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ASBESTOSIS—Part 1I. The Nature and Amount of Dus:
Encountered in Asbestos Fabricating Plants.

IsTRODUETION

In 1934 the Department of Labor and Industry of the Coanmon-
wealth of Pennavivania received a request jor adormstion relative
to the health of workers empinied in a~besto: fabricating planis in
Pennsylvania. The Department had no data availabie, and 2 review
of the literature at that time reveabs! a scarcity of information on
the general subject of asbesto: pneumokuniosis. Because of this
lack of information, the industries in the State were conzulted. and
their cooperation wa: obtained to conduct a survey, which would
include an evaluation of the hazard irom the standpoint of the de-
gree of dustiness and the physical condition of the workers, Arg
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McConnell, and Fehnel (66) have recently published a prenmina:y
report of a comprehensive survey on this subject.

The industry in this State consiste main!y of several {abricating
plants engaged in the making of asbestos cloth, brake lining. in-
sulating tape, asbestos rope and wick. and other miscelluncous prod-
ucts. According to the 193] Pennsvlvania Industrial Directory 61
there are approximately two thousand persons engaged in the manu-
facture of asbestos products in Pennsvlvania.

The nature of asbestos dust is such that many oi the standard
procedures used for other dusts could not be used. Charges< in thc
accepted standard method were required in the collection. count-
ing, and particle size determination of the dust. In Par: ] of thi:
report (41) the method of collection and counting of dust en-
countered in this study was described and summarized.®

*Sampls of dust taken in plant: for fabricating asbestor products were coll-ctel hy |
mod!ifed form of the standard method. using a & pe 2t T 6. P etav aicvhui »- »
med'um.  lp this medium the particlss were well distirit ¢ spd readih covnted Wien
distilled water was otilizrd as the colleeting mediumm  sgglomeration occutred DM Diate iy
and made counting lmpossible  Dispersior, of the durt o aleohol iF gunsd A settlnhg o
of at least thirty minutes war required before counting  The psrich count to anv g

peld remained constant al*er this period A modified holster fg descenibed It s coxx'.- I
of leatber atraps, ip such a way that the Dud in the lmpinger Bash W Crtm l‘ A u&r)
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The three types of a-lastos ordinarily weed i manuifi-turing are
chryaotiie, erovndadine, and ame-ite Croodadite bl o :
amosite, a dellow or brown varicts of crocidadine Lot belong
the amphibiole or hornblende group. The principal source of the
latter two varietie~ is, at present. Rhodesia, south Airica. Choysee
tile. a mineral of the serpontine group, comprise= the buls zbouot
9371 of the ashestos of commerce. Only reiatively small amoune
of crucidolite and amosite are uscd in cumpari~on tu the quantn
of chr_\ ~otile.

The principal =ource of chrysutile is the Thetford regivn o Cane
ada. about forty-five milo s south of Quebee. The United States deees
not rank high a# a producer of asbe~tos, the domestic outpat bhong
les> than three per cent of the mmount veed in 1= asbestos mane-
facturing industries (1. N« aszbestis i mined in Pennsylvania,
although amull amount- have been fonnd in serpentine quarties
from time to time. N attempt has ever been made te separste the
ashestos from the serpentine in theee guarries. Arizona asd Ver.
mont supply the bulh of asbestor mined m this countra.
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In the Canadian deposits the chryaatile is found in vein- from
one-cighth inch to ~in inche~ in length. occurring az band- in the
serpentine roch. The miners? i generidhy a dark to blacki-hi-green
lustrous color, although when the filers are separated into fine
filaments, they are white, The fihere are very fine, silky. soft,
greasy and shppery 1o the touch. They cannot be separated inte
a singiv fiber hhe cotten or woul,

Chemically, chrysotile 12 a hydrated silicate of magnesium with
smal! amount~ of uxides of wron and aluminum. There are many
published analyse~ of chrysatile from the Thetford region. and
thev appear to vary but hittle. Table I gives eight typical analyvse:
of chrysatile (93), The silica shown in the analvses in Table 1
does not exi-t a~ free silica. It iz chemically combined with the
bases in a complex molecule.  Samples of dust collected in the
workers' breathing zone with the electric precipitator (30, were
analyvzed 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 consist: of the
hand-separated and -selected material essentiallv 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 who:e length
is 33 inch and longer; Crude No. 2 ranges in length from 3. inch
up to 3; inch. Mill fiber includes all fibers less than 3, inch in
length.

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

DescrirtTiox oF PrOCESs

Preparation—Crude fiber as received from the mines has under-
gone no treatment other than hand-hammering to remove the rock
from the fiber, after which it is sorted and ~creened. It is received
at the plant in burlap bags. each containing onc hundred pound-.
The fibers must first be separated and loosened to remove ruck par-

ticles. This operation is done in what is known to the industry as-

a “preparing room."” A number of baps, sufficiént for une batch.
are opened and dumped on the fluor of the preparing roum. The
fiber is fed inte rim-wheel crushers and crushed for about fifteen
minutes. These crushers have twu heavy rollers attached to 2
radial axle, and revolve on a smooth surface on which the a~beztee
is placed. After the fibers have been crushed and luosened sufh-
ciently, 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 asbeztos is discharged onta
a rectangular shaker screen where small pieces of stone. foreign
material, and some of the dust are removed. The asbestos is lifted
from the screen by air suction and conveyed to storage bins. It is
then ready for mixing with cotton.

* Frrographic apaly - of sampher were conducted by Dr. 4. E Gallowsy, of the lndustris)

Bygirne Laboratery, Peroasylvanis D!pll abor and Industry.
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Mill fiber, becauxc of the mechanical crushing and sepzration
given it at the mine, docs not require the preliminary processmncan
the rim-wheel crushers as does the crude fiber. Tl mun fiber -
fed directly into the Saco-Lowell upener, and from then i i gl
the same treatment as the crude fiber,

Aszbestos fibers when examined microscopicalls &+ nel oo
the rough imbricated surface: of cther fibers such a: woo!  Thev
resembic fine polished metal rods, free frem ans serrated surizees
Thi: charscteristic explain: the extreme difaculiy encourntered
attempting to #pin a thread of pure asbe-tos. A ceriain amuaunt
of cottun mu-~t be added a- a binder for spinning.  The amoun:
added depends on the type of fiber and the use for which the fini-hed
product 1~ intended. Table I1 shows the average amount of asbes-
tos used in the manuiacture of products made in the jour plants
included in this survey.

TAKL} 11~ PERCLNTAGES OF AMMISTOs IN VAKOUS ASBESTus PROLCCTS *

Matcrial Pl;.'-r! PJ:‘:J Pu(:::.-x ;Pl:'.' :
Hruht bolog (WOFeL. cocwvmmceao. P 1) .. TO-3I T8
—;:x:unin: LMD i mmm e mmm e [ - Ixg &0 —
) Antestis glelD i r e e P —— ] | ¥ — Bl i
Commuscial grade Fark e - at - e B
Gov't. speci{ yaro and cloth .. ————a—es - % -— -
Asbrstos rope And WOk oo aienaes [ &) 8 - » -
Yarn and cloth, Tnderwriters Spetc, cmemncaees -— &85 - —
AsLestor cements - - o™ -
Brake lining (moided) - - -] -
Athettos Daper - . - P ’
57, InAFDesiA fDSWINLION o e L. - e — 1%
Asbestoy shingh: And JUDBET eeeooaeool. . - - o -

* Compiled from information supplim! by the mantlecture?d.

Mixing—Weighed quantities of asbestos and cotton. and usually
=ome small amounts of card wastce, are dumped in alternate lavers
in a pile on the floor of the mixing room directly in front af the
mixing picker. The batch is shoveled into the picker. which 1s
equipped with revolving beaters. In order to secure thorough mix-
ing. the batch is run through the same picker twice, or through
two pickers arranged in seriez. The mixture is removed by suction
to the storage bins to await carding.

Carding—Carding is necessary to remove the remaining small
bits of rock, and to comb the fibers into a more or less parallel con-
dition so that they may be spun. A card i a machine with a series
of revolving cvlinders covered with strips of leather, wound di-
agonally, and fitted with fine. close-set, sharp steel bristles. A card-
ing unit. as used in asbestos plants, usually consists of two cards.
the breaker and the finisher. The mixture of asbestos and cotton
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is wheeled in hand trucks from the storaze bin:, and fed n har?
into the feed hopper of the Tovahor card Tt §e pazaed aver the re.
volving cvlinder~ of the breaker card. emerging in the form of «
loose blanketr or wel T‘u divectun, of flrav iz then Ch.‘ﬂ‘.‘:""!
through ninety degrees. 1t nont pas~c~ over a camel-back inta 1t
fini-her card. The filwr i <tripoed from the last evlmeder of the
fini-her ontn a moving leather aprom where a cct of reciprocating
scrapers or rubbiers condenses itmto loose rasing. or “slivers” of
unspun varn. These mvings arc wound on long Jack spools to be
taken to the spinning department

The rovings at the extreme end- of the cards cannot be uszed for
spinning purposes hecau~e of their lack of uniiorm thickness, Theze
are gathered up as card waste. and, together with waste from eyh.
sequent operations, returned o the preparing rodam where the waste
i1s shredded and added o Later batches,

Some card- arc designed <« that a fine cntton thread mav he in-
corporated into the rovings a- they are doffed from the card. This
practice vield= a stronger roving.

In the manufacture of ashestos rope and wick. only one card i:
used. The rope and wick rovings. which are nat subzequently spur,
are thicker than varn rovings. Hence. one carding operating i= suf.
ficient. Gencrally a fiber of sharter staple than that vsed in textile
manufacture iz used far making rope and wick.

Spinning—The unspun rovings. as they are dofied from the card
necessarily have no twist and therefore little tensile strength. Iy
is pecessarv to twist or spin these rovings to impart the dezired
strength. This spinning may be dane either on ring spinning frames
or on a machine called a mule. In the plants included in thi~ srudy
all the spinning was done by the latter method. Several of the
plants had spinning frames. hut thev were not in operation.

The mules had from two hundred and sixty to pozsibly five hun-
dred and fiftv spindles mounted in a straight line on a carriage
which is made to move forward and backward. The Jack sposoic
from the cards are mounted on the mule and the endz of the rovines
fastened to the spindles.  Ac the spindle: recede from the Yack
spools (a maximum distance of about fiftv-four inches’ the rovings
are unwound. The spindles turn clowly as they recede, to give a
slight twist to the rovings. \When the spindle: have reached the,
point of greatest recezzion they are turned very rapidly. and the
varn spun. When sufficient twisting ha< bheen done. the spindie
carriage moves back agzain in the direction of the Jack spools. cau--
ing the spun varn (about fiftv-four inches) to be wound on the
spindles. The operation is then repeated until the spindle~ are
fully wound with single-plyv varn.

The duties of the mule spinner are to remove the spindles from
the mule when thev are filled. and to tie the broken ends of the
unspun rovings as the spindle- recede. This last operation requires
constant vigilence. becanse the rovings are continually breaking.

Subsequent Operations—The spindles from the mules are next
transferred to a spooling or winding machine to rewind the single-
ply yarn on other tvpes of spools. This is simply a mechanical
transfer of the yarn. ) W s
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These spools are next tiken 1o a twisting machine where tue or
three of the single-ply threads are twisted into one thread For

L e il the manufacture of brake lining or packing the varn ma: he re-
T P X ? inforced with a fine metathic wire  This additinn i~ qeeriorn? G-
3.";..*35& Vs '_ o ing the twisting operation  The twisted varn i+ finally waund nn

paper spuuls about six inches long.

The twisted yarn may be =old a- such to other manufa-turer. ar
it may be waven ante cloth @ape, or brake lining. or brojicd i the
same plant.

Weaving—\Wecaving i+ done on looms in a similar manner t. the
method emplned in weaving woul. cottor or <k In the weaiing
of asbestos tape intended dor electrical ineulation single-ply varn
with a very low cotton content i~ used. Most tape loom- are com-
structed =0 that a» many as twelve pieces may be woven at the
same time. It is the usuai practice in weaving ashestos tape 10 wet
the bobbin: or “cop:™ with water before weaving. The warp ic
kept dry.

Cluth is woven in muck the same way a< insulzting tape. Tw..-
or three-ply yvarn 1s used. Sometimes the varn is reinforced with
metallic wires, generally brass or copper.  Either or Ll the wory
and fill are dry or moistened with water. depending on the use ior
which the cloth is intended.

Brake lining i= woven on looms in the same manner a~ taze Az
many as eight picces may be woven on one luom at the samd tire
It may be woven drv or wet. or with the warp impregnates! vitk a
“dope” solution. This solutivn is generally a suspen~ion of gil~nie
in gasoline to which other ingredients may be added.

Final operations in the manufacture of woven textiles consizt of
calendering. inspecting and winding of the product<. These opera-
tions are all mechanical ones. and require no description.

Gasket Making—One of the important uses of ashesto« cloth s
in the manufacture of ring gaskets. In this process. the a<hestos
cloth i« spread on the fluor and impregnated with a solution of rub-
ber in gasoline, to which has been added baryvtes and other pmp-
ments, The rubber-treated asbestas cloth i~ cut into strips of pre-
determined size, and the gaskets formed by hand. They are then
coated with soapstone. calendered and packed fur shipment, An
inexpensive ga-ket and packing iz made by twisting thick rovinge-
into ashestos wick and rope. Still other types of packing~ are madec
by braiding ashestos varn on specially designed machines. .

OTHER PROCESSES

Other products containing asbestos are made in some of the plant:
included in thix survey. The-t products include ashesto~ paper. in-
sulation for steam pipes, ashestoz cements, shingle<, lumber, molded

: brake lining, and could mulded asbestus articles, generally electrical

) fittings and household appliances. The fiber used fur thesc purpose~
is of short staple. The percentages of asbestur used in these ar-
ticles is indicated in Table 1l.

"
. - |
: g 0 f DR it D [
' e \ : R - AAS Y
FER R vk
[ %_‘7 . a - - o
~ et S0 PILED
My T e 1 - o3 ‘
81T BRI R UL —
g - ol - — - - —
7 \ . o — —
R _ ] - - —————
T T
_ - sk | BB 0005326 |
Ly .-—‘m,{_:: s Mnaasr 2 ek A ;_F'M&*:‘,'Q::* Bys SORFLC S o ot o i e s e o 1
-L‘k*‘f- ST e s Ly : . e Taed e u‘\:-"...e o
T e L, - i - «.
s - 5 - ,,.,: gt e oy T, &Q,'E bRy A P b
St Rt ad 3 g v ¥ : M T A, i T e &3 " o .
- ..-» T3 Ciekiiiary 1
&f“, m 3 - D _‘E - - W .....,.,‘gm g Folife. -ﬂ" grs 3 e
‘.‘&,3 " = b Uil ,,‘ * A o PR ."‘ - e iy )?‘ ~, e e
— B \:";"35 #5% U0 TR St S P ol - o T AT 4" b
s e b L e A, T gl - AT ) o M
‘-p ”= " Ly "1‘“:._, i ) - _3_'__;_\“‘ pare- e Yy, e .




N l,u.. ;w'_\. A e
T

Pakricia S DrzrpviNaTioN

Cooke and HIlD (2200 in astensdes of asbestos worners. b
found particle- in the Jungs mer-nring up e three hundee? and
sinty micron- 11 length Veeor T oy an the determinngi o o7 b
average particle size of asbo-tos dost all fibers, drrespecisee o
lengil, were mea-ury !

Methods of Particle Size Determination—Witlin recent vea--
three generid methads hgoe been ueed 100 mez-uring the wize o
particles  One method, & direct e, involic- the u-e of the filnr
micrumeter inserted inoa micrecope tube, measurements b
made by meving the micrometer iliu-tment and reading the vernier
to determine the diameter of the particles

The second method, an indir.ct ane. wa- introduced In Grees,
(351 1o determine the sire of pant and rubler picmonis 10 ha-
since been applicd to the mea-urement of the averawe -ize of in-
dusztrial dusts.  In this method, an indirect onel plotomsicrorsa b-
of the sample are made on lantere <hde-, which are thon prode cied
by a sterenpticar on @ screen 4t i known maznification. The
irnages are measured and the averace cize calculated irom these
readings.

With the third metiiond. the du-t i~ collected on a micro~cope
slide, and the imagis prodecied on a ground-glass coreen wit? o
micro-projectiom apparitu-. ol mea-urements made.  Th's latier
methad is the one nzed in the present study. and will he deserited
more fullv in a later paragraph.

Nature of Asbestos Dust-~The du<t encountered in achestns fah-
ricating plants i: non-uniform in nature. Tt ic seen to conzist of
three tyvpes: particles more or less spherical in shape: elemzarcd
fiber<: and cotton fibers. Figure 115 a phatomicrograph «f dust pro-

FROM AN ASBESTOS FABRICATI
PLANT. MAGNIFICATION 600 DIAMETE

5

FIGURE  PHOTOMICROGRAPH OF nuig,\ \ AT i
L
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duced when processing mill fiber. The three types can be readily
noted.

Becausce of the non-uniformity of this type of dust, average par-
ticle size was determined in two dimensons, one at right angl«: to
the other. Meazuremente were made of the longr:t diametrrs,
which were termed longitudinal diameters, and a second set of
measurements wers made at right angles to the first, which were
termed trancsverse diameters.

Method of Collection—Samplez for the determination of particle
size were collected by the use of the electric precipitator (30, This
method yvielded sample: that were satisfactory for direct micro -
projection and measurement. No intermediate steps for preparing
the sample were necessary.

The precipitator employed was designed on the principle of the
Cotirell precipitator. The air was drawn through the precipitating
tube by 2 small rotary fan driven by a motor, the rate of flow being
meacured by a flowmeter. The rate of sampling was one cubic font
(283 liters) per minute. The precipitating tube was made of Pyrex
glass with an inside diameter of 24 ecm. A number 1 microscrpe
cover slip. 22 by 70 mm. in size was placed in the precipitating tube
directly beneath the central electrode. The dust in the air was
deposited electrically on this cover slip. When a representative
sample had been precipitated. the cover glass war removed znd
mounted dry on a microscope slide. A total of sixteen samnies 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. & mm. and 2 mm., and a 10x compensating evepiece were
emploved. This svstem practically eliminated color fringes, gave a
flat field. furnished maximum light intensity, and permitted the
measurement of the long fibers.

The images were projected on a ground-glass screen at a pre-
determined distance from the microscope. This screen was ruled
in centimeter squares to facilitate measzuring. A transparent rule
was used. and the size of the projected images recorded in milli-
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 sleeve. ’

Predetermined magnifications of 2000 and 10,000 were used. de-
pending on the objective. Measurements were made according to
the method suggested bv H. L. Green (36). Using the & mnr oh-
jective (magnification 20000 the Jongest diameters of two hundrad
particles were measured. all lengths less than ten millimeterz (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-

f ber of fields examined was recorded. These measurements were
! used to calculate the average longitudinal diameter of the sample.
The method of calculation is shown in Table III. For the calcula-

: tion of the average transverse diameter the same procedure was
- 10 c
D S T I vAt
.o . R S MI SR B S 43 E(J \ )
A S T = L e W A B T
¥ TP SR I RS DT (L G -,
L' HU? bWldwviim i G\Uﬂvl Frariloo JEp— T
B L TR e ot s s s 4 s MR SRRl s g
' 2 ";3; - Sp— --""'“'_
o e > K gt S

nhnu-'-\_




d":‘:‘-“‘ Ty ‘;'”'H ‘-"‘e(:t??'é Ln'::-"-""::"s"rc{?n ";:S:I’.r"u*.ﬂ" _-f;‘y_:, i L

—. P 0 = T a? : : Y
T s - ke - Pm

TAHKL}

e T T TR e SRR R R A R
N

- ENAMYLE

i p—

w 3;.’\’;-"ﬁ

antbes

followed. with measurements being made at right angle- 1o the
Jonge<t diameters.

G METHOI Usir IN THE CALCULATION OF
AVEREANGE LNy TUEDINAY IRAMLTEK

o mmma o e o = .

Mrapnificutiop— 3w, 13" Fukis ! Marnificatiom=1n tos 1N Felts *
mix v 1. f: % r mn.. (5 1 e
10 L 4] : . oot 113
12 6.0 T 4 (O | o i
12 .o . 5 " X 1.
1 T ¢ . o> : “ g
15 .5 12 T [ 4 [T
i€ FX 1 . - ¥ s
17 . r ] ] [ 3} LR
1= [ » " P h = 2~
" .0 » 1 1.2 4 4%
=1 . 1 T e 1 1
&0 nue E 1 1x M 1%
& 1.5 4 - Ry T Tyve
N 12 1 i a0 8 4
rad 120 1. rd s - ‘L
*n b F- %0 1 Bl s H a2l
o T 1 3 L2 4 ) IIRD
* 4.5 1 " 'y 1 L
A 15.¢ & 45 4" 1 P
b =3 16.U 1 - ————— _—— ——— - —
47 b it ¢ Tutnl bl Wi o
b St ] - = e e e =
L-r) 1s.7 ]
bl 9.4 ? nin. Levptes of bung §i ncho e
X 1%L K
40 0.0 ) EI 0 = Length of partak it nee rat-
@ £1.6 1 3 '
[ 2.5 1 I 1 = Freyuémny
1.'- -5 3 . :
: £3.5 1! - NER X
50 5.0 4 fy = ——
55 n.5 5 ! ' 155 X 1o
[ 1] %.0 [ - . Fivt ~ i.xv
® 8.5 1, e 3.0442.  Average Diamo-tsr = — N
[ ar.s 5 Bl 5.8wa ! o~ FOL L
c =3 1 131> TRy - w) LT
7 23,0 € uior 6.1 N .
7% 5.5 I T 1 1.8 = 1T mmeTorm s, :
S 8.5 * LOR30 Lo Loy ' £ .
4 .0 * | oo XA AT
£ s ) L0ean s G '
%5 5.5 1 ees . LE R
300 5.0 b | LN 165750 &
nn 5.0 [ I 13 T ey
1% i 1w 1.4
130 R 4 A3 E.G1ue. -
pLd .0 T SO 4.6 \
180 0.0 s Kook R - -
170 &5.0 1 K< .87
175 £7.5 1 N ] 2. 9w,
LU w.r ] KN & A
= 1000 1 Ni<cAhe 3.1
no 105.0 1 ey 2 g
2 15 @ 1 R o et 3 =
240 100 X O 11. .90
5 1408 3 NN 4.0
0 165.0 ) I N X 54T
e 1K.0 1! L8315 6. 13800 .
Total xn 6 Exavr . 1740100 .

Results—-Particle size determination: were made on samples of
the dust collected at various stages in the process of manuracture
but no appreciable variation was found. However. there was a
marked difference in the average particle diameter of the dust from
the two general grades of asbestos fiber. The calculated longi-
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tudinal diameter of the dust from crode iber was< found . b 232
micran~, while that of mill Alwr wa- V.35 micron-. Tran- o
diameters were (0% nucrons and 043 micruns for eraele vt 0 M
fiber respectively. The longest fiber ohserved mu-ur.—., fowrr hivin-
dred and two microns,

‘The pereentage dfrequencies of the various-sized partich - wer
determined for Jongiiudinal and triasceverse dimen~ions, Figurne 2
shuws these values plotted on Hazen's logarithmic prolldeln:
Paper. )

The difference in the two types of dust i~ further shown by ex-
amination of Table IV, Three per cent of the crude fiber du-t was:
ten micruns or more in length while oniy 177 oi the mill fiber
dust occurred within these limits. Twenty per cont of the mil! £ler
dust was 0.3 microns or lesz i length, while only 1077 of the crude
fiber du=t {ell within this range.

TARLE IV KIZE FREQULNGY DISTRIFUTION GF AskESTos DUST
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u.2 —— 1.5 J—

______ . . 2.5 ——— 1.6 I

v c——— 2.0 .

E X —— *0 m—

5.0 and over 4.0 1.2 5.0 L

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, & P, ethyl alcw-
hol as the collecting medium. Dust counts were made according te
the method described in Part 1 of this report 1415, All particle~
were counted regardless of size. Particles less than ten nucrons in
greatest diameter averaged approximately ninety-seven per cent of
the total. The dust counts for the dificrent operations are shown
in Table V.
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TABLE V. AUNMARY OF DURT CONCENTRATIINA [N ARRERTOA FARRICATING PLANTA

Department

Uecupation

Preprralion

t'arding

Wesving

Winding (Apooling)
Twieting

Warping -
e —————

;lugu- antl Wirk
;{!:;: tineket

tirslding

P R

Feeding Raco—Lawell Upener—Crude Flber ...

Preding Mizing Picher- Orinde Fiher __ .. ..
Fomditng Maes  Lawell Oipener - MU Fiber
Ferdiug Mixing Meker—MIN Flbwe
Ferling Nereenings Into Shahker |
Magging RerechIngm oo onicannas

'Trmllnl vard {rude Flher ooool....

Trislloe Card- MID Fiber o eaeceen
Repaiting weh al hack of Card-- M Fiber
Clemrdug Carsl roslin thy hant camld} ...
Cnrdleg wick flow gracde mivy

Wearing
Weaving

Wearing fosuluting Tape (wet warp--wet filh |

Weaving Urake lining (dry warp dry flh
Wrenring lieaks lIntng teley warp wel Wb

Wensing Virake NMning (wel warp -wet Y ..
Wenving Cloilh ey warp -oley M0 . L ..
off

Wenvrlug Vlatle ey warp ober Ail) Fa
Ulendng  loannn -

Mpluning -Cruda fher yarn {high gradey L
Kplimteg— ML Aber yart (medln gradel

Hplenteng <Ml Ater yarn {low gradet

Winding— sfngle-ply yam .. .- R
Winding—{wnply yFarn _.... Ce e

Wimnling - three-ply yarn ..., s eee s

‘Winding wargt on warp beams

—_——— - CaARe—- . . B -—

Forniing rope aml whed .

Foarmlog ring gaskrin ... ...
firnlding § {neh parking .
lrsbllug ¢ Yty packing . -
Hradding § lueh Inhing .. ...
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was made from crude No. ! fiber. In plant D, when the lowest grade
mix wae fed into the picker. the concentration was 84.7.

Carding—The marked diffcrence in the total dust count in the
carding oprration as the result of using difierent grade- of ashestos
will again be seen. When the crude fiber mixture is being carded
for the manunfacture of electrical inzulating tape, a concentration of
1.1 wa: noted. The mixture for cheaper grades of yarn, such as
that used for weaving brake lining, is generally made irom mill
fiber. The concentrations of the dust when mill fiber was being
carded were 23.4, 243, 29.8, and 80.0. The samples were callected
in card rooms of various plants.

Occasionally the loose web of asbestos and cotton. as it emerges
from the breaker card and pa-<e: over the camel-back. becomes
broken. It is then the duty of the operator to gu to the rear of
the card and repair the broken web. the task requiring approxi-
mately one-hali hour per day. It was found in one plant that the
emplovee was exposed to a concentration of 57.5 during this time,
while during the remainder of the dav 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 a brush covered with strips of card cloth. The cylinders
are slowly turned by hand at the same time. The dust concentra-
tion during this operation was 5.5. Sometimes the rolls are cleaned
while they are being turned at the customary carding speed. The
employes stated that this was a very dusty operation. but it wac
impossible to obtain samples during this procedure.

Weaving—The concentration of dust in weaving is dependent on
many factors. but principally 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 69
was associated with the weaving of tape (made from crude fiber).
In the weaving of brake lining made from mill fiber. the count was
27.1. In both of these operations the warp was dry and the fill wet.

As pointed out in the description of the weaving process (pace &),
weaving may be done either with the varn drv or moistened with
water. The presence of moisture materially decreases the con-
centration of the dust. For example, in the wet weaving of brake
hining 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. TIn thic plant. ordinary electric fans were located just back of
the weavers, so that dust generated in the process would be blown
away from the worker's breathing zome. When the fans were
operating the concentration of dust in drv weaving of cloth forty
inches wide was 9.9. When the fans were turned off. the figure
rose to 33.3.

. ¢ fourth factor, nature of the finished product, also influences
the ~degree of dusticess. Thus, the average concentration en-
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countered in weaving in-slatunz taps was 10.5; that of ¢laah. 25 3
and of brakc lining. 23.0 -

The looms in time accumulate a great deal of lint. This s re-
moved periodicaliy qgeneralls once & weeks Ty heatrnr the bu e
with a flexible rubder paddic. Each weaver clean- his vwn loon,
the time required hemg approzimately one Ladf Loars per week
During this operation the dust concentratia was 741

Spinning—The concentration of dust in the mule spinning ro.am
depend: on the type of asbestos fiber used in the making of the
varn. A count of 2.1 existed during the spinning af varn meade
from crude fiber for the weaving of in<ulating tape A varn made
from a high grade of mill fiber preaduced 2 concentration of 3.3, The
dust az:ociated with the spinning of commercial grade varn. the
cheapest grade made, was foens? to be 13.2. These figures are for
the mule spinning in plant B. In plant A the average concentration
to which the mule spinner: were exprred was 230 In this plan:
all operations from preparing to weaving were carried on in the
same room. Consequently. jt iz impo=-sible to state that this con-
centration iz due to mule spinning alone.

Other Operations—The minor mechanical operatiun~ necessary iy
the production of asbestos textiles have relatively small concenten
tions of dust associated with them. In the winding operation in
plant A this was found to be 80. Again. this number cannat all be
aseribed to winding becaus¢ of the fact that all operanons were
performed in the same room. In plant B, in the twizting rum, 4
figure of 2.4 was found associated with twisting twoe-ply varn. Thi-
fi;ure increazed to 4.0 when yarn was twisted three-ply.

Warping is a mechanical tranzsfer of the twisted varn t laruoe
spoul> or warp beams for the looms. It gives rize 10 very hitie
dust. the concentration being 1.0

Dust ConcextratiONS 1N OTHER PROCESSES

In addition to the fabrication of asbesto-r textiles, one of the
plants manufactured other products in which the amount of asheszto-
was considerably less than the amount wvsed in textiles. Theze
products included 857% magnesia inzulation. molded brake lining,
asbestos cements. shingles, lumber. and tile. One plant made as-
bestos paper which contains ninetyv-five per cent of short-staple nr'l}
fiber. Determinations of the dust concentrations were ma e at
some of these operations. The re<ulte are shown in Table VTT

OtrER POTENTIAL HAZARD:

This survey was concerned only with the hazard caused by ashbes-
tos dust, but other material: that must he considered a: potential
hazards were found. Theze material: are gasoline and benzol in the
gasket and molded brake lining departments, tale dust in the gasket
room, and lead compound- in the rubber mixing department  In
the finishing asbestos lumber and tile, additional potential hazards
are lacquer solvents and sand from the grinding and polishing 0{‘»-
erations. \ A“’ ‘
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" BFSTOSIS—PART 111-—Tke Efects of Exp.sii. to Dust
‘kncountered in Asbestos Fabricating = ~* eon the .dealth
of 2 Group of Worl:

¢ pdet phycical examinations were @ T a w07 - - persons
vAY men, Feowomen) emploe! arthe LI IS hsted in
Part 11 of this report. OF tha: number <o peer oL L previous
enp Tt were used s contre! S T . L. Te WRE TE-

crict o those emploved in o tesnio w0 tare T~ warkers
S st emploayed were ehosen hocnrar e aebe including
a ~wo et number from this rrom o e o e 0 At 0 onowas aley

ol L b group with expreuros ar 2t e bame L and e tbe
.. " uperatiem at which ahe o ..+ wd. Table
AT Wheas otheir age distributeon
s Bl VI DISTRUBETION RY s oo Tok . MINED
Nupdet o )
tele e Forenre —~ .- ——
Faamue
Uietr 0 PO i A o oy
L TR ST emonmammnn b ? } X
A e 7] : ' . 1
- b ik e seaanemmm=s L A 3 4
Totr, . 4 ¥ : 4 L
A L stosis was found in fonrteer " oaten. 2 wumen),

or 2% per cent of the exposed grovy. ° . vy =+ were diagnosed

as negative and the remaining threo quubtiui €3 he latter group.
ane irdividual had previous expesure  =lica wu-t which may have

been the primary or contributing ca-  and. o+ 7 result, has been
hwinated from any further counside . vm- U7, cases having as-
Tearomas were divided inte these Hoa, = -~.d moderate pul-
monary fibrosis. no advanced case v - sund. The esti-

mation of the degree of involvinent 0 sur * .1« the amount and
eatent of fibrosis seen roentgenalog. . 'in . V7 the clinical find-
ings,

The present, past. and family meral. and o fous occupational
histories were secured from cach vorher -0y questions, which
might influence the individua!™s rephics in rerrs 10 his subjective
svmptoms, were avoided in obta aive el 7 o rplaints, The pre-
dominating subjective symptom: ot aecriv group were cough
and dvspnea. Other major subi ' 0 voves ms were dry throat

and frequent cold~. One individe. : + . had no subjective
symptoms,
8
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TABLE VI]. DUsST CONCEXTRATIONY OF MIS FLLANEOUS OPERATION. IN AN
ARBFETON PLAMNY

Cooren

trativl =

Iwpartment Number Miit:one of
OUperation of PaTijeles

Bampies et pobie

+ Yoot of Air

T maase
1.4
24

%2
16.6-%.3
.12

4.5

LT
SHm 4
F
1513
1.%
E.4-10.1
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Objectively, the major symptoms were again cough and dyspnea
Thirteen persons of those diagnosed positive for asheztocts com.
plained of cough. and cight of dyepnea. Other frequenihy elicited
objective symptumz were frequent colds, palpatation. weakness,
precordial pain, and pharyngeal dryness. No objective symptoms
could be obtained frem onc individual in the positive groug.

Occurrence of acute respiratory infections was particulasiv ob
served in the past medical history. Frequent coryza or other upper
air-passage intection: which dird not result in a loss of time of three
or more working davs., were licstedd az objective svmptoms. Preu-
monia during the course of employvment occurred in three of the
positive and =even oi the negative group. The past medical his.
tories were otherwise negative except for an attack oi pleurisy in
ont individual of the exposed group diagnnsed as negative,

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

Physical examinations were made with the workers stripped to
the waist. Mean variatiun- in the present and greatest weighs were
less in the asbestosis group than in the group diagmosed a: nega-
tive and in the contrale.  Five-minute oral temperatures showed
a maximum elevation of 0.5°C. Four persons having ashestosis had
an elevation of temperature and eleven in the negative group shrwed
it. Elevation of body temnperature in the control group wa- ah:ent.
The mucous membranes of the nose 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 common. and dizeased tonsils
were noted in a few cases. The external auditory canal:. did not
show evidence of plugging or irritation.

Clinical examination of the thorax included inspection. palpation,
percussion. and auscultation of the heart and lungs. A tendency to
increased anterior-posterior diameters of the chest in the positive
exposed group was noted. In the positive group the respiratory
murmur and vocal resonance were impaired in five cases, Crepitant.
subcrepitant, sibilant, and sonorous rales occurred in nine of the
ashestosis cases, the two latter tvpes being predominant.

The recognition of cyanosis presented a difficult problem. When
it occurred the skin had an unhecalthy leaden hue. 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
fluornscopic examination, stereozcopic anterior-posterior and oh'.ue
skiagrams of the chest. Tn addition to noting gross chest pathalogy.
the movement of the diaphragm was measured in centimeter- dur-
ing the fluoroscopic examination. Right and left oblique exposures
of the chest aided in the interpretation of the films and particularly
in the detection of thickened pleura  The hila. trunk. and lung
markings of the fibrotic lungs were increased in prominence. In
some films the lung field: showed a slight tendency toward beading
and nodulation. A small area in the distal third of the Jung in one
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film sugpested atelectasiz. Increa-cd acration. such ac one seec in
emphyzema, occurred in a few easze-. Thickened pleura and ad-
hestuiis were noted in a2 few enses The average menement of the
domes of the diaphragm of the positive groae was les~ than tha:
of the negative exposed or comtrad group- Threo of the positiv
and twe of the pegavve group werd jound with roenigondogies’
eviderce of healed tubnronbosi-. TFurther evidence of pulninnary
disea~c in four of the positive grouy was clubhmg of the fingors

The occurrence of ashestas bindis~ and the pre-ence of B tuhercn-
lusiz were detcrmined in a single specimen of sputum ohtained from
each perzon. Each employe was instricted in the proper methed of
obraining the aputun:  specimen. and  was reguested o collerr 2
morning sample. An cqual volume of antiformin was added o
each sample. After comjplete dicestivm of the mucus, the mixtare
was centrifuged for three minutes at.ap;soximately 2000 ¢ poom
and the supernatant liquid decanted  Diztilied water was added 1o
the solid centrifuged portion. and the mixtare recentrifugzed jor
three minutes. A drop of the deposit was transferred tv a micre
scope shde.and examined for the prezence of asbeztos hordics under
both 8 mm. and 4 mm. objectives.

FIGURE 3 PHOTOMICROGRAPH OF
ASBESTOS BODY MAGHNIFICATION 600
DIAMETERS

The greater percentage of sputum specimens were of a winu-b
color, but a few were muco-purulent. The asbestos bodies were a
pale vellowizh brown color and varied in size, shape, and number
The largest asbestos body found measured 117 micrenz i lengith
The bodies occurred singly, clumped, and as fragments.  When
present singly or in clumps, they presented a bead-like appearance
or a dumh-bell shape, with bulbous ends tapering into a narrow
strand at a position midway between the ends. Figure 3 is a phot-
micrograph of a single asbestos hudy. In ane specimen an average
of two or three ashestos bodies or fragme  of bodies were =een in
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cach low-penv er field. while in others, only one of two hodie. were
2.

found in the entire specimen. Table IN gives the occurrence of
asheston beouhies in g single specimen from each person. Merewether
(741 reports that the presence of ashestos bodies cannot be taken
at present as indicating anytbig more than previeus expoeure to
asbestos dost. Thes i in accord with our finding- dor it will be
nated that thes were found dna specimen vhtamed froom one of the
controls whe at the time wa- suffering from an acute hromchitis,
productive of a muci-purulent sputum.  This worker had heen em-
pleyed a- a pacher fureman in the magne-ia department for fifty
vears. His unly expoeure to ashestos dust was a rare visit t¢ other
parts of the plant
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A single sputum specimen obtained from each individual was
stained and examined ifor the presence of B. tuberculosis. Both
direct smears and centrifuged antiiorminized specimens were found
to be negative, .

Clinical examination of the heart showed the apical impuls¢ to
be displaced in a few cases. Apical svstolic murmurs were heard in
five of the positive and two of the negative groups. The biud
prescure wa: determined with a standard mercury sphygmonan -
meter. Hypertencion, although present in a few ca-c~ in each
group, occurred only in the older workers. Roentgenological evi-
dence of enlargement of the heart was not found. However. the
cardiac silhouette in two individuals having asbestusiz was- found
to be top normal in size,

Electrocardiograms of fifty-six of the workers were made follow-
ing a thirty-minute rest period during which the subject was in a
reclining position. while eight were taken with the subject in a =i
ting position following a short rest period. The most cansistently
positive electro-cardiographic finding in the enti  group was low
voltage. It was found to be present in seven o1 the positive and
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eighteen of the negative groups. compared with four of the con-
trol~.  Right predominance was not present in the tracinges of the
control group. but did occur in twoe tracing~ of individuals with
ashestusis and three of the negatine group Left predominance was
meost frequently found in the tracing~ of individuals in the ad-
vanced age group~. Katz and Slater {021 fuund eighty-six per cent
of individuals with a second positive wave of the Q-R-X complex 1.
have changes in the heart mu=cle. Qur findings show that six of
the expused group had a second positive wave of the (-R-5 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 tracing= of two expused per-
sons found to be negative. ‘

A functional test of the individual's responze to effort was per-
formed by having him place one fuot on a chair and then raise hiz
body twenty-five times in thirty seconds. The pulse rate was de-
termined immediately before and after exercise, and again at the
end of a2 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 exercizse in the ex-
posed group as compared 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.

TABLFE X. FPUNCTIONAL TERT OF RESPONEE TO FFFORT

Puisr 1 ‘ Respiration *
Grouy
Kumber Pereantage Number Fereeniag:
CONTROLS i
Mol o ricriismsmcam i rnamerenar . -— . . 2 ™
Femal oo arcasaras em st mmnm —— - e -

KEGATIVF
MAW et mcernrinacnnsneanas -3 1%.5 1% [T
PEMAM i e am v mr e s H M. ¢ -
ARBESTORIS
MAK  cemcrimiacmrsncanes v—————ane ] 6.3 & L
Femak i ecnens e . . - 1 3.t

3 Pulse rate )0 abare pormal resting rate IR0 MIDUTES EILET PX410Ir
» RespIIntors rate 2 aboie pormis) festing vate (%0 minUler siter exercise,

Asbestos warts are thought to be produced by a fiber of ashestos
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 on
the feet. Forty per cent of the exposed group had one or more ot

these papillomas on their hands. re A
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Routine bload count- and prinahy ~e- were made on eacl. individ-
ua) examined  Haciooghban was determined by the Hueden and
Hauscr codorimetnic mcthod and eapressed as gram< of haem-.
globun per W0 e of blood Smears dor differential counts were
stained with Wright's staim and 20 cells studied microecyicglly
using a 2 mn. oil nmersion objoctive Practically no change was
Gheerved in the blaod picture of the three groups. Corarable
average variations did not occur in either the ervihrocyte or leuei-
cvte count.  Jo two individuals with moderately advanced pui-
monary fibrosis, the total leucoeyte counts were 10.800 and 13400 %
with corresponding increases in the percentage~ of polymorphe- -3
nuclear Jeucoeytes. Changer in the percentage: of other type: of
white cells were not observed.

in
!

Urine specimens were cullected from each worker at the time of
physical examination.  Specific gra\m albumm content. and the
pre-ence of sugar were determined and 2 microscopic examinaim ;
made of a centrifuged portion. Urmalvses were essentially negative
except for a truce of albumin in four of the positive and thirteer of §
the negative exposed groups. a= compared with two of the contrels H

3

A brief summary of the chnica! findings of three asbestos mel!
workerz and the accompamying ilustrations (Figures 4 1o 7 i
are presented tu shuw the twoe stages of ashestosis encountered 1n
this study.

Case number A-873—\Vhite male; aged 30 years.
Chiei complainte—Cough.

Objective symprom:=—Qccazional frontal headache (2} Epistaxis rare (3} Dry
wnproductive cough (4) Coughing attacks precipitated by strenuous exer-
cise,

Past Medica! Hiztory—Usual childhood discases. Traumazic orchitis, 1934

Occupaticnal History-~Began working at 16 years of age. Milkman, 2 vears,
Mule spinner, worstod mill. 2 vears. lce man. 1 year. Mule spinncr, a--
be:ius fabricating plant, 9 vears.

Physical Examination—Apparently healthy adult male. Heigh: 62 inch.-
Weight 122 pounds (greatest weight 122 pound: ). Skin clear. No cyanas
Asbestos warts on both hands. Pulse rate biore. immediately aner, an’
twa minutes after exercise, £4, JOU, 72 Respiration rate immediaiels .
fore and two minutcs after oxcreaise, 20, 22 Chest. normal shage : per-
cussion normal; breath and voice sound: normal: sibilan: anpd - rou
rales both bases. Heart, apica) impulse, ME interspace mid-clavicular hine.
no murmurs, Blood pressure 134 @

Fluoroscopy—Diaphragmatic movement, right dome, 2.5 am.; leit dume, 1.3 cn.

X-Rav—Thoracic cage is negative.  The trachea is in the midhine. The cardiac
sithouette is within normi) himans of size. The arch of the aorta is no
widened, The domes of the diaphragm arc somewhat irregular on the lefit
side but fairly irregular on the right. The pleura appears e be slightly
thickened on the left side, and is more clearly shown in the oblique view.
In the right apex there is poseibly an old healed tuberculous process giving
the appearance of ar apical cap. The hila are increased in prominence
The trunk rarkings and linear markings are increased in prormr-\.ncr
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MIRE LA Diagnosis—Asbestosis, slight,
LU Case Number 447 White mali ; aged 47 vears

Chiei Complaints— (1} Cough: (2) Shortnesr of breath

Past Medical History—Usual childhood diseases  Gonorrhea, 1922

Occupational History—Farmer wmtil 29 yeare of age
2 years, laborer grain mill. 1 vear.
years.

Laborer stee! w -,
Preparation room ashestoe mill, 13

FIGURE 6. ELECTROCARDIOGRAFPHIC TRACING OF CASE T
NUMBER AB730 -

A
)
- ‘.u‘
- PEie
FIGURE 7. ELECTROCARDIOGRAPHIC TRACING OF CASE
NUMBER 4
Physical Examination—General appearance fair. Skin clear. Height 59 inches.
Weight 120 pounds (greatest weight 125 pounds). No clubbing of fingers.
No asbestos warts. Nail beds not cyanotic. Chest, normal shape, per-
cussion normal; respiratory murmur within normal limits; vocal resonance
wnaltered ; sibilant and sonorous rales. Heart, no apparent enlargement;
no murmurs, Pulse rate before, irnmediately after, and two mi-  :s ajter
26
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functiomal exersive 1eet. 70 118 7o Respiration rate heiore and tu no -
ute: after functicnal excr st tesr, 14 30 Dloed pressune 134 @

Flusroscopy —Diaphracmatic excursion: right dome. L7 em.; leis drme 27 on.
ke ot O X-Rav—The tharacic cage i« negamve. The trachas 3 in the mid- o= The

cardiac i w0 wtt e pormal dincss The doane - of the dian=earm
are regular  The hily and 'runh mathmps atu vefuasd g pr mien 8
The lung markengs are a's fnoreoasd in e oaneee

Electrocardrgram-——Cardiy rare 0 PR interva? 1 ceiond Vil 35
mm Low voliage of al! (O-R-¥ comploaes

Diagnosie—Ashestosis, moderate.
TADLY X7 INCIDINCE AN T REY OF ASHISTOSs WITH R LATION JC
OUCUPATION  DUST €0ve FSTEVTION AN YFARS F EXInaTRY

Dam - [ A

Avecap
Coszene Astwaton s

tra
Chvitpation M.
34
partie ~+ Years Tntn!
per b o1 Nurn ter
4

toen Ixpeware Faomeone t Negpewe Slight Moadorew Advaneas Tsathe?,

Preparers L " H . - - H Lot 2 tﬁ
.- i - :
and S 5 . . 2 . - Wl
I Eanrep _“_‘._d
Candery TR SRRV ES & 5 1 1 3 . e I
' Yoo ) 1 ) - -- U
oLver 1 1 - . . .- L
| Tots; 4 5 * € . 1 B
Nepvers [ 3 - - - - e
anut 3L ‘ - 1 .- . - -
Kp'nuers .87 1—15 ¢ n . 1 - . ’
i — o —— - S—————
T a M > - -
Aver & 2 2 .- - - - N
Total I=- 14 o ] . JU
. m m———  — — — ——— . ——— — o ——— —— —— t — = = 3
Windrrs, (oo 4 4 - . - -
—— e e _— —— —— -
T ilatrrs, [ TH ! + e - .
—_— e e e e e e e e ——— s .
Watrirr-, 44 1113 [ + 1 .. . |
e Yoo 2 1 1 . .. .
aver N L] + .- - ..
Total 4 b 4 . - t
Totals o 40 ki K . H

The principal facturs now thought to determine incidence aud
degree of the pneumonoconioses are nature and concentration o
the dust, length of exposure, and individua) susceptibility. The in-
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crdey v af ashestosre w et b 0eCUpRIGLL Co Tt
the du-toand boneth oF cvnnenro dn the fifte-sis perann o
thre =1y s mf‘u"’u i Talde X1 f'!-\'iuu-[\ the exgs rs v

areh norelative's amalt eroan Jreea- the foarpmnginr of doee el

'ﬁb:'wr‘ - cha~iemrs as to ”.(, 1 i i the e factors Nor s it P Bedm

ArRE our rrtinee toe=tat ST b manman snde e 0 0

: o 0t~ 11 the air H coover, the roauite e e et o oW
the neces<ity of o ore ettt of the ey o epemne o0 L

upcraiiens, ~town in e TT 0 this st wher thore oot

t
expeosure e hipl concentritea,.

S gy

e 1y The comcontratd o nd dies i gl dpheionsis QERETY
peads primarils on the grade of aoVmeton s ol Sher omves i 1o

higlher coneomration e crude fler Oheratives arras, :
Creasing concentration oS dustare proparing carding, wesng 5
ning. twistmge. winding, and warpine

120 The averree pomole 2dze of geaheatos duase o ane . o)
diameter-, lengiiuding! and transver-e,

(3 Petragranhic analy ~¢- of dust encoantcred in aateat §
cating plant- collected in the workers” breathing zene sh v 1t .
cominit, ne iree silica.

t4  Fourteen, or 230 of fifty-six workers emplove i o tes
tile ch;mnmrm- oi asbe-tos fabricating plants in Penn- vhania
heth clinieal and roentgenclugical evidence of ashestimis
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