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ASBESTOSIS—Part 1. The Nature and Amount of Dust
Encountered in Asbeatos Fabricating Plants.

INnTROLUCTION

i 93 the Department of Labor and Tndustry of the Common-
wenlth of Pennsy lvania received a request fur information relative
to the health of workers empluyed in asbestos Tabricating plants in
Pennsylvania. The Departinent had no data available, and a review
uf the literature at that time revealed a_scarcily of inlormalion on
: ubj slng cumokunivsis. Because of this .
i State were consulled, and
their cooperation was ebtained to conduct a survey, which wou
mictiide_an_cevaluation ol the hazard froin the standpoint o1 the de-
JI rrée ol dustiness and _the physical coudition of (h€ workers. An
agrecinent was made with the employers and employes that
: neither would be given specific information as te the physical find-
I ings of any particular workman, and that the original identity of all
employes in this study would be destroyed, case numbers only
being recorded. AW records oblained were to become the property

of the Department of Labor and Industry.

Asbestosis was first recognized clinically by Dr. H. M. Murray
(16) at the Charing Cross 1lospital, London, in 1900. Cooke (16)
in 1924 reported a case of pulmonary asbestosis. Pancoast and Pen-
dergrass (83) in 1926 exanined a group of seventeen ashestos work-
ers. Since then, other investigators have reported individual cases
of asbestosis, but it was not until 1930 that Merewcther and Price
(74) published the results of a study on a group of asbestos work-
ers, together with seme evaluation of the degree of exposure, Lanza,
McUonnell, and Fehnel (66} have recently published a prefiminary
repurt of a comprehensive survey on this subject.

The industry in this State consists mainly of several fabricating
plants engaged in the making of asbestos cloth, brake lining, in-
sulating tape, asbestos rope and wick, and other miscelinneous prod-
ucts.  According to the 1931 Pennsylvania Industrial Divectory (61)
there are approximsately two thousand persons engaged in the manu-
facture of ashestos products in Pennsylvania.

I'he nature of asbestos dust is such tlat many of the standard
procedures used for other dusts could not be useld. Changes in the
acceptesd standard method were required in the collection, count-
ing, and particle size determination of the dust. In Part T of this
report (41) the method of cullection and counting of dust enm-

ED countered in this study was described and summarized.*
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Preicamary to the collectinm o goospheric ditst samples in cach
of The o plants icladed i tle simvey, generad dnformation was
oliascn vonconmg all phases of plant hygiene, wih special refer-
ence 1o the geneal plan of the Ty, samber and types of opera-
Lo, venbshatom of workrooms, allumeidion, cle. .

The concenteatpm of dust e a pliad was determined Jor each
vperation ar sdepariment. A compldde study of each operation was
e, noting e dbetail the nature of the work, approximate e re-
qaneed tor cacl uperation, amd cliziges in the process, se that sam-
ples eoliected wonld he representative of the actual expusure 1o
dust,

PROTERTIES OF Asnesros

i termt “Ashestos™ i its connnercial sense is Jousely applied o
a woup of mmerals with a nuniber of sub-divisions having, m com-
won, hbrons structure, and possessing more or less resistance to
the actin of tire and acid.  The three mineral groups are:

1. AnthophyHile—(Mg.Fe) SiO,.
2. Amplibole or Horublende--Silicates of Fe, Ca, Mg
3. Serpentine--3Mg(2.25i02,.211,0.

The Iliree types of ashestos ordinarily used in wanufacturing are
chrysoule, crocidulite, and amosite,  Crocidolite (blue asbestos) and
amosite, a yelbnw or brown varicty of crocidolite, both belong to
the amplibade o horublemle group,  The principal source of the
ladler 4w varicties is, at present, Rhodesia, Sooth Africa. Chryso-
tile, a mmenal of the serpeatine yroup, comprises the bulk (about
S L) o the ashestos of connerce. Only relatively small amounts
al crocadolite and amosite are used in comparison o the quantity
af vhry sobile.

The provapal souree of cbrysolibe is the Thetlord region of Can-
ada, abont fuety-Bve miles sontte ol Qnebee. The United States does
nat ank logh as a prodocer of asbestos, the domestic output being
lews than three per cent ol the amomt ased in its ashestos manu-
Goctaroge industries (103, No ashestos is mined in Pennsylvania,
athough small amomis have beenw found i serpentine quarries
freon time te Lome. Nooattempt has ever heen made to separate the
ashestos feom the serpentine in these guarries.  Arizona and Ver-
s supply ihe bulk of ashestos mined in this country.
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In the Canadian deposits the chrysotile is found in veins tron
one-cighth inch 1o six inches in leagth, occurring as bands in the
serpentme tock. The mineral is generally a dark to blackish-green
lustrous color, although when the fibers are separated into fine
filaments, they are white. The fibers are very fine, silky, soft,
greasy and slippery to the touch. They cannot be separated into
a singde fiber hke cotton or wool,

Chemically, chrysotile is a hydrated silicate of magnesiom with
sttt amounts of oxides of iron and aluminem. There are many
puldished analyses of chrysotile from the Thetford region, and
they appear to vary but littke, ‘Table I gives cight typical analyses
ol chrysotile (Y5). The silica shown in the analyses in Table I
dues not exist as free silica. It is chemically combined with the
bases iu a complex moleenle,  Samples of dust coliected in the
workers” breathing zone with the clectric precipitatur (30) were
analyzed petrographically and were found to contain no free silica.®

The chrysotile of commerce is classified in two general grades,
depending on the length of the fibers. Crude fiber consists of the
hand-separated and -selectect material essentially in its native or
unfiberized form.  Mill fiber includes all grades that are obtained 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
Ilp tt; 34 inch. Mill fiber includes all fibers less than 34 inch in
cuprth,

The spinning quality of asbestos fber depends primarily on its
length. Consequently, the best grades of ashestos textiles are made
from ihe crude fiber. The shorter fibers arc used in cheaper grades
of textiles and in the manufacture of asbestos shingles, paper, plas-
ter, and cement.

DEscrirTioN oF 'aockss

Preparation—Crude fiber as received from the mines has under-
gone nu treatment other than hand-hammering to remove the rock
from the fiber, after which it is sorted and screened. [t is received
at the plant in burlap bags, each containing one hundred pounds.
The fibers must first be separated and loosened to remove rack par-
ticles. This operation is (l:)ne 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 filteen
mitnntes.  These crushers have two heavy rollers attached to a
radial axle, and revolve on a smooth surface on which the ashestos
is placed.  After the fibers have been crushed and luosencd suffi-
viently, they are fed into the hopper of an opener or fiberizer,
usually of the Saco-Lowell type. This operation serves to further
open the fibers. From the opener, the asbestos is discharged onto
a rectangular shaker screen where small pieces of stone, foreign,
material, and some of the dust are removed. The asbestos is lifted
front the screen by air suction and conveyed to storage bins, It is
then ready for mixing with cotton.

. ?;I rojraphic analyses of semplen were condoeted by Dr, A, ¥ Qall , of lbhe
Hrghre Laburatory, Peonsylvenis Department of Lsbor snd loduatry.
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prven nat Ahe e, does pel segaure the prehiminary processing in
e v wheel ermshiors s does the crude diher. "Tlhe osill fher is
e shaeetly aute the o-Laewet! apener, and from then on is given
the same treatment as the enwle fiber,

Ashestos fihers when examined microscopically do not possess
the roughe imbricated suelaces of other fibers such as wool. They
tesentde line polishied metal rodds, free from any serrated surfaces.
This chwackeristic explaine the extreme dificulty encountered in
atempting to spin a thread of pure ashestos. A cerlain amount
bl colttar st be added as a hinder, Tor spinning. FThe amoant
adeled depends an the Cope ol Bher and the ase for which the finished
prenduect s intended. Table 1T shows the average amount of ashes-
toee nseil ine the seadacture of products ovde in the four plants
included in this survey,

JAULE B P RULKTAGRY GF AXINENTOH IN YAHIOUN ANDENTOY PHODUCTS *
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Mixing—Weighed quantities ol asbestos mnd cotton, and wsually
~ome smabi anounts of card waste, are dumped in aleruate layers
o pie on e loor of the miing room abreetly in front of the
mixing picker.  The lateh is stoweled into the picker, which is
ecynipped with sevolving bheasters, Tn order (o secure thorough mix-
e, the bateh is run theaugeh e same picker twice, or through
twer pivkers arranged in series. The mixture is removed hy suction
1o the storage hins 4o awail carding.

Carding—Carding in necessary lo resmove the remnaining sinall
Tuts of rock, amd e comb the fibers inte a more or less paralte]l con-
dition so that they may be ~spun. A card is a machine witle a series
vl revolving exlinders covered with strips of leather, wound di-
agonally, mud figted with fse, cluse-<el, sharp steel bristbes. A card-
ingr umi, as used in ashestos plants, vsonally consists of two cards,
the breaker awd the finisher.  The mixture of asbestos and cotton
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witer the feed hopper of the breaker card. 1t is passed over the re-
volving cylinders of the breaker card, emerging in the form of a f
loose blanket or welb, The disection of flow is then changed 2R
through ninety degrees. It next passes over a camei-back into 1he !
finisher card. The fiber is stripped from the last evlinder of the .
fimicher onte a moving leather apron where a set of reciprocating P .
serapers or rubbers condenses it into lose rovings or “slivers™ of -t

unapun yarn.  These rovings are wound on long Jack spools to he
taken to the spinning department. ’

The rovings at the extreme ends of the cards cannot be used for
spinning purposes beeanse of their fack of uniform thickness. These
are gathered ap as card waste, e, together with waste from sub- -
sequent operations, returned 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 he in-
corporated into the rovings as they are doffed from the card. This
practice yiclds a stronger roving. :

Tu the manufactire of ashestos rope and wick. only one card is
nsed. The rope and wick rovings, which are not subsequently spun,
arc thicker than yara rovings. TTence. one carding operation is suf-
ficient.  Generally & fiber of shorter staple than that used in textile
uramsfacture is used {or making rope and wick.

Spinning—The unspun rovings, as they are doffed from the cards,
necessarily have no twist and therefore little tensile strength. Tt
is necessary to twist or spin these rovings to impart the desired
strengeth.  This spinning may be done either on ring spinnine frames
or un a machine called a mitle. Tn the plants inchuded in this study
all the spinning was done by the latter method. Scveral of the
plants had spinuing frames, but thev were not in operation.

The mules had from two hundred and sixty to possibly five hun-
dred and fifty spindles mounted in a straight line on a carriage
which is made to muve forward and hackward. The Jack sprols
from the eards are mounted on the male and the ends of the rovings
lastened to the spindles.  As the spindles recede from the Jack
spools (a maximum distance of about fifty-four inches) the rovings
are unwoumnd. The spindles turn slowly as they recede, to give a .
slight twist to the rovings, When the spindles have reached the -
point of greafest recession they are turned very rapidiv, and the !
varu spun. When sufficicnt twisting has heen done, the spindle
carriage moves hack a=ain in the direction of the Jack spools, cans-
ing the spun yarn (ahout fftv-four inches) 10 be wound on the
spindles.  The operation is then repeated until the spindles are
fullv wound with single-ply varn.

The duites of the mule sninner are to remove the spindles from
the mule when thev are filled, and to tie the broken ends of the
unspin rovings as the spindles recede.  This last operation requires
comsiant vigilence, hecause the rovings are continually breaking.

Subsequent Operations—The spincdles from the mules are next
transferred to a spooding or winding machine to rewind the single-
ply -varn on other types of spools. This is simply a mechanical
transfer of the yarn.
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thiee of the single ply theeads ‘are twisted into one thread.  For ! Cook 1 Wi . . .
o : the masnnfactiee of hrake lining or packing the varn may he re- i I ”"" ¢ “f"[ Wl (22}, in auwtopsies of ashestos workers, have [ .,
= N intoreed with a fime metalise wire.  This addition i< performed due- ! ".’u{m partic s "; ““’I tungs measuring up to three_hundred and
. " g the twisting operation. The twisted yarn is finally wound on sixty necrons in length.
¢ ”

§ Accordingly, in the determination of the .
average particle size of ashestos dust, all fibers, irrespective ol ;
length, were measured. "

paper spoals abont sixodnches long. !

The twisted yarm mav be solid as such to other mannfacturers, or !
it may he woven into cloth, tape, or brake lining, or beaided in the Methods of Particle Size Determination—Within recent years
sanoe plant, three general methods have been used for measuring the size of

One methad, a direct one, jnvolves the use of the Rlar F’-"ﬂ

) L. . L. particles.
Weaving—Weaving is done on looms in a similar manuner to the micrometer inseried in a niicroscope tube, measurements heing .
. . . . N M N ) y
wethl ennployed in weaving wuol, cotton or 5'_"‘- In the weaving i maie by maoving the micrometer adjustment and reading the vernier '
ob ashestos tape intewbed Tor electrical insulation, <ingle-ply yare 10 determine the diameter of the particles Vo
with o very limv cofton cosdlent is used.  Most tape looms are con- The second method, an iwdirect one, was introduced by Green L
strucled so that as many as twelve pieces may be woven at he . (55) to deterntine the size of paint and rubber pigments.” Tt has T
<anre lime, l-a"llu- |.|.-n:|_| practice in weaving -'I!fh{'st()'i tape to wrl i since heen applicd to the measureiment of the average size of in- s
:lu' Il«{lnl-ms or “cops” with water hefore weaving.  The war is I dustrial dusts. In this method, an indirect one, photomicrographs :-'~."
. N - - ™ L
kel dry, . . ) , of the sample are made on lantern slides, which are then projected ifd
Cloth is woven inosueh the same way as iosalatine tape. Two- I by a stercoptican an a screen at o known magnification. The
o Aiee ply yarn is used. Somelimes the varn is reinforeed with images are measured and the average size calculated from these
metallic wires, geaerally Lrass or copper.  Lither or hoth the warp readlings.
indd O are dry or moistened with water, depending on the use for With the third method. the dust is collected on a microscope
“-h"ih the choth is intenebed. - slide, and the images projected on a ground-glass screen with a
Brake lining is woven on looms in the same manner as tape.  As micro-projection apparatus, amd measurements made. This latter
many as eight picces may he woven on one Joom at the same time. method is the one nsed in the present study, and will he described
. . . ~ i N N s b
‘I'l way be woven dry or wet, or with the warp impregnated with a more fully in a later paragraph. .
dape” salution,  This selution is generally a suspension of gilsonite
in reoline 1o which other ingredients may he adeed.

Nature of Asbestos Dust—The dust encountered in ashestos fah-
ricating plants is non-uniform in nature. Tt is scen to consist of
three types: particles more or less spherical in shape; clongated
fibers; and cotton fibers.  Figure | is a photomicrograph of dust pro-

Final operations sw e mannlacinre of woven textiles consist of
calendering, imspecting and winding of the product<. These apera-
tioms e all wmechanival mmes, and require un description.

Gasket Making—ne of the miportant aces of ashestos cloth s
in the mannfactare of ring paskets. Tn this process, the ashestos
cloth i< spread on the floor and impregnated with a solution of rub-
ber b gasoline, e which has heen added barvies and otfer pig-
wents. The rubber-treated ashestos cloth s cut iste strips of pre-
determvined size, aml the paskets formed by hand.  They

N

are then

09 10N
310

4"
coted with soapstone, calendered and packed for shipment.  An |
- . . . - - - . .
inespensive gasket and poacking is made by twisting thick rovinpgs - I
inta ashestos wick amd rope. Still other types of packings are made - — 5
Iy Lranling ashestos varn o specially desipned ntachines. . oD
3
-
] :
at
Orner PROCESSES - ) o
. . O i
Other products containing ashestos are made in some of the plants [ o { e
meluded in this survey. These products include ashestos paper. in- = e -
sulattm for steam pipes, ashestos cements, shingles, fumber, molded = ¥
brake lindug, and cold molded ashestos articles, generally clectrical 5 L2 .
. - ) N
W himgrs wmd honsehold appliances. The fber used for these purposes P B .
. . N ' :
is of short staple.  The percentages of ashestos used in these ar- ol

- FIGURE 1| PHOTOMICROGRAPH OF DUST
tickes is indicated in Table T1. G PLAR" ool

- AN ASBES N

.._Z. PLANT. MAGNIFICATION 800 DIANETERS
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el wliew powessing weil Gifwe. The three types can be readily
1les]

teearse of the now wmilformity of (his type of dust, average par-
Viels cive was degernuned e bvoadineensons, one at right angles (o
the other. Measwecoments were made of the lmprest diameters,
which were fereocd lougiwlinal dinmeters, and a second set of
g ements were made al riglt angles 1o the fiest, which were
tenned iransyerse slimnetlers,

Metbiod of Collection—Smnples for the determination of particle
~eze were collected by the nwse of the electric precipitator (30). This
metleo] viekled samples that were satisfactory for direct micrn-
prrojection amel measurement. No intermediate steps for preparing
liwe saeple were necessars .

The precipitator cmploved was designed on the principle of the
Cottrel precipitater. “Fhe air was drawn through the precipitating
e by a small rotery Tan driven by a motor, the rate of flaw heing
mieasured by a fMlowmeter. The rate of sampling was one cubic foot
(28 3 liters) per miinude. The precipitating tube was made of Pyrex
plass with an mside dameter of 24 cm. A number | microscope
cover <lip, 22 by Z00mm. in size was placed in the precipitating tuhe
shrestly hienesth the eeptral electrode.  The dust in the air was
depucited electrically nn this cover slip. When a repredentative
sample hiual been precipitated, the cover glass was removed and
maunted ey on a microseape slice. A total of sixteen samples was
volledted at various operatims, all being taken in the breathing zone
ol 1he workers.

Measnrement—A micro-projection apparatus with 1he microscope
mrnmed jua harizomtal position was used.  Apochromatic objec-
tves, B e and 2 mm, amed a 10 x compensating evepicce were
cmploved. This system practicaffy eliminated color fringes, gave a
fat fiell, furnished nuxionn tight intensity, and permitted the
wicasarement of the Jong filers,

The images were projected on a ground-glass screen at a pre-
determined distance {rom the microscope.  This screen was raled
o centimeler squares to facHitale measuring. A transparent rule
was pual, amd the size of the projected images recorded in milli-
meten~  Aecurate focusing on each individual particle hefore meas-
uring: wis accamplished by a remnote control attaclhied to the fine
adjnsiment of the mierosespe by a wechanical sleeve.

Predotermined napnifications of 2000 and 10000 were used, de-
pendioe one the objective  Measurements were made according to
e anethod suegested by [ To Green (56). Using the R wmm, oh-
wetve cmaguification 200000 the bwgest diameters of two hundred
pa b les weee measured, all lenpihs bess than ten miflimeters {five
macrons) belige nepteeted  The nomber of fickds examined was also
vecordeal - An equal mumber of particles was measured using the
oanen. ebjective {magnification 10,000), amd ail particies fifty milli-
wieters (five microns) and over were disregarled. Again the num-
Ler of ficlds examined was reenrded. Tlese measurements were
al b cateulale the average longitidinal diamefer of the sample,
The uetund of catenlation is shown in Table ITT. For the calcula-
tiom of the average transverse diameter the samie procedure was

10
el T W T YO, "'J".f"""."!"iﬂﬁ‘"""i“""!"":", - e e
: v T ‘e - -
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XM the dust collected at various sta
hut no appreciable variation was found.
= marked difference in the average particle diameter of the dust frdm
‘_:':‘ the two general grades of asbestos fiber. The calculated longl-

-

followed, with measurciments being made at right angles to the

lungrest dianeters,

TARLE 111 FXAMPLE F METHOR

Mugnlficution—2000 138 Pickie

mm. i ] t [0 LI W)
10 5.8 21 3.46075
12 0.0 H Laww
13 $5 1 [ X
H 1.0 1 [ Xk
18 1.5 1 28360
19 a0 1 0. 30620
” nG 1 020138
" X} ® 23080
b 0.9 v 1.98750
1 19.5 1 . Mam
n e L] 10006
) ne H 0.70245
1] 120 1 0978
5% 2.5 1 0 Binoo
24 1.5 \ [ XTHI
™ 1o 1 040410
0 e 1 U 4RGT
» 16.0 [ 3 Ph
9 | 16.0 1 o D
EEE . 5752
0, B ' " 60Ty
" ' 146 1 Gl
mome ? 1.0
bl 19§ t 1.9905G
“"w me u & #1500
i 2.0 ) 0 0061
" 2. 1 0.71:72
5 .5 [] 2.6
a7 1.5 1 o Tlem
0 LY 4 53600
[ 76 f 5 460812
0 wo | ’ » Hoon
a Nk ] 1.04621
L3 s | ] 6.3MGeT
a nE | 1 14068
0 ne [ 6.00960
] M5 ] 1.90097
" E R H 1 03,
RO Mo H 2 AGmer
&G 5 . 22137
o e 1 1.6
o0 X3 1 1.85750

1o 5.0 f ] .00
120 m o ' 1. 00000
1 #6.0 1 A aon
140 ne I 2 4 sl300
1o oy H 1.96000
170 0ne ] 1.BIT36
I K5 ] 2.
[ 0.8 t 2.97060
an 00,0 1 2.21600
T WE.0 1 3. 40075
b} 1"s.e 1 3 M2
n e | 3 110400
a5 1125 1 1.0
e 1. | 1 540075
EEY 6o ] &.1222%5
Tntal ‘ wo | smoe | 1regiem

VSED IN TI CALCULATION aoF
AYERAGE LONGITUNINAL IMANETER

Magnifiention--to,000 112 Plekls

]
8

E

BESTewvanan
|- JN ey £ 1]

423RoSE
B —meandE -
(eeRdpafananen
1ZR32B23249=43Y

|atuunada e —ges2080
L TOT T TR YA PEAY TR PRty

?

3
8

‘g

Treglh of heege B millmeters

= 1laength af partich I mirrons.

xihauy + Bz M

Results—Particle size determinations were made on samples of
rocess of manufacture
lowever, there was a
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tudinal diameter of the dust from crude fiber was found to he 2.12
microns, while that of mill fiber was 1.35 microns. Transverse
diameters were 069 microns and 0.45 microns for crude and mill
tiher respectively. The longest fiher observed measured four hun-
dred and two microns,

The percentage Irequencies of the various-sized particles were
determined for longitudinal and transverse dimensions. Figure 2
shuws these values plotted on MHazen's logarithmic probability
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 micruns 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.

TADLE IV. ®IZFE FRFQUENCY DINTRIBUTION OF ARBESTOS DURT
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Dust CoNCENTRATIONS IN THE PLANTS

All samples were collected by the modified form of the Greenburg-
Smith impinger (58) using ninety-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 (41}). All particles
were counted regardless of size. Particles less than ten microns in
greatest diamcter averaged approximately ninety-seven per cent of
the total. The dust counts for the different operations are shown
in Table V.




the four ashestos fabricating plants surveyed is indicated in Table
VI, This summary of the average concentrations from the different
plants has been peepared from the data contained in Table V,
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{ It will be scen that the highest dust concentration occurs in the
preparing room, where the ashestos receives its preliminary treat-
ment. The lowest concentration js associated wilth the making of
ring paskets. The figures given in Table V1, while showing the
relative dustiness, do not explain fully the conditions in ecach de-
partment. The concentration of the dust in the successive phases
of the process varies, depending on the type of fiber used and the
method of manufacture, In order to explain these variations, it is
ueccssary to discuss scparately, conditions encountered in the sev-
cral aperations. The figures given in the following paragraphs rep-
resent the concentration of dust in millions of particles per cubic
font of air.
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Preparation—The dust in the preparing rooms is practically all
duc to pure ashestos, no cotton having yet been added. The de- .
gree of dustiness depends primarily on the type of fiber used. Thas, -
it was found in plant B that when milt fiber was fed into the Sace- .
i.owell epener, the average count was 1194, as compared to a con- L
centration of 33.2 when the longer-staple crude filer was treated N
in exactly the same way. "

In plant D one of the operations involved the screening of short- 3
length niill fiber without first passing it through a Saco-Lowell
opener,  The employe engaged in feeding the material onto the
screen was found to be exposed tn a concentration of 65.7. A »ec-
onl workman, whose «duty was to fill burlap hags with the screened
fiber after it had heen removed from the shaker by suction, was ex-
posed to a concentration of 96.1,

In the mixing room, where the cotton and ashestos are hlended.
the degree of dustiness was again found to depend primarily on
the type of fiher used. For exanple, the concentration of dust was
10.6 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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Wwas e (vom eowle Noo t Giber, In plant D, when the lowest grade
min was Ted e the prohes, the comentration was 847,

Carding—"The muked diierence in the tolal dust count in the
cavdings aperation as {he result of using different grades of ashestos
will s e seen. When the erude Qiber minture is heing carded
ive the nmadacture of electrical insulating tape, a concentration of
b1 owas nded. The mixture for cheaper grades of yar, such as
that weed for weaving brake hining, is generally made from mill
hher. The concentrations of ihe dust when mill fiber was heing
vateled were 234, 243, 208, and H0U.  The samples were collected
i vard rooms of various plants.

Orecasionally the [oose web of ashestos and cotton, as it cmerges
(v e breaker card and passes over the camel-back, hecomes
hrokest. 1L is then the duty of the operator to go to the rear of
the vant and repair the broken weh, the task requiring approxi-
wately oae-half hour per day. It was found in one plant that the
coployee was exposed to a coneentration of 57.5 durtag this tiwe,
whe dusing the remainder of the day he was exposed to a cou-
ventralion of 24.3.

Al mtervals it is necessary o shut down the card and clean or
strip” the rolls, This is dowe by scraping them with a haod-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-
Dow dwsingg this aperadion was 5.5, Sometimes the rolls are cleaned
winle thiey are being turned at the customsary carding speed.  The
ciplaves stated that this was a very dusty operation, bat it was
supussilde to obtain samples during this procedure,

Weaving—The concentration of dust in weaving is dependent on
wany factors, but priscipally upon the following: () quality of the
warp and Gl being used; (2) whether weaving is done dry or wet;
(3) comditions of veuntilation; 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).
I the weaving of brake linmg made front mill fiber, the count was
27,1, Wn both of these operations the warp was dry and the fill wet.

As prdoted out in the description of the weaving process {page 8),
weastyr may he dose eithes with the yarn dey or ministened with
water  The presence of moisture materially decreases the con-
ventratame of the dust.  For example, in the wet weaving of brake
hinim the concentration is 6.4, but when il is woven dry the count
micreises th 27.0.

The effect of ventilation is showa in the weaving of cloth in plant
1. L this lant, ordinary clectric fans were located just back of
the weanvers, so that dust pesesated in the process wonld he blown
wway [rom the worker's breathing zone.  When the fans were
aperating the coneenteation of dust in dry weaving of cloth forty
mehes wide was @Y. Whea the [ans were turned off, the figure
rose 1o 333

The fonrth factor. natore of the fnished product. also infnences
the degree of dustiness.  Thus, the average concentration en-
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cottlered in weaving insnlating tape was 10.5; that of cloth, 21.3;
aned of hrake liming, 23.0

FThe looms in time accummnlate a great deal of linte, This is re-
moved periodically (renerally once a weck) hy heating the lnom
with a lexible rubber paddie.  Each weaver cleans his own loom,
the time requived heing approximately one-hall hour per week.
During this aperation the dust concentration was 741,

Spinning—"The concentration of dust in the mule spinning reom
depends on the Lype of asbestos fiber used in the making of the
varn. 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 commercial grade yarn, the
cheapest prade made, was lound 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
ali operations from preparing to weaving were carried on in the
same room. Consequently, it is impossible to state that this con-
centration is due to mule spinning alone.

Other Operations—The sninor mechanical operations necessary in
the production of ashestos textiles have relatively small concentra-
tions of dust associated with them. In thd winding operation in
plant A this was found to he B0, Again, this number cannot all he
ascribed to winding hecause of the fact that all operations were
performed in the same room. In plant B, in the twisting room, a
figure of 2.4 was found associated with twisting two-ply yain. This
figure increased to 4.0 when yarn was twisted three-ply.

Warping is a mechanical transfer of the twisted yarn to large
spouts or warp heams for the looms. It gives rise to very little
dust, the conceutration being 1.0,

Dust ConcentraTions 1N Otier Processes

Tu addition to the fabrication of asbestos textiles, one of the
plants manufactured other products in which the amount of ashestos
was considerably less than the amount used in textiles, These
mroducts included B5% magnesia insulation, molded brake tining,
ashestos cements, shingles, lumber, and tile. One plant made as-
bestos paper which contains nincty-five per cent of short-staple mill
fiber. Determinations of the dust concentrations were made at
sume of these operations. The results are shown in Table VII.

Oruer PotenTialL Hazarns

This servey was concerned only with the hazard caused by asbes-
tos dust, bot other materials that must be considered as potential
hazards were found. These materials are pasoline and benzol in the
gasket and mobded brake lining departments, tale dust in the gasket
rooin, and lead compounds in the rubber mixing department. In
the finishing ashestus lumher and tite, additional potential hazards
are lacquer solvents and sand from the grinding and polishing op-
erations.

17
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ASBESTOSIS—PART II1—The Effects of Exposure to Dust
Encountered in Asbestos Fabricating Plants on the Health
of a Group of Workers.

Complete physical examinations were made of sixty-four persons
(48 men, 16 women) employed at the time i the plants listed in
Part 1T of this report.  Of this number seven men without previous
exposure were used as controls. Selection of the workers was re-
stricted to those employed in textile manufacture. Those workers
longest employed were chosen because the necessity of including
a sufficient number from this group is cvident. Attention was also  |:
paid to the group with exposires of shorter duration and te the
particnlar operation at which the worker was employed. Table I'%
VIII shows their age distribution. »e

TABLE YII. HETRIDUTION 0Y AGE OF ALL PRRAOKSE EXAMINED

— —

l Number in Age Grouy ol
Number of e
Group Preanne - - .
Framined
Uater 30 »n-w -4 050 |0 acdover
Contrat 7 1 t ; - t 1 T
Anhest in - r ! . . 1
_ f ] _
! {
Negatlye ... a 15 w | ou a 2
b ]
- — i
f
LLUTRE—— v | m W 4 s
‘ Asbestosis was found in fourteen persons (12 men, 2 women),
or 25 per cent of the exposed group. Forty persons were diagnosed
J 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 or contributing cause and, as a resuit, has been
eliminated from any further consideration. The cases having as-
hestosis were divided into those having slight and moderate pul-
monary fibrosis, no advanced cases having been found. The esti-
mation of the degree of involvment depended on the amount and
extent of fibrosis seen roentgenclogically and in the clinical find-
ings.

The present, past, and family medical, and previous occupational
histories were secured from each worker. Direct questions, which
miight influence the individual’s replies in regard to his subjective
symptoms, were avoided in obtaining chief complaints. The pre-
dominating subjective symptoms in the positive group were cough
and dyspnea. Other major subjective symptoms were dry throat
and frequent colds. One individual in this group had no subjective
symptoms.
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Ohgeeboely, the magor camplans were again comgh anmil dyspnea,
lenteen persions of those diagnosed positive {or ashestasis com-
phamed af eougly, and cight of despnea. Other Trequently  elicited
ahgevtive sympioms were frequent colds, padpataiion, weakness,
precudid padng ond phacyngead deviess, Nooobjeetive svaptoms
vould be olitiined Trmn ane imlividoal in the positive groop.

Clecurtenee of acide vespitatory infections was particutarly ob-
sevveib e the past avedicat histirey Frequeat corvza or odher upper
atr passape infections which did not resaltin a loss of time of three
neomore working davs, were lisied as objective symptoms. 'neun-
o sluging the conese of emptoyment ocearred i three of the
postine apd seven of the negative groop. The past aedical diis-
terics were slherwive negative except for an attack of pleurisy in
one ielividoal of e exposed greonp diggnosed as negative.

Py histordes amal, o particular, tubercufous contacts were
nated  Twe workers with ashestosis had roengygenologrical evidence
of heatedl tuberculosis aml negative family historics. Two others
who showed evidence of healed tuberculosts, and who did not have
ashestosas, also bad negatne family histories.

Physical examinations were made with the workers stripped to
e warst Mean variations in the present mml greatest weight were
Jess e the asbestosis gronp than i the group diagnosed as mega-
tive ool G the comtrols,  Five miinute oral temperatares showed
aomaonm elevation of O5°C, Four persons having ashestosis had
an ctevation of temperatare and eleven in the negative group showed
o Flewation of bdy temperature in the control gromp was ahsent,
e woeons membrates of the e and throat of the entire gronp
ally megative.  The conjunctivae did not appear 1o be
Tenderness over the anira and frontal sinuses was not
Neflected nasal septa were commoen, and discased tansils
The external auditory canals id not

vere o essen
nkiaded,
Tengaul

were aodeld i a few cases,
<how evidence of plugging or ieritation,

Chneil examination of the thorax included inspection, palpation,
percussion, and ansenltatbon of (e hieart and lungs. A tendency to
mervaseld anterior-poster dimneters of the chest in the posttive
expuesed group was noted. In the positive gronp the respiratory
mwomn aanl vocal resonanee were impaired in hve cases.  Crepitant,
subwerepitant, sibilant, and sonorons tales occurred v nine of the
ashestoss cases, the two latter bypes being predominant,

The recogrnition of cyanosis presented a diflicult problem, When
 accnired the skin had an nnhealthy leaden hue, with variations
in the degree of intensity in e three individuals in the posilive
gaoup <showing this pliysical sign,

Koentgenclogical examinations, made of all workers, included
fluoroscopic examination, slercoscopic anterior-gosterior and obligue
“hiagrrans of the chest. o addition 1o noting gross chest pathology,
the moventent of the diaphragm was measared in centimeters dur-
wpr the Hnoroscopic examination. Right aml left oblique exposures
of the chest aided in the intespretation of the films and particularty
m the detection of thickened pearr. The hile, teank, and lung
swiukings of the $fibrotie hngs were increased in prominence.  Tn
~ome films the lung Golds Jduwved a slight tendency toward beading
and nodalation. A small areain the distal third of the lung in one

20

(=== color, but a few were muco-purulent.
- pale yellowish brown coler and varied in size, shape, and number.

film suggested atelectasis. [Increased aeration, such as one sces in
emphyvsema, occurred in a few cases. Thickened pleura and ad-
hesions were nuted in a few cases. The average muvement of the
demes of the diapliragm of tlie positive group was less Lhan that
of the ncgative exposed or control groups. Three of the positive
and two of the negative group were found with roentgenological
evidence of healed tubercnlosts. Further evidence ol pulmonary
disease in four of the positive group was clubbing of the fingers.
The occurrence of ashestos bodies and the presence of B. tubereun-
lasis were determined in a single specien of sputum obtained from
cach person. Each employe was instructed in the proper method of
abtaining the sputum specinien, and was requested to collect a
morning sample. An equal volume of antiformin was added to
each sample. After complete digestion of the mucus, the mixture
was centrifuged for three minutes at approximately 2000 r) p. m.
and the supernatant liquid decanted. Distilled water waa added to
the solid centrifuged portion, and the mixture recentrifuged for
three minutes. A drep of the deposit was transferred to a micre
scope slide and examined for the presence of ashestos bodies under

both 8 mm. and 4 mm. objectives.

APH OF

::I‘} o FIGURE 3. PHOTOMICROGR
l":) ASBESTOS BODY. MAGNIFICATION 800

DIAMETERS

The greater percentage of sputum specimens were of a whitish
The ashestos bodies were a

The largest asbestos body found measured 117 microns in length.
The bodies occurred singly, clumped, and as fragments. When
present singly or in clumps, they presentied a bead-like appearance
or a dumb-bell shape, with hulbous ends tapering inte a narrow
strand at a position midway between the ends. Figure 3 is a photo-
micrograph of a single asbestrs bady. Ia one specimen an average
of two or three asbestos bodies or fragments of ies were seen in
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el b powet field, whde in others, only one or two bodies were
towmd e the entue specgaen “Table IX pives the occurrence of
wshestos lnalies o a single <pecimen frone each persim. Merewether
A peports tlat Ahe presence of ashestos bodies cannot be taken
H peesent as indicatiog anything more than previows exposure Lo
asbieqos dust, This s in aceenl with our fimdings for it will he
noted that they weve foumd in a specimen ohlained frian one of the
comlrols whe al the {ime wax sudlernng from an acote hronchitis,
prevalnetve of sommca-puralent sppstsom. This worker had been em-
ploved as w packer Toreman in the magnesia departiment for tfty
sears s ante exposure e ashestos dost was a rare visit to other
parts of the plant.
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A single spotmn speenmen obtained frimn cach dndividoal was
stneld and exaninel [or Ahe presence of I3 tuberenlosic,. Both
diever smears aml contrifuged antiforniinized specimens were foul
tu be nepalive,

Clinieal examination of the heart showed the apical impulse to
b ahsplaced fnoa few eaces. Apical svstolic murmurs were heanl in
e ol the posttive and twa of 1he negative groups. FThe bioawd
prossuee was defernined with o standard mercury sphivgmonae-
meter. Iyvpertension, althaugh present an a few cases in each
proup, ocenreed mnby o the older workers. Roeatgeonological evi-
dence of enlargement of the heart was not found. However, the
catihae silhonette i two imdividoals having asbestosis was found
ter D top nornsal in size

Plhectrocardiograms of Gifty-siv of the workers were nule follow-
e a thifyv-mimide rest period during which the subiect was in a
rechnog pasition, while ciehl were taken wilh the subject in a sit-
tine pesition folkowing o short rest perind  The must consistently
po~tteve clectra cardiographie finding in the entire group was fow
valtage, 16 was formd to he present in seven of the positive and
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cighteen of the negative groups, compared with four of the con-
trals. Right predominance was not present in the tracings of the
controt group, but did occer in two tracings of individuals with
asbestosis and three of the negative group.  Left predominance was
most frequently found in the tracings of individuals in the ad-
vanced age groups. Katz and Slater (62) found eighty-six per cent
of individuals wilh a second positive wave ol the J-R-S complex to
have changes in the heart muscle. Our findings show that six of
the exposed group had a second positive wave of the Q-R-S com-
plex; two of these had ashestosis, and four were negative, as com-
pared with an absence of this finding in the control group. The
P-R interval was increased in the tracings of two exposed per-
sons found to be negative.

A functional test of the individual’s response to effort was per-
formed by having him place one foot on 2 chair and then raise his
body iwenty-five times in thirty seconds. The pulse rate was de-
termined immediately before and afler exercise, and again at the
end of a two-minute rest period. The respiratory rate was deter-
mined immediately before and two minutes after the exercise test.
Table X gives the results of the functional test. Greater variations
were seen in the rate of respiration following cxercise in the ex-
posed group as cumpared with the controls than were seen in the
pulse rate. Individuals with a pulse rate of 10 above the normal
resting rate, two minutes after exercise, were considered abnormal.

TANLE X. PURCTIONAL TFKT OF RFNPONAE TO EFFORT

Pulss 1 Resplralion *
Gdroup —
Nigmber TPerechlage Rumber Perrentuge
NTROLS
co Hnlle . - pos 3 me
Frmale . .- .. -
NRGA."!;I'\:!""M L] ns b ] .
Femabk 2 4.3 4 ”me
R

A“I}MIES’_I.‘_,___,_____.___-__-.___.__4______ 1 [ N ] ] s
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' Pulse rale 10 sbove nosmal resting rate two minuies after exerclee.
1 Hraplratory rate ¥ abore normai resting rate iwo minules after exercise,

Ashestos warts are thought to be produced by a fiber of asbestos
which has become lodged in the skin, largely through the irritation
and overgrowth of the horny and malphighian strata {27). These ¥
growths are usually found on the hands but may also develop ont
the feet. Forty per cent of the exposed group had one or more of j
these papitlomas on their hands.
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wil evammed e lobar s deternwned by the Haden ol
Hansser colommeine methesl oed expressed as graons of hacnio-
gladin et WO oo of blawl. Samears Tor ditferential counts were
stsaesd wade Wnght's stain soek 260 cells studied microscopically
usigr a2 e oil insmersion objective. Practically no change was
checnved e thie Bilood pieture of the theee promps. Comparable
average vanahions il ocenr i either the ervthrocyte or leuco-
aate counl. In two individoals with moderately  advanced pul-
woniey bibrasis, e total lencocyte counts were 10,800 and 11,400
with crasesponsling increases in the percentages of polymorpho-
mieclear lencoeytes, Changes in the percentages of other types of
winle cells were ad olserved,

lirme specimens were collected from each worker at the time of
plsical examination.  Specilic gravity, albumin content, and the
jrresence of sigear were deterined and a microscopic examination
masle ul acenteiligged portion,  Urinalyses were essentially negative
excepl for g drace of albamin in four of the positive and thirteen of
the negative expased grougs, as compared with two ol the coutrols.

A bl summary of the clinical findings of ashestos mill
workess amd the accompanying itustrations (Figuges 4 to 7 inc.)
e presented 4o show the two stages of ashestosis encountered in

1his stuedy t
. wo

Case wmuher A-8700 - While uade; agel M) yrars,
Chiel vomplaints -Cough.

Crpraie spmploms--Orcasiosat Inmial headache £2) Epistaxis rare £3) Dry

mproductive cough (4) Conghing attacks precipitated by strenious exer-
s,

1'ast Medical History- Uswal childbsod discases.  Traomatic orchitis, 1934,

Erupational History—Wegan working at 16 years of age.  Mitkman, 2 years.
Mule spinncr, worstol mill, 2 years, lIce man, 1 year. Mule spinncr, as-
heston fabricating glant, Y years.

Physeal Examination-- Anparently healthy acdult male,  FHeight 62 inches.

« 3™
2 0
oa!“L

.o wirs
Weight 122 pounds (greatest weight 122 pownlds), Skin clear,  No cyanosis. . ;‘:
Asbeston warts on both hands.  'olse rate before, immediately after, and . / 1
two minntes after cxercive, B4, 100, 72, Respiralion rate inmediately be- R
fore mul twe mindes afer cxercise, 20, 22 Chest, normal shape; per- j
cusion vasmial; breath asd yoice somds normal; sibilant and  sonerous Ty
riles both hases.  Heart, apical impulse, Sth interspace mid-clavicular line; i
woomurmurs. Blowd pressure 114790, s

Fiwn oscopy—NHaphrageatic swvement, right dome, 2.5 cm.; left dome, 1.5 cm. : -
X-Hay ‘Ihoracic cage is negative. The trachea is in the midline. The cardiac ’ -j

! sillmucite is within normul limits of size. The arch of the aorta is not e "ﬂ

CY wulrned.  The donies of (e diaphtagm are somewhat irregular on the lelt N o
sule but fairly irregular on e right. The pleura appears to be shighily ! Jopee)
thirkened on the belt siile, and is more clearly shown in the ohlique view. M "{

P In the right apex there is possibly an ofd heaked tuberculous process giving -

- the appearance of an apical cap. The hila are increased in prominence. v . ‘:j

- The trunk markmgs amd lincar inarkings are increased in prominence. WG e

—! e OO

24
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FIGURE 4, CASE NUMBER AB8730,

FIGURE 8. CABE NUMBER 447,




i ¢ L
S Rl
. 1 .
“ - . . . . . r -
o . . Flge leogrant 4 aehn yate 721 R e 016 seomd Voltags 4 nna, i ticnnat excreise fest, 6, LIR, 76, Respiration rate before and two min- 4
Ly 1 , ntes after functicnal excrcise teat, 14, 8. Tlood pressure 134790, .
e, o IR TTTESS T, SN PP TR T PRI . . . . A s
£.3 . . Flunruscopy—Thaphragmatic excorsion; right dowe, 17 om.; teft dome, 2.5 cm. E
“r‘ A L. i Cotse Nuteher 47 Wit b il 47 vears, X-Ray ~The thoracic cage is negative. The trachea in in the mid-fine. The '»i'.l
‘T' 9 ' 4 Chial Cosnplaints ¢ Lol 421 Shoriness of heath cardiac sithouctte is within mormal kimits.  The diomes of the diaphragm
3 ' . . . . . N
o4 . . 1aa Medied Tlistory Usual csisdlumal fisenses, Gonorelwea, 1922 . are regular, 'l"lu- hila amd _Irlmk mal:lun:s are increased in prosivence.
R . S The limg markings are alse increased in prominence.
1 1; i . LTS Croogativand Jhstony - Farmne antil M years of age. Laborer steel wonhs, . L .
R . G 2 venrs, Labener gram mill, b ovear  Preparation toom ashestos mill, 15 Elecirocardiogram—Cardiac rate 60 P-R interval 0.6 second. Vollage 3.5
A ‘i ) A - 4 reare, . mm.  Low voltage of all (-R-5 complexcs.
’ ; ! Diagnusis—Ashestosis, morderate.
(% -
; 'e TADLE XI. INCIDENCE ARD DEGRFE OF ASRENTONIA WITH RELATION TO
'y OCCUPATIO HAT YEARS OF FXPOSURE
4 il = - s ==
‘]‘ Average
4 Caierne Asbeatosls
tratlen
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9
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por cuble of Nuriber ! f H
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FIGURE 6. ELECTROCARDIOGRAPHIC TRACING OF CASE Y ——
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m FIGURE 7. ELECTRCCARDIOGRAPHIC TRACING OF CASE - e e o - - .
. NUMBER 447 el Fotsl .2 ‘ 1 T
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Physnai Examination General appearance fair.  Skin clear  Mcight 59 inches, < S 5 - w7 T ! I | E:
— Weight 126 postinls ¢ greatest weight 125 pomuds).  No clublung of fingers. __‘]7"r "’"’i Tatsl I o éi,’
sy N ashestos warts.  Nait beds not cyamotie,  Chest, wormat shape; per- i“'"“‘ - - T T T — ;_."‘l'
K et . . . . e . . H ’ :
e vission porsl; respiratorsy prurmur witkin normal limils: vocal cesenance o L‘-j I'he principal factors now thought to deternine incidence T -
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cidewer of ashestows with relation to occupation, concentration of
the da-t, atel leng v of exposuee in the fifty-six persons examined in
thi~ shady ds imnlicated e Fable X1 Obvionsly the exanumation of
<o b retatively small granp preveats the formation of delinite con-
whiusions as to the mitlnener of these factors. Nor is it possible from
onr Jubimgs {o estaldish the maximum safe concentration of ashes-
tosialust in the aire dlowever, the resudis of this investigation shinw
the pecessily of a reduction of the dust concentrations in those
operations, shown in Part 11 of this study, where there is continuous
exposiere 10 higle concentrations.

SusmMARY

{1y The cancentration of dust in ashestas fabricating plants de-
penads primarily on {he grule of ashestos; mill fiher gives rise to a
higher concenteation than erude fiher.  Operations arranged in de-
creasang concesdration of sust ave preparing, carding, weaving, spin-
wing, Lwvistingg, winding, sl warping.

{27 The averape patlicle size of asbestos dust is stated in {wo
o ters, longritudinal aml transverse,

(5 Petroyrraphic analyses of dust encountered in ashestos fabri-
caturg pdants calleeted in the workers' breathing zone shows it to
conliin e free silica,

{1 Fourteen, or 257 of Afty-six workers eniplayed in the tex-
lile slepactments of ashestos fabricating plants in Pennsylvania had
Lsth clinical and roemipenelogical evidence of asbestosis.
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