey, which wouid
inelude an evaluation of the hazard {rom the standpoint of the de-
gree of dustiness and the physical condition of the workers. An

ent was made with the employers and emploves that
neither would be given specific information as to the physical find-
ings of any particular workman. and that the original identity of ali
employes in this study would be destroved, case numbers only
being recorded. All records abtained were to become the property
of the Department of Labor and Industry.

Asbestosis was first recognized clinicaily by Dr. H. M. Murray
(16) at the Charing Cross Hospital, London, in 1500. Cooke (16)
in 1924 reported a case of pulmonary asbestosis. Pancoast and Pen-
dergrass (83) in 1926 examined a group of seventeen asbestos work-
ers. Since then, other investigators have reported individual cases
of asbestosis, but it was not until 1930 that Merewether and Price
(74) published the resuits of 2 study on a group of ashestos work-
ers, together with some evaluation of the degree of exposure. Lanza,
McConnell, and Fehne! (66) have recently published a preliminary
report of a comprehensive survey on this tubject.

industry jn this State consists mainly of several fabricating
piants engaged in the making of a3besios cloth, Niake Lming, b= |
i asbestos rope and wick. ang other miscellaneous prac-

uels. According to the 931 Pennsyivana Industnal Lirectory (60)
there are approximately two thousand persons engaged in the manu-
facture of asbestas products in Pennsylvania
The nature of asbestos dust is such that many of the standard
ures used for other dusts could not be used. Changes in the
accepted standard method were required in the collection, enunt-
ing, and particle size determination of the dust. In Part [ of this
report (+41) the method of collection and counting of dust én-
countered in this study was described and suminarized.®
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Preliminary to the collection of atmospheric dust samples in each
of the {our plants included in the survey, general intormation was
obtained concerning all phases of plant hygiene, with special refer-
ence to the general plan of the {actury. number and types of opera:
tions, ventilation of workrooms, illumination, ete. . :
The concentration: of dust in a plant was determined for each
ration or deparmcnt. A complete study of each operation a3
made, noting in detail the nature of the work, approximate time res
quired for each operation, and changes in the process, SO that sam-

- ples collected would be represcatative of the actual exposure to

dust.

ProrEaTiEs OF ASEESTOS

The term «Asbestos” in its commercial sensc is jousely appiied 10
a group of minerals with 2 number of sub-divisions having, i com-
mon, ssessing more of jess resistance tO

the action of fire and acid. e three mineral groups are:
1. A.nt.hoghyllite—(lIg.Fe) Si0,.
2. Amphibole of Hornblende—Silicates of Fe, Ca, Mg
3. Serpcntine—a'illgO.ZSiO,.ZH,O. :

The three types of asbestos ordiwmd_h_mmfmgi.

chrysotile, crocidolite, and amosite Crocidolite (biue asbestos) an
amosite, 2 vellow or brown vanety of crocidolite, hoth belong to

the a.mphibble or hornblende group. The principal source of the
Chryso-

jatter two varicties is, at present, Rhodesia, South Africa.

tile. a minerzl of the serpentine group. comprises the bulk (about
95%) of the 3sbestos of cominerce. Only relatively small amounts
of crocidolite and amosite are used in comparison o the quantity

sotile is the Thetford re jon of Can-
e cnit tates does
not rank high as 3 P of asbestos, the domestic output being
less than three peT eent of the amount used in its asbestos manus
facturing industries (10). No asbestos is mined in Pennsylvania,
although small amounts have been found jn serpentine quarries
from time to time. No attempt has ever been made to separate the
asbestos from the scrpentine in these quarTies. Arizona and Ver-
mont supply the bulk of asbestos mined in this country.

TABLE I-TTMCAL AXALYSYES OF CHRYSOTILE
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In the Canadian deposits the chrysotile is found in veins from
ome-cighth inch to six inches in leugth, occurring as bands in the
serpentine rock. The mineral is peneraily a dark te blackish-green
fastrous color, aithough when the fibers are scparated into fine
flaments, they are white. The fibers are very fine, silky, soft,

reasy and slippery to- thie touch. They cannot be separated into
a single fiber like cotton or wool. ‘

Chemically, chrysotile is 2 hydrated silicate of magnesium with
small amounts of oxides of iron and aluminum. There are many
published analyses of chrvsotile from the Thetford region, and
they appear to vary but little. Table I gives cight typical analyses
of chrysotile (95). The shown in the amalyses in Table 1
does not exist as free silica. It is chemically comnbined with the
bases in a complex molecule. Samples of dust collected in the
workers' breathing zone swith the electric precipitator (30) were
analyzed petrographicaily and were found to contain no {ree silica.”

The chrysotile of commerce is classified in two general grades,
depending on the length of the fibers. Crude fiber comsists of the
hand-separated and -selected material essentially in its native or
anfiberized form. Alill fiber includes all grades that are obtzined by
mechanical crushing of the rock and subsequent mechanical sep-
aration of the fiber. Crude No. 1 consists of fiber whose length
is 3§ inch and longer; Crude No. 2 ranges in length from 34 inch
;xp to ¥ inch. Ahil fiber includes all fibers less than 3} inch in
ength.

e spinning quality of asbestos fiber depends primarily on its
length. Consequently, the best grades of asbestos textiles are made
from the crude fiber. The shorter fibers are used in ;

textiles and in the manulac h e -
ter, and cemen ’

Descxirriox of Process

tion—Crude fiber as received from the mines has under-
F:me no treatment other than hand-hammering to remove the rock
rom the fiber, after which it is sorted and screcned. It is received
at the plant in burlap bags, each containing one hundred pounds.
The fibers must first be separated and loosened to remove rock par-
ticles. This operation is done in what is known to the industry as
a “preparing room.” A number of bags, sufficient for one batch.
are opened and dumped on the floor of the preparing room. The
fiber is fed into rim-wheel crushers and crushed for about fiiteen
minotes. These crushers have two heavy rotlers attached to a
radial axie, and revolve on a smoath surface on which the asbestos
is placed. Alfter the fibers have been erushed and luusened suff-
ciently, they are fed into the hopper of an opener or fiberizer,
usually of the Saco-Lowell type. %his operation serves to further
open the fibers. From the opener, the asbestos is discharged onto
s rectangular shaker screen where small pieces of stone, foreigm
material, and some of the dust are removed. The asbestns is liftad
{rom the screen by air suction and conveyed to storage bins. It is

then ready for mixing with cottog.

o
. Pytregravhiz snalyam ol Jawmpies wery comdueted by DY, A, B. Gallowny, of tha Inctusirial
Sygiess Laboctstory, Pesseyivasia Department of lLabor and IRGusLry.

- e
.
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MiTl fiber. because of the mechanical crushing and separation
given it at the mine, does pot reyuire the preliminary processing in
the rim-wheel crushers as does the crude fiber. The mill fiber is
{ed directly into the Saco-Lorvell opener, and from then on is given
the same treatment as the crude fiber.

Asbestos fibers when examined microscopically do not possess
the rough imbricated surfaces of other fibers such as wool. They
resemnbie fine polished mewl rods, free from any serrated surfaces.
This characteristic explains the extreme difficulty encountered in
attemnpting to spin & thread of pure asbestos. A certain amount

. of cotton must be added as 2 binden for spinning. The amount

sdded depends on the type ol fiber and the use for which the finished
product i3 intended. ‘Tabie II shows the average amount of asbes-
tos used in the manufacture of products made in the four plants
included in this survey. ]

TABLY II-PERCESTAGES OF ASBESTOR IX VARIOUS ASPESTOS PRODUCTS*

L

o Tl ol
Brais lniag (vovem) e | - 9% | *%
issulstiog tepe - | ® »n w6
Ashemos coth [ ] 5 - =100
Comsmmercisl grada yers - e ) - Th-100
Gov. Specil. yern aed CHOCY et § - " - -
Asheston rope snd wick | et » - | =
Tars asd cloth, Userwriters $oe. —————1 = e S
JPT—— - - T -
Brake Muing (wokied) - - » -
Ashmston paper - - — -
w5 magsesis mmlation - - - i)
Asbretos shingies aml Jomber R S ™)

e Compind fom imformation suppiied by the meaufsetarets.

Mixing—1Veighed uantities_of asbest
some small amounts waste, are dum n aiternate layers
in a2 pile on the floor of the mixing room direetly in froot of the
mixing picker. The batch is shoveled into the picker, which is
equipped with revolving beaters. In order to sccure thorough mix-
ing, the batch is run through the same picker twice, of through
tweo pickers arranged in series. The mixture is removed by suction
to the storage bims to await carding. -

Carding—Carding is necessary to remove the remaining small
bits of rock, and to comb the fibers into 2 more or less paraliel con-
dition so that they may be spun. A card is a machine with a series
of revolving cylinders covered with strips of leather, wound di-
agonally, and fitted with fine, close-sct, sharp steel bristles. A card-
ing unit, as used in asbestos plants, usuaily consists of two cards,
the breaker and the finisher: The mixture of asbestos and cotton

v
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is whecled in hand trucks from the storage hins, and fed by hand
into the feed hopper of the breaker card. It is passed over the re-
volving cylinders of the breaker card, emerging in the form of a
loase blanket or web., The direction of flow is then changed
through ninety degrees. It next passex over 2 camci-back intn the
finishcr card. The fiber is stripped from the last evlinder of the
finisher onto a moving leather apron where a set of reciprocating
scrapers or rubbers cundenses it into loose rovings or “slivers”™ of
unspun yarn. These rovings are wound on long Jack spools to be
taken to the spinning department. .

The rovings at the extreme ends of the eards cannot be used for
spinaing purposes because of their lack of uniform thickness. These
are gathered up a¢ card waste, and. together with waste from suh-

ent opcrations, returncd to the preparing room where the waste
is shredded and added to later hatches.

Some cards are designed so that a fine cotton thread may be in-
corporated into the rovings as they are doffed from the card. This
practice yields a stronger roving.

In the manuofacture of asbestos rope and wick. only one card is
used. The rope and wick rovings, which are not subsequently spun,
are thicker than rarn rovings. Hence. one carding operation is suf-
ficient. Generally a fiber of shorter staple than that used in textile
manufacture is used for making rope and wick.

Spinning—The unspun rovings, as they are doffed from the cards.
necessarily have no twist and therefore little teusile strength. It
is neccssary to twist or spin these rovings to impart the desired
strength. This spinning may he done either on ring spinning frames
or on 2 machine called a mule. Tn the plants includerd in this stndy
all the spinning was done by the latter method. Several of the
plants had spinning frames. but thev were not in operation.

The mules had irom two hundred and sixtv to possibly five hun-
dred and fiity spindles mounted in a straight line on a carriage
which is made to move forward and backward. The Jack spools
{rom the cards are mounted on the mule and the ends of the rovings
fastened to the spindles. As the spindles recede from the Jack
spools (a maximum distance of about fiity-four inches) the rovings
are unwound. The spindles turn slowly as they recede. to give a
slight twist to the rovings. \Vhen the spindles have reached the
point of greatest recestion ther are turned very rapidiv, and the

‘yarn spun. When sufficient twisting has heen done. the spindle

carriage moves back amain in the direction of the Jack spools. caus-
ing the spun yamn (ahout fftv-four inches) to he wound on the
spindles. The operation is then repeated until the spindles are
fully wound with single-ply vam. _
The duties of the mule sninner arc to remove the spindies {rom
the mule when thev are filled. and to tie the broken ends of the
unspun rovings as the spindles recede. This last operation requires
constant vigilence, becanse the rovings are continually breaking.

Subsequent Operations—The spindies {rom the mules are next
transferred to a spooling or winding machine to rewind the singie-
ply yarn on other types of spools. This is simpiy a mechanical
transier of the yamn. -

T
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These spools are next taken to 2 twisting machine where two or
three of the singlesply threads are twisted into one thread. For
the manufacture of brake lining or packing the yarn may be re-
inforeed with a fine metallic wire. This addition is performed dur-
ing the twisting operation. The twisted yarn is finally wound on
paper spools about six inches long. .

The twisted yarn may be soid as such to other manufacturers, or
it may be woven into cloth, tape, or brake lining, or braided in the
wame plant.

Weaving—\Veaving is done on locms in a similar manner to the
method empioyed in weaving wool. cotton or silk. In the weaving
of asbestos tape intended for electrical insulation, singie-ply yarn
with a very low cotton content is used. Most tape looms are con-
structed so that as many 2s twelve pieces may be woven at the
carge time. It is the usual practice in weaving asbestos tape to wet
the bobbins or “cops” with water before weaving. The warp is
kept dry.

Cloth is woven in much the same w3y as insulating tape. Two-
or thres-ply yarn is used. Sometimes the varn is reinforced with
metallie wires, generally brass or copper. Either or both the warp
and fll are drv or moistened with water, depending on the use fnr

which the cloth is intended.
‘Brake lining is woven on looms in the same manner as tape. As
many as eight pieces may be woven on one loom at the same time.

It mav be woven dry or wet, or \with the warp impregnated with a
“dope” solution. This olution is generally a suspension of gilsonite
in rasoline to which other ingredients may be added.

Final operations in the manufacture of woven textiles consist of
calendering. inspesting and winding of the products. These opera-
tions are all mechanical ones, and require no description.

Gasket Making—COne of the important uscs of asbestos cloth is
in the manufacturs of ring maskets. In this process, the asbestos
cloth is spread on the {loor and impregmated with a solution of rub-
ber in gasoline. to which has been added barytes and other pig-
ments. The rubber-treated ashestos cloth is cut into strips of nre-
determined size, and the paskets formed by hand. They are then
coated with soapstone, calendered and packed for shipment. An
inexpensive gasket and packing is made by twisting thick rovings
into ashestos wick znd rope. Still other types of packings are made
by braiding asbestos yarmn on specially designed machines.

OTEEx PROCESSIS

Other products containing asbestos are made in some of the plants
included in this survey. These products include asbestos paper, in«
sulation for steam pipes, asbeatos cements,’ shingles, lumber, molded
brake lining. and cold maided asbestos articles, generally electrical
fittings and houschold appliances. The fiber uscd for these purposes
is of short staple. The percentages of asbestos used in these ar-
ticles is indicated in Table IL ’
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ParticLs Size DETEXMINATION

Cooke and Hill (22), in autopsics of ashestos workers, have
found particles in the lungs measuring up to three huadred and
sixty microns in length.  Accordingly, in the determinativn of the

averape particle size of asbestox dust, all fibers, irrespestive of

length, were measured. .

Methods of Particle Size Determination—\Within recent’ years
three gencral methods have been used for measuring the size of
particles. One method, 2 direct one, involves the usc of the flar
micrometer inscrted in a microscope tube, measurements being
made by moving the micrometer adjurtment and reading the vernier
to determine the dinmeter of the particles.

The sccond method, an indirect one, was introduced by Green
(55) to determine the size of paint and rubber pigments. Tt has
since been applied to the measurement of the average size of in-
dustrial dusts. In this method, an indirect one, phototicrographs
of the sample are made on lantern «lides, which are then projected
by a stercoptican on a screen at a known magnification. The
images are measured and the average size calculated irom these
readings. .

With the third method. the dust is collected on a microscope
slide, and the images projected on 2 ground-glass screen with a
micro-projection apparatns. and measurements made. This latter
method is the one used in the present study, and will be described
more fully in a later paragraph.

Nature of Asbestos Dust—The dust encountered in tos fab-
ricating plants is non-umiform in nature Tt is scen §§ easiat of
t es: particies herical _in :

fibers ; and colion . Figurelisa photomicrograph of dust pro-
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duct:il. when processing mill fiber. The three types can be readily
no .

Because of the non-uniformity of this type of dust, average par-
ticle size was determined in two dimensons, onc at right angles to
the other. Jeasurcments were made of the longest diameters,
which were termed longitudinal diameters, and a second set of
measurements were made at right angles to the first, which were
termed transverse diameters.

Method of Collection—Samples for the determination of particle
gize were coilected by the use of the electric precipitator (30). This
method yiclded samples that were satisactory for direct micro-
projection and measurement. No intermediate steps for preparing

‘the sample were necessary.

The precipitator emploved was designed on the principle of the

Cottrell precipitator. e air was drawn through the precipitating

tube by 2 small rotary fan driven by a motor, the rate of flow being
measured by 2 flowmeter. The rate of sampling was one cubic foot
(28.3 liters) per minute. The precipitating tube was made of Pyrex
glass with an inside diameter of 24 ecm. A number 1 mi

cover slip, 22 by 70 mm. in size was placed in the precipitating tug:
directly beneath the central clectrode. The dust in the air was
deposited electrically on this cover slip. When a represcntative
sample had been precipitated, the cover glass was removed and
mounted dry on a microscope slide. A total of sixtcen samples was
collected at various operations, all being taken in the breathing zone
of the workers. ' :

Measurement—A micro-projection apparatus with the microscope
arranged in a horizontal position was used. Apochromatic objec-
tives, 8 mm. and 2 mm., and a 10x compensating eyepiece were
emploved. This system practicaliy eliminated color fringes, gave 2
fat field. furnished maximum light inteasity, and permitted the
measurement of the long fibers.

The images were projected on & ground-glass screen at a pre-
determined distance from the microscope. This screen was ruled
in centimeter squares to facilitate measuring. A transparent rule
was nsed. and the size of the projected images recorded in miili-
meters. Accurate focusing on each individual particle before meas-
uring was accomplished by a remote control attached to the fine
adjustment of the microscope by a mechanical sieeve.

Predetermined magnifications of 2000 and 10.000 were used, de-
pending on the objective. Measurements were made according to
the method suggested hr H. L. Green (56). Using the 8 mm. ob-
jective (magnification 2000) the longest diameters of two hundred
particles were measured. all lengths less than ten millimeters (five
microns) being neglected, The number of fields examined was also
recorded. An equal number of particles was measured using the
2 mm. objective (magnification 10,000}, and all particles fifty milli-
meters (five microns) and over were disregarded. Again the num-
ber of fcids examined was recorded. These measurements were
used to calculate the average lonritudinal diameter of the sample.
The method of calculation is shown in Table III. For the csleula-
tion of the average transverse diamcter the same procedure was

10
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o .4 ]
-3 1n.e 3
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” 4.0 1
] 14.5 1
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2 | 1.0 ]
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» . a0 ]
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" m.e | 3
o 0.0 | )
a 7.5 1
- o5 ! 1
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0 .0 | 4
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tudinal diameter of the dust from crude Glver was found to be 2.12
microns, while that of mill fiber was 135 microns.  Transverse

- diamecters were 0.69 microns and 0.45 microns for erude and miil

fiber respectively. The longest fiber ubserved measured four hun-
dred and two microns. -

‘The pereentage frequencies of the various-sized particles were
determined for longitudinal aud transverse dimcnsions. TFigure 2
shuws these values plotted on Hazen's logarithmic prubability

paper.

The difference 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 microns or more in lengih. 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. .

TABLR 1¥. SIZE FREQUEXCT DISTRIUCTIOX OF ASDESTOR DUST

R
Cruede Ther MT ¥ihet
e Growp B Mieross
:,...nmj Transverse | Lomgitudinal l. Traoeverse
Under 0.0 no% | 2% % 3%
.5-4.08 i B i no n.s i 0.3
1.0-1.00 ! it | 13 1.3 - —
30100 T 4 5.0 i —
-8 s X 1.5 .8 .5
250 s o et 1.9 i — e | —
3.0-3.0 3.1 | — 1.7 i —_—
31399 17 ] = 1o ; ——
4.8 13 | e o ! .
4t 98 e J 1.0 i —
18 and ever | 40 13 1.0 ' ]

Dust CONCENTRATIONS IN THE PLANTS

All samples were collected by the modified form of the Greenburg-
Smith impinger (33) using ninety-five per cent G. S. P. ethyl alco-
hol as the collecting medium. Dust counts were made according to
the method described in Part 1 of this report (+1). All particies
were counted regardless of size. Particlcs less than tea microns in
greatest diameter average approximately ninety-seven per cent of
the total. The dust counts for the difierent operations are shown
in Table V. "
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The relative degree of dustiness in the various departments of
the four asbestos fabricating plants surveyed is indicated in Table
V1 This summary of the average concentrations from the different
plants has been prepared from the data contained in Tabie V.

£ABLE VI. RELATIVE DUST COXCEXTRATIONS IN DEPARTMFEXTS OF
ANBESTON DPLANTY

——M

*

tion~MiTtinns of
Particics per Cubia Yoot of Alr

Komber

Drpurtmast of .

m,ﬂ.xm:i Average

i
Preparation ssd Cirding - - *s % 123.3 "
Weeving 13d Mk Solasing ____.....__..-—-1 q 1.9 % ns | w#
| i
Twisting, Windieg, Rope and Wiek, Brakiing. :
Gastwt, wie. — = s s 8
]

It will be seen that the highest dust concentration occurs in the
preparing room, where the asbestos reccives its preliminary treat-
ment. The lowest concentration ;s associated with the making of
ring gaskets. The figures given in Table VI, while showing the
relative dustiness, do not explain {ully the conclitions in each de-

ent. The concentration of the dust in the successive phaszs
of the process varies, depending on the type of fiber used and the
method of manufacture. In order to expiain these variations, it is
necessary tc discuss separately, conditions ¢ncountered in the sev-
eral operations. The figures given in the foilowing paragraphs rep-
resent the concentration of dust in millions of particles per cubic
foot of air.

Preparation—The dust in the preparing rooms is practically alil

ue to pure asbestds, no cotton navin e de-
gree of qustiness depen s prmanly on the type of fiber used. Thus.
7t was found in plant B that when miil fiber was fed into the Saco-
Lowell opener, the average count was 119.4, as compared to a con-
centration of 332 when the longer-staple crude fiber was treaterd
in exactly the same way.

In plant D one of the operations invoived the sereening of short-
length mill fiber without first passing it through a Saco-Lowell
opener. Thc employe engaged in feeding the material onto the

-gereen was found to be exposed to 3 concentration of 63.7. A sec-

ond workman. whose duty was to A1l burlap bags with the screened
fiber after it had heen removed from the shaker by suction, was ex-
to a concentration of 96.1.

Ta the mixing room, where the cotton and asbestos are blended.
the degree of dustiness was again found to depend primarily on
the type of fiber used. For example, the concentration of dust was
106 when a mixture of cotton and mill fiber was being fed into the
mixing picker. The concentration dropped to 3.1 when the mixture
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was made from crude No. 1 fiber." In plant D, when the lowest grade
mix was fed into the picker, the concentration was 7.

Carding—The marked diffcrence in the total dust count in the
earding operation as the resait of using different grades of ashestos
will again be seen. \When the erude fiber mixture is being carded
for the manufacture of elecirical insulating tape, 3 concentration of
1.} was noted. The mixture for cheaper grades of yarn, such as
{hat used for weaving brake lining, is generally made {rom mill
fiber. The concentrations of the dust when mill . fiber was being
carded were 23.4, 24.3, 208, and 800. The samples were collected
in card rooms of various plants.

Oceasionally the loose web of asbestos and cotton. a3 it emerges

" from the breaker card and passes over the camel-back, becomes

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 approx-
mately one-hall hour per day. It was found in one plant that the
employee was exposed to 1 concentration of 57.5 during this time,
while during the remainder of the day he was exposed to a con-
centration of 24.3.

At intervals it is necessary to shut down the card and clean or
~strip” the rolls. This is done by scraping them with a hand-card,
which is 2 brush coversd with strips of card cloth. The cylinders
are slowly turned by hand at the same time.” The dust concentra-
tion during this operation was 335, Sometimes the rolls arc cleaned
while they are being turned at the customary carding speed. The
employes stated that this was 1 very dusty operation, but it was
impossible to obtain samples during this procedure.

Weaving—The concentration of dust in weaving is dependent on
many factors, but prineipaliy upon the following: (1) quality of the
warp and fill being used; (2) whether weaving is done dry or wet;
(3} conditions of ventilation; and (4) nature of the finished product.

The influence of the first factor is shown in the weaving of in-
sulating tape and brake lining in plant C. A concentration of 6.9
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 fll wet,

As pointed out in the description of the weaving process (page 9),
weaving may be done either with the yarn dry or moistened with
water. The presence of moisture materially decreases the con-
centration of the dust. For example, 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 effect of ventilation is shown in the weaving of cloth in plant
D. In this plant, ordinary elcctric fans were located just hack of
the weavers, so that dust generated in the process would be biown
away from the worker’s breathing zone. When the fans were
operating the concentration of dust in dry weaving of cloth forty
inches wide was 99. When the fans were turned off, the figure
rose to 33.3.

The fourth factor, nature of the fnished product. aiso inftuences
the degree of dustiness. Thus, the average concentrition en-

18

v - ————— =

e

e m————— s e e s

countered in weaving .
and of brake lining, 23.

The looms in tinie a
moved perindically (g«
with a liexibie rabber
the time required bein
During this operation 1

Spinning—The cunce
depends on the type o
yarn. A count of 2.1
from crude fiber for th.
from a high grade of mi
dust associated with t
cheapest grade mace,
the mule spinning in pl.
to which the mule spi:
all operations from pn
same room. Conscque
centration is due ta m

QOther Operations—T
the production of asbe:
tions of dust associate
plant A this was found
aseribed to winding be
perforined in the same
figure of 2.4 was found
figure increased to +.0

Warping is a mecha
spools or warp beann
dust, the concentration

Dust Coxc

In addition to the |
plants manufactured ot!
was considerably less
products inciuded 35%
asbestos cements, shim
bestos paper which con
fiber, Determinations
some of these operatio

Or

This survey was conuc
tos dust, but other na
hazards were iound. T
gasket and molded bral
room. and lead compo
the fAnishing asbestos |
are lacquer solvents ar
erations.




tn the lowest grade
'E:u 847.

Jdust count in the
Zgrades nf asbestos
see is being earded
s conceatration of
§ of yamn, such 38
g made from mill
11 fiber was being
?lu were collected

{:ton, as it emerges
‘inel-back, Lecomes
: go to the rear of
Lrequiring approd-
one plant that the
b during this time,

rexposed to a €O -

7 card and clean ot
with a hand-card.
{th. The cylinders
;he dust concentra-
‘1 roils are cleaned
urding speed. The
i-ration, but it was
ture.

-

'1g is dependent on
(1) quality of the
(s done dry or wet
f1e finished product.
.the weaving of in-
‘oncentration of 6.9
¢ from crude fiber).
i bey, the count was
,ry and the fill wet.
+€ process (page 8).
* or moistened with
1Jeereases the con-
.t weaving of brake
roven dry the count

ing of cloth in plant
%»cztcd just back of
fss would be blown
en the fans were
iving of cloth forty
mned off, the figure

| E-l:t. also influences
! concentration en-

countcred in weaving insulating tape was 10.5; that of cloth, 213
and of brake lining, 23.0

The looms in time accumulate 2 great deal of lint. This is re~
moved periodically (gencrally once 3 week) by beating the loom
with a flexible rubber paddle. Eazch weaver cieans his own loom,
the time required being approximately onc-half hour per week.
During this operation the dust concentration was 74.1.

Spinning—The concentration of dust in the mule spinning room
depends on the type of asbestos fiber used in the making of the

A count of 2.1 existed during the spinning of yarn made
from crude fiber for the weaving of insulating tape. A varn made
grom a high grade of mill fiber produced a coneentration of 5.5, The
dust associated with the spinning of commereial grade varm, the
cheapest grade madc, was found to be 132, These figures are for
the mule spinning in plant B. In plant A the average concentration
to which the mule spinners were exposed was 23.0. In this plant
all operations from preparing to weaving were carried on in the
same room. Consequently, it is impossible to state thar this con-
centration is due to mule spinning alone.

Other Operations—The minor mechanical operations necessary in
the production of asbestos textiles have relatively small concentra-
tions of dust associated with them. In the winding opcration in
plant A this was found to be 8.0. Again, this number cannot all he
ascribed to winding because of the fact that all operations werc

ormed in the samc room. In plant B, in the twisting room. A
figure of 2.4 was found associated with twisting two-ply yarn. This
figure incrcased to 40 when yarn was twisted three-ply.

Warping is 2 mechanical transfer of the twisted varn to large
Is or warp beams for the looms. It gives rise to very little
dust, the concentration being 1.0.

Dust CONCINTRATIONS IN Orues ProcESSES

In addition to the fabrication of asbestos textiles, one of the
plants manufactured other products in which the amount of ashestos
was coasiderably less than the amount used in textiles. These
products included 83% magnesia insulation, molded brake lining,
asbestos cements, shingles, \lumber, and tile. One plant made as-
bestos paper which contains ninety-five per cent of short-staple miil
fiber. Determinations of the dust concentrations Were made at
some of these operations. The results arc shown in Table VIIL

Otz PorExTIAL HAZARDS

This sarvey was concerned only with the hazard caused by ashes-
tos dust, but other materials that must be considered 2s potential
hazards were found. These materials are gasoline and benzol in the
gasket and molded brake lining departments, 1alc dust in the gasket
room, and lead compounds in the rubber mixing department. In
the finishing asbestos lumber and tile. additional potential hazards
are lacgquer solvents and sand from the grinding and polishing op-
erstions. . ,
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ASBESTOSIS—-PART IIL—The Efccts of Exposure to Dust
Encountersd in Asbestos Fabricating Plants on the Health
of a Group of Workers.

Complete physical excaminations were made of sixty-four persons
(48 men, 16 women) cmploved at the time in the plants listcd in
Part 11 of this report. Of ¢his number seven men without previous
re were used as controls. Selection of the workers was re
stricted to those employed ‘n textile manufacture. Those workers
longest cmployed were chosen because the necessity of including
a sufficient number from this group is evident. Attention was aiso
id to the group with exposures of shorter duration and to the
ieular operation at which the worker was employed. Table
111 shows their age distribution. '

TABLE VI DIFTRIDUTION BT AGE OF ALL PERSOXS EXAMINED

SE——

Al

l Ywmber = Age Group

Greup Persons ,
o @ 0 eusove

CORTON o eeerrtmeimen | 1 1 2 1 3

. =
m—h______—ll'u. - 1‘ c\ ...‘ 1

=

IER

- u

i
T

Asbestosis was found in fourteen persons (12 men, 2 women).
or 25 per cent of the exposed group. Forty persons wecre diagmosed
as negative and the remaining three doubtful. Of the latter group.
one individual had previous exposure to silica dust which may have
been the primary ot contributing cause and, 23 2 result, has been
eliminated from any further consideration. The cases having as-
bestosis were divided into those having slight and moderate pul-
monary fibrosis, no advanced cases having been found. The esti-
mation of the degree of ‘nvolvment depended on the amount and
extent of fibrosis seen roentgenologically and in the clinical find-

ettt e a 1

-] b1

Totals " i| »

as.

The present, past. and family medical, and previous occupational
histories were secured from each worker. Direct questions, which
might influence the ‘ndividual’s replies in regard to his subjective’
symptoms, were avoided in obtaining chiei complaints. The pre-
dominating subjective symptoms in the positive group were cou h
snd dyspnea. Other major subjective srmptoms were dry throat
and Trequent coids. One individual in this group had no subjective
symptoms. : : '
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Objccﬁvely. the major symptoms were again cough and dyspnea. .

Thirteen ns of those diagnosed positive for asbestosis com-
plained 02 cough, and eight of dyspnea. Other freyuently elicited
objective symptoms were irequent colds, paipatation. weakness,
precordial pain, and pharyngeal dryness. No objective symptoms
could be obtained {rom one individual in the positive group.
Occurrence of aeute respiratory infections was particularly ob-
served in the past medical history. Frequent coryza or other upper
sir-pagsage iniections which did not resuit in a loss of time of three
or more working days, were listed as objective symptoms. Pneu-
monia during the course of employment occurred in three of the
positive and seven of the megative group. The past medical his-
tories were otherwise negative except for an attack of pleunsy in

.one individual of the exposed group diagnosed as negative.

Family histories and. in particular, tuberculous contacts were
noted. Two workers with ashestosis had roentgenological evidence
of healed tuberculosis and negative family histories. Two others
who showed evidence of healed tuberculosis, and who did not have
asbestosis, also had aegative family histories. -

Physical examinations were made with the workers stripped to
the waist. Mean variations in the present and greatest weight were

less in the asbestosis group than mn the group diagnosed as neg3--

tive and in the controls. Five-minute oral temperatures showed
s maximum clevation of 0.5°C. Four persons having asbestosis had
an elevation of temperature and eleven in the negative group showed
it. Elevation of body temperature in the control group was absent
The mucous membranes of the nos¢ and throat of the entire group
were essentially negative. The conjunctivae did not appear to be
irritated. Tenderness over the antra and frontal sinuses was not
found. Deflected nasal septa were comman, and diseased tonsiis
were noted in a few cases. The external auditory canals did not
show evidence of plugging or irritation.

Clinical examination of the thorax inciuded inspection, palpation,

jon, and auscultation of the hesrt and lungs. A tendency to
‘ncreased anterior-pasterior diameters of the chest in the positive
exposed group was noted. Io the pesitive group the respiratory
murmur and vocal resonance were impaired i five cases. Crepitant,
suberepitant, sibilant, and sonorous rales occurred in nine of the
agbestosis cases, the two latter tvpes being predominant.

The recognition of cyanosis presented a difficult problem. When
it occurred the skin had an unheaithy jeaden lue, with variations
in the degree of intensity in the three individuals in the positive
group showing this physical sign.

Roentgenological examinations, made of all workers, included
fiuoroscopic examination, stereoscopic anterior-posterior and ablique
skiagrams of the chest. In addition to noting gross chest pathology,
the movement of the diaphragm was measured in centimeters dur-
ing the fluorosconic examination. Right and left oblique
of the chest aided in the interpretation o rticularty

€ de on i sura.  the hila, trunk. an
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film suggested atefectasis. Increased acration, such as one sees in
emphyscna, occurred in 2 few cases. Tw_cd‘_m[n_:ﬂﬂr;g;
hesions were noted j s. The average movement O
omes of the diaphragm of the positive group was lcsa than that
of the ncgative cxposed or control groups. Three of the positive
and two of the negative group werc found with roenigenological
evidence of hcaled tuberculosis. Further evidence of pulmonary
discase in four of the positive group was clubbing of the hAngers.

The occurrence of ashestos bodies and the presence of B. tubercu-
losis were dctermined in 2 single specimen of sputum obtained from
each person. Each employe was instructed in the proper method of
obtaining the sputum specimen, and was requested  to collect 2
morning sample. An equal volume of antiformin was added to

each samplc. After compiete digestion of the mucus, the mixture

was centrifuged for three minutes at approximately 2000 r. p. m.
and the supernatant liquid decanted. Distilled water was added to
the solid centrifuged portion, and the mixture recentriiuged for
three minutes. A drop of the deposit was transferred to 2 microer
scope slide and examined for the prescnce of asbestos bodies under
both 8 mm. and 4 mm. objectives.

FIGURE 3. PHOTOM ICROGRAPH OF
ASBESTOS BODY. MAGNIFICATION 600
DIAMETERS

The greater percentage of sputum specimens were of 2 whitish
eolor, but a few were muco-purulent. Thie asbestos bodies were 2
%:ge vellowish brown color and varied in size. shape, and number.

e largest asbestos body found measured 117 microns in length.
The bodies ocenrred singly, clumped. and as fragments.  When

t singly or in clumps, they presented 2 bead-like appearance
or & dumb-bell shape. with buibous ends tapering into a narrow
strand at a position midway between the ends. Figure 3 is a photo-
micrograph of a single asbestos hodv. [u one specimen an average

of two of three asbestos bodies or {ragments of bodies were sesn in
21
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muﬂndﬂasaﬂﬂl.hbaﬁn rate 0. P-R mterval 0.16 second Voltage 3.5
. Low voltage of ali O-R-S complexes.

Diagnosis—Asbestosis, moderate.

i . wapLr XI. INCIDENCE ASD DEGRLE OP ASBERTOSIE WITH RELATION TO
OCCCPATION, DUST CUNCEXTRATION, AXD TEAKS OF LXTORCEY
R
gl : Average
st Comprer Astentonts
el tration
FriT IR Ouspation !E»o_-
= t o
particies) Tesru Totsl
pex cuble of Numshet | | 1 !
g Preparens - 3 L _ - | -
= i =
- = — 3 - | =1 3 - -
Nty Carers’ us | u—u 5 v R -
—a I 1| | - -
' —
oywr s 1 10 =) e - -
Toeal | M 5 _ — -
b = - _ _ ?
A Wravers - ) 1 ] - - - -
Bt g n ond — | | - - -
e : " Splamers ug | w8 3 | o= | | - -
e = . - 3 t | - - -
 E -.li.-..n pe—T— 2 - - - -
PR Tetal 1 H - -
e
=_ Wndery, — | _ - - - -
; R Twisters, - . ! - - -
i - a Warpers, | ! - —
= Bl . ne. w—u = - - -
" | over @ E ) - - - | =
: ﬁ...ll n n _ t - - ’ t
) . Totals _ ’ " _ - * ' 1 ~ - d : -
: ; per- i
(Tite; | The principal factors now thought to determine incidence and
. t; : degree of the pneumonoconioses are mature and concentration of
. m the dust, length of exposure, and individual susceptibility. The in-
- — . ) ) N .
a : o n
£ . ’
: .
m ey - » . — ~
3
; . .
3




Foh vt ST R VS L

B e e =

G ommer et

PRy

-

—

cdence of asbestosis with relation to occupation, concentration of
the dust, and length of in the fiity-six persons examined in
this study is indicated in Table X1. Obviously the examination of
such a relatively small group prevents the formation of definite con-
ciusions as to the infiuence of these factors. Nor is it possible from
our findings to estoblish the maximwn safe concentration of asbes-
tos dust in the air. However, the results of this investiation show
the necessity of a reduction of the dust concentrations in those
operations, shown in Part II of this study, where there is continuous
exposure to high concentrations.

. Soxataxy

(1). The concentration of dust in asbestos fabricating plants de-
pends primarily on the grade of asbestos; mill fiber gives rise to a
higher concentration than crude fiber. Operations arranged in de-
creasing concentration of dust are preparing. carding, weaving, spin-
ning, twisting, winding, and warping.

(2). The average particle size of asbestos dust is stated in two
diameters, longitudinal and transverse.

(3). Petrographic analyses of dust encountered in asbestos fabri-
cating plants collected in the workers' breathing zone shows it to
contain no free silica

(4). Fourteen, or 25% of fifty-six workers employed in the tex-
tile departments of asbestos fabricating plants in Pennsvivania had
both clinical and roentgenological evidence of asbestosis.
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