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

INTRODUCTION

In 1934 the Department of J.zbor and Industry of the Common-
wezlth of Pennsyivania received 2 request for informartion reiative
to the health of workers emploved in asbestos fshnecatuny plants in
Peansylvania. The Department had nu data avaiable, 3nd 3 review
of the literature at that umme reveaied 2 sc2reity of information on
the geaeral subject of asbestos pucumokuniosis. DBeeczuse of this
lack of information, the industries in the State were consutied, and
thair cooperation was obtained 1o conduct a survey, which wouid
include 2n evaivation of the hazzrd from the stzndpoint of the da-
gree of dustiness and the physical condition of the werkess, An
agreement wis made with the empioyers and emploves that
neither would be givea specific informatien as ta the physical And-
ings of any particuiar workman. and that the onginai identit: of zll
employes in this study wouid be destoved, cse aumbers only
being recorded.  All records obtained were to become the property
of the Department of Labor and Industrr.

Asbeztosis was Arst recognized clinically by De. H. M. Murmay
(16) at the Charing Cross Hospital, London, ia 1500, Cooke (16)
in 1924 reported a case of pulmonary asbestosis. Pancoast and Pene
dergrass (83) in 1926 examined.a ETOUD Of seventeen asb-s10s work-
ex: Since then, other invesugators have reported individusl ecss<es
of asbestosis, but it was not until 1930 that Aeresreches and Price
(74} published the results of 2 study on a group of asbestos wworke
€T, together with some evaluation of the degres of exposure. anza,
McConnell, and Fehnel (66) have recenty published a prefimipars
report of 1 comprehensive survey on this subjecz. )

The industry in this State consists mainly of severai
plants engaged in the making af asbestes cloth: brake lning, in-
sulating tape, asbestos rope and wick. and aother Tiscellineouy pProc-
ucte.  According to the 1931 Pennsvivania Industriz} Dire::o:-}- (61)
there are approrimately twwo thousand persons e=gaged in the manu-
facture of asbestos products in Penosvivania

The nature of asbestos dust is such ihat many of the standard
procedures used for other dusts could not be used. anges in the
accepted standard method were requited in the collecsion. counc.
ing, and particle size determination of the dust. [n 2irt I of this
report (41) the method of collcg:non and counting of dust en-
countered in this study was described and sommarized ®
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In the Canadian- dcpcsxts the chrysotile is found in veins from
onc-c:gh:h inch {0 six inches in length, occurring as bLands in the
serpentine rock. The mineral is generally 2 dark to blacLJsD-"re*n
lustrous coior, although when the fibers are separzted into Ane
filaments, they are white, The fibers are very fine, silkT, sofs,
grasy and shippery to- the touch. 'I"nc)' canonot be separated into
a singie ber like cotton or wool.

Chemiczily, chr) sotle is 3 hydrated silicate of magmesiu= with
small amounts oi oxides of iron and aluminum. There arc many
publishcd analyses of chrysotile from the Thetiord regioz, and
they appear to vary but little. Table I gives cignt tvpical azajvses
of chrysotile (95). The silica shown in the :n.])'su in Tzble |
does not exist as free silica. It is cheanizily combined wXi the
bases in a2 compiex molecule. Sampics ot dust coilecied m the
workers' breathing zone with the elecivic precoizazer (X} were
analyzed petrographically aad were {ound 10 con=iz no {ree silica ™

The chrysotiic of commesce is clzsmified in two gezerz! grades,
depending on the length of the fibers. Crude fiber consists of the
hand-separated and -selecied matenmal essenuzlly o its nz=ve or
unfiberized form. LUH fiber incddudes all grades thas zve obtaimed by
mechanical crushing ol the rock and sub<ceucm msachznical sep-
aration oi the Gber, Crude No. 1 consists of Scer vohose ’e:zf'th
is }4 inch and Jonger; Crude No. 2 ranges in lc:,..“. Irom % inch
up to ¥ iuch. Miil fber includes all fibers less than 34 mea in
length.

The spinning quality of asbestos fiber depeands pnmzx’:lv on its
length. Consequeatly, the best grades of asbestos textiles ar= made
from the erude fiber. The shorter fibers are used in cheapes grzdes
of textiles and in the manufacrare of asbestos shingies, pape, pias-
ter, and cement. \ L.

Descrirriox ofF Procrss

Preparation—Crzde fiber as reczived {rom the mines has cader-
gone no treatment other than hand-tammering to remove e rock
from the ‘ibc‘. after which it is sorted and screened. [t is mmesived
at the piant in burizp bags, each containing one hundred sounds.
The fibers must Srst bc separated and loosened o remove rcic par-
tlc!cs. This opcr‘non is done in what is known 10 the ind=strv as
a “preparing room.” A number of bra.:z's sufficient for one batch.
are opc::cd and dumped on the floor of the prt';.:...n'- roo=. The
fiber is {ed into rim-wheel cashers and crushed for. abour Alteen
mintes. These c¢rushers have two hezvy rollems atizchad to a
r:.dial zxle, and revolve an 3 smooth suriace on which the zsbestos
is piaced. After the fibers have beea crusied and loosensd su:T-

e

dently, they are fed into the hopper of an cpener or Zherizes.
usuzl{y of the Saco-Lowell type. This operation semves to furtzer
open the fibers. From the opener, the :¢bestes is dischirged onto
L rectanguizr shaker iece2n where smzll p:ct"s of stone. ’orc"'-'x
m:tc:'*zl. and some of the dust are removed. The asbestns is Jijted
from the scre=a by air sucZion and coaveyed to stor=ge bics. It s
then ready for mixing with cotton.

-* Trrragrepase soeipies ol LIMDEY Tery connnetad We TF, 4. Y. DeDawny, of Lm ocuaMel
Hygroa Liiore(osy, sTnaapfveoia Deparideot ol Lawur sod DUy,
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Ml Aber. because of the mechanical croshing and separation
given it at the mine, docs zot reyuire the prelinnnary processing in
the rimewheel crushiers as does the crude fiber, The mill fiber is
fed directly into the Saco-lowell opencr, and from thea on is given
the same treatment as the crude fiber.

Asbestos fibers when e=mined microscopicaily do not possess
the rough imbricated surf=ces of other fibers sucn as wool. They
rescinble fine polished meni rods, iree {rom any serrated surfsces,
This charactenistic explains the extreme difficuity eacountcred in
attempting to spin a threxd of pure asbestos. A ctrtain amount
of cotton must be added as 2 binden for spinning. The amount
added depends on the type of fiber and the use {or which the finished
product ts intended. Tabie 11 shows the average amount of asbes-
tos used in the mannfzciure of products made in the four piants
included in this survey. .

TLRIY [I--PTRCLSTAGES OF JSEXSTOR I¥ YAXIOLS ASREZITOS PRODOCTI®
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Mixing—~\Weighed quantities of asbestos and cotton, and usuaily
some small amounts of card waste, are duroped in alternate layers
in 2 pile on the floor of thc‘mxmng room directly in tront'qi‘ :h.¢
mixing picker. The batch is shoveied into the picker, which is
equipped with r_c«-oiv:ng beaters. [n order ta secure thorough mix-
ing, the batch is run through the same picker twice, or througn
two pickers srranged in seres. Thae mixture is removed by sucton
to the storage bins to await carding. .

Carding—<Carding is necessary to remove the remzining small
bits of rock. and to comb the Abers inte 1 more or less paratlel con-
dition so that they may be spun. A card is 2 machine with 2 series
of revolving ovlinders covercd with sthps of leather. wound di-
agonally, and fitted with fne, close-sct. sharp steet bristles. A card-
ing vnit. as used in asbestos plants, usuaily consists of twe cards,
the brezker and the Anisher. The mixture of asbestos and cotton
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is wheeled in hand trucks fromn the storage bins. and fed by hand
tnto the feefl hopper of the bresker card. It ix passed over tlie re.
yoiving criinders of the breaker card. emerming in the form of a
loase Dbizsiet or web., The direction of flow is then chanmed
through nioety degrees. It next passes over a2 camel-hack intn the
finisher @rd.  The fibser is stripped {rom the last evlinder of the
finisher onto a moving cather apron where 3 <ot of reciprocztinee
3TapaTs or rubbers cundenses it into loose rovings or “slivers~ ot
naspon rira.  These rovings are wound on long Jack spools 10 be
taken to the spinning Jepartmient. .

The rovings at the extrome ends of the cards cannot be used for
spinning parposes because of their lack of uniform thickness, These
are gatbeed up as card waste, and. tagcther with waste from sube
sequent oparitions, returned to the preparing mom where the waste
is shredéed and added 10 later hatches.

Seme ards are designed so that a fme cotton thread mav be in-
corporated into the rovings as they are datfed from the eard. Thj
prictice rields 2 swonger roving. )

In the manofacture af zsbestos rove and wick. only one card ix
used. Tie rope and ek rovings. which are not subsenuently snun,
are thicker than yzrm rovings. Hence. one carding operation is snf-
fident. Gezcmily a fiber of siorter staple than that used in tex:iie
manuviacure is used for making rope and wick.
© Spizmizg—~The unspun rovings. as they are doffed from the cards,
Devessardy have po twist and therciore litde temsile strencth. [t
is necesmrr 10 twist or spin these rovings to impart the desired

.

- strength, This spinning may be done cither on ANE Spinning {ramex

or on 3 machine czlled a muin. Tn the plants includeri in this stndy
all the spicning was done by the latrer method. Several of the
piants hag spinning frames. but thev were not in operation,

- The majes had irom two hundred and sixtr to possibiv Sve hun-
dred and fity spindles mounted in a straight line on 2 carriame

" which is mzade to move forwvard and backward. The Jack spoais

from the cards zre mounted on the mule 2nd the ends of the rovings
fastened to the spindles. As the spindles rccede from the Jack
spools (2 maximust distance of about fitty-fonr inches) the ovings
are uowound. The smindles turn slowily ax thev recede, to mive a
slight txist to the rovings. \When the spindles have reached the
point of greatest recession they are turped very rapidlv, znd the
yam spmm. Whes sufficient twisting has been done, the spindle
c2rmage moves back amain in the direction of the Jack spools. caus-
ing the spun yarn (ahout Aftv-iour incites) (o be wound on the
spindles.  The operation is then repested until the spindles are
foilv woand with singie-plyv vam.

The daties of the mule sminner arc to remoave the spindles from
the mule =when thev arc flled. and to tie the Sroken ends of the
anspun movings is the spindles reccde. This last operztion roquites
constant vigiience, beesttse the rovings are continuvzlly breaiing.

Subseczent Operatons—The :nindles frem the mules ars nexs
t=asicrmzd 10 2 rpooling or winding machine to rewind the sinmics
Pty yarz on other types of spocis. This is simpiy a2 mecianiezl
transier of the yara.

7
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. These spools are next taken to a2 twistink machine where two or Pa
i three of the singlesply thrrads are twisted iato one thread. Fer R of Cooke and I: .
¢  the manufacrure of brake lining or packing the varn mavy be re- found mariile I ¢
-¥  inforced with 2 fine metallic wire. This addidon is performed dur- sictr n;:’ Ucles in oy
£ ing the twisting eperation. The tristed yarn is fnally wouad on ;\'cf-.zgnlcsz }“ leng
._Z paper spoois about six incies long. . lemren -ch tacle size
‘¢, The twisted yarn may be sold 23 such to other manufacturess, or [ s TOTE meTsury,
-4 1t may be woven into cioth, tape, or brake lining, or braided in the ! Methods of Dartie
/3  same plant | .th:? Senerzl methug
. icies, .
{ Weaving—1Vedving is done on looms in 3 similar manner to the i &:;C.é,,fi.wof,‘,ic’i‘t‘;:“
.! method empiored in tweaving wool. cotton or sill.. In the wesving ; made by mO\’iﬂ‘"‘lhc
- -4 of asbestos tape intended for electrical insulation, single-ply yarm ; to detcrmine the .{i;;:
23  witha very low cotton content is used.’ Most tape looms are con- § The second metho:
{ | structed so that as many s twelre picces may be woven zat the i (35) to determine th
3} ~ same time. It is the usual practice in weaving 2sbestos tape to wet { sinee been applica to
i the bobbins or “cops” with water before weaving. The warp is H dustrial dusts. Jn i
¥ kept dry: . . . J of the sample are ma
¢ ~Cloth is woven in much the same war as wsalating tape. Two- : by 2 stersopticzn or
§  or threeply yarn is used. Sometimes the vzra is reinforced with i images zre measurcy
i  mewilic wires, geaerzlly bress or conper. Either or both the warp | readings, L
% and §il 2re dry or moisteaed with water, depending on the use for i With: the third me
A which the cloth is intended. i slide, 3nd the imaze:
: . Brake lining is woven on looms in the same manner as tape. As ! micTro-projection app:
.  Tmany as eight pieces may be woven on one loom 2t the same time. ! method is the one us
: It may be woven %x}"\ or tet, or with thei warp impregnated with 2 : more fully in 2 later ¢
: “dape” solution. is =oiution is generaily 2 suspenasion of miisonite . ‘
(" in r"-’uolinc to which other ingredients maz: be added. ®  Nature of Asbestos
: TFinal operstions in the mznufacture of woren texsiles consist aof r:cmng. plants is non
% calendesing, inspecting and winding of the products. These opera- Ebm: R 'r’;" parue.cs
¥ tions are 3il mechaniczl ones, and require o description. ) €73} and cotien ade
Gasket Making—Onc of the important uses of asbestos cioth is
: in the manufactare of ring gaskets. In this process, the asbestos I
! dcloth i3 spread on the floor and imoremmated with 3 solution of rub-
ber in’ gasoline. to which has been added barvtes and other pig=
ments. The rubber-trezted 2shestos cloth is cut into strips of nre-
determined size, 3and the gaskess formed by hand. They are then
?  coated with soapstone. caiendered and packed for shipment. An
. inexpensive gasket and paciking is made by swisting thick rovings
. into ashestos wick and repe.  Still other tvpes of packings arc made
. by braiding asbestos yarm on specizily desipmed machines. :
: Craex Pzoc=szs
. Other products contzining asbestes are mads in some of the plants i
: inciuded in this survey. These products include asbestos paper, in- -
5 sulation for steam pipes, asbestos cements, sbingles, lumber, molded f
: brake lining. and cold moided asbestos ardcies, generzily electrical ;
{  fitings and houscholl :ppiiances. The fber 2scd {or these purposes !
s is of short staple. The pereentapes of asbestos used in these ar- ] moune
f ticles is indicated in Tabie IL ’ ] . PUANT.
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-jame where two or ' ~Parmicie Sizz DemmxatrnaTIoN .
-2 by . s
: } one thrt:d.beror : - Cooke and Hill (2), in autopsics of asbestos workers, have
1o Te} FAra may re= found particles in the Jungs measuring up to three hundred zand
{ = performed dur- ; pa g g ; s g
% 2aally v d o sixty microns in length. Accordingly, in the «lctcrn}m::uun of the
,.‘,_;..na.ly vound oo . averzge particie size of asbestox dust, ail fbers, irrespecrive of -
. - *

length, were measured. . .
Methods of Parucle Size Determinaden—Within recent years

3 manufacturers, or
£ or brzided in. the .

eten.
-

- thres general methods have been used for mezsuring the size of
2 particlex.  One meuthod, a direst one, involves the use of the filar
£lar manner to the : micometer inserted in 2 microscope tube, measurements beingy
& In the weaving made by moving the micrometer adjustment and reading the vernier-
a.’ singie-ply yarn

- to determine the diamcter of the particies.
The sccond method, an indirect one, was introduced by Green
(55) to determine the size of paint and rubber pigments. Tt has
since besn applied to the measurement of the averzgoe size of in-

pe looms are con-
> be woven at the
bestos tape to wet

oy

-r

1=g. The warp is dustial dosts, In this ncthod. 2n indiree: oue, photomicrorTaphs
: : of the sample are made on lantern siides, which are then nrojected
S=ne io Twoe by a stereoptican on a screem at a kmawn mazcomificatien. . The
{is reinforeed with images are measured and the average size <icuizted from these
* or both the warp rexdings,

g St - - - — b G006 e d it s b b ot S

|

=g on the use far With the third method. the dust is coilecterd on 2 microscope

) slide, and the imzges projecied on a ground—giass screen with a

mper 18 tape.  As micro-projection apparatus. and measoremrents made. This latcer

(A—, at the same time. method is the one used in the present study, and wiil be described

A Tregnated with 2 more fzlly in a later parngraph. : .
% asion of giisounite ' )

t texSies consizt of

iz2s. These opera-

=iption, :

{ asbestas cloth is

xess, the asbestos

= 2 solution of rub~

tes znd other pig-

i mto strips of nre-

d. They are then

Sov shipmeat. An

‘Zing thick rovings

: paciings are made
machines.

.
. -

P

.t

Nature of Asbestos Dusi—The dust encountrred in ashestos fab-
ncating piants is non-uniiorm in nature. Jt is scen 0 consist of
three types: particles morc or less sphericzi in shape: eiongated
Sbers; and cotton fibers: Tigure 1l is a pactomcrogrinh of dust pro-
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ducad when processing miil fiber. The three types can be_readily
noted. - . ’

Beczuse of the nun-unifonmity of this type of dust.-:gmgt pasc-
ticle size was determined in two dimensons, one at rght angies to
the other. Jlcasnrements were made of the longest diameters.
which were termed longitudinal dizameters, and a sccond set of
mezsurements were made at nght angles to the first, which were
termed. transverse diameters.

.

Method of Collection~~Samples for the determination of particle
size were collected by the use of the electric precipitztor (30). This
method elded samples that were satisfactory for direct microe
projection and mezsurerment. No iotermediste steps for preparing
the sample were necessary.

' _The precipitator emploved was desicned oa the princivle of the
Cottrell precipitator. The zir was drawn through the precipitating
tube by 2 small rotary fan driven by 2 motor, the rate of Aow being
measured by 3 flowmeter. The rate of sampling was one cubic foor
(283 liters) per minute. The precipitating tube was made of Pyrex
gizss with an inside diameter of 24 em. A number 1 microscope

- corer slip, 22 by 70 mm. in size was piaced in the precpitating tube

“direcily” beneath the cemtrzl cleczode. The dust in the zir was
degosited electrically on this cover slip. When 2 represcatative
sample had been precipitated, the cover ziass wzs removed and
mounted dry on 2 microscope slide. A total of sixteen samples was

collected at various operations, ail being taken in the breathing zone
of the workers, .

Measurement—A micro-projection apparatus with the microscope
arranged in 2 horizontal position was used. Apochromatic objec-
tives, 8 mm. and 2 mm., and 1 10x compensating evepicce were
empioved. This svstem practiczily eliminated color fringes, gave a
at field. furnished maximum light intensity, and permitted the’
mezsurement of the long fibers. .

The images were projected on 2 graund-giass sereen at 2 pre-
determined distance from the microscope. This screen was ruled
in ceatimeter squares to facilitate measuring., A transparent rule
was used. and the size of the projected images recorded in milli-
meters. Accurzte focutsing on cach individual particic before meas-
uring was accomplished by 2 remote control attached to the fine
adjustment of the microscope by 2 mechanicaj siemve.

Predetermined magmifications of 2000 and 10.000 were used, de-
pending on the objectve. Measureme:nts were made according to
the method suggested by H. L. Geeen (36), Using the & mm. obh-
jeetive (mogmification 2000) the longest diamcters of two hundred
particles were measured. 2il lengths less than ten millimeters (five
microns) being nexlecrted. The number of Aelds examined wazs aiso
recorded.  An equal number of narticles was mezsured using the
2 mm. objestive (magmidcation 10.0C0), and all particles Aty miili-
meters (five microns) and over were disrezarded, Again the num-
ber of Aclds examined was recorded. These measurements were
used ta calcuiate the averzze longitudinal diameTer of the samopie
The method of calculzation is shown in Table II]. For the c=lcuiz-
ticn of the average transverse dizmcter the same procedure wvas
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Rexults—?Particle size determinations were made on samples
the dust collected at various stages in the process of manulacizs
but no ioprecizble varistion was found. However, thcers wzs
marked differencz in the average parucic dizmeter of th
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FICURE 2. SIZE FREDUENCY CURVES ¢

CR DOUST FRCM ASBESTCS FAT.
AUCATING PLANTS SHCWING PERCEINTAGE LESS THAMN STATEZD SITC.
I=LCHGITUGCINAL, - DIAMETER.  CRUGE oM=L ONGITUCINAL

7
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todinal diameter of the dust from crude fiber wax found to be 212
micons, while that of mill-fiber was 1.35 micronx.  Transverse

- diamcters were 0.9 microns snd Q.43 micTons for esude snd miil

fiter respectively. The Jongest liber observed measurcd {our hune
dred and Lwo microns,

‘The percentage f{reruencies of the various-sizerdd particles were
determinced for lonmitudinal and transverse dimensions.  rigare 2
shuws these vaiues plotted on Hazea's loganthmie probacility
paper. -

« -The difference in the two types of duse is further shown by ex-
2mination of Table IV, Thrce per cent of the crudce fiber dust was

ten microns or incre in leagth. while onily 17% of the mitl Sber
dust occurred within these limits. Twenty per ceat of the mtil iber
dust was. 05 .microns or less in length, while oaly 109% of the crude
fiber dust feill within this range. .

Ceinty 1V, SLIE FREQCEXCT DISTRLCTIOX OF ASDLSTOS DCIT

l Crotie I'ver l MIJ YTex
e Group B Midoas . . i - .
Uncer 9.¢9 ! PR R wr, b T
‘o J . i e | Y ' =3
1.6=l.ap ; 12 ! 73 i 13 . —
13 ! (= 1 34 ] 4.0 . —_—
20029 ] s . 18 | s . s
P — Ly H — | 4 : —
1018 | &} i —_— | L7 ' —
L3 ! R B ¢ —_— { Lo ——
S { 3 | -_— i 9 ' —_—
(.5 ] = o 1
e ot oter | W) ] 12 i .0 ', 5.9

Dusr CONCENTRATIONS IN THE PLANTS

All sampies were collected by the modiiied form of the Gresnburg-
Smith impinger (33) using ainety-five per cent UL S. 2. ethyl alco-
hot as the collecting medimin. Dust counts were made accerding 9
the method descmbed in Part [ of this report (<1). Al narticles
were counted regardless of size. Pxarticics less than ten micrens in
grestest diameter averzged approximately ninety-seven per cIng of
the totzL  The dust counts for the different cperations are showsn
in Table V. .
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was made from crude No. 1 fber.' In plant D, when the-iowest grade
rix was fed into the picker, the concentration was 347,

Carding—The marked diffierence in the totsl dust count in the
ezrding operation ay the resuit of using different gradex of asbestos
wiil agzin be seen. \When the ¢rude fiber mixture is being carded
for the manufacture of clecuical insulating tape, 2 conecentration of
L1 was noted. The mixture {or cheaper grades of yarn, such z2s
that used for sweaving brake lining, is generzlly made from miil
fiber. The concentrations of the dust when miil Aber was being
exrded were 234, 233, 298, and 80.0. The sampies were coilested
in card rooms of various plante e e . .

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

- from the brealer card and passes over the camei-back, becomes

brokea. [t is then the duty of the operztor to- go to the rear of
the card and repair the brokea web. the task requiring approx-
mately one-half hour per day. It was found in one plant that the
employes was exposed to 2 ¢oncentration of 373 dunng this time,
while during the remainder of the day he was exposed to a coa-
csnation of 24.3.

At intervails it is neczssary to shut down the card zad clezn or
“strip” the roils. This is doue by scraping them wich a hand-card,
which is 2 brosh covered with strips of card cioth. The cylinders
are slowly turned by hand a2t the sanme time, The dust concentra-
tion during this operation wis 535, Samestimes the roils arc cieaned
whiic they are being turned at the customary carding speed.  The
enpioyes stated that this was a1 very dusty operztion, but it was
impossible to obtain samples during this procedure.

Weaving—The concentraton of dust in weaving is dependent on
rany factors, but prinepzily upan the following: (1) quality of the
wip and fiil being used; (2) whether weaving is dene dry or wet;
(3) conditions of ventilation; and (4) nature of the finished produce.

. The influence of the first facier is shown in the wezving of in-
sulating tape and brake lining in plant C. A concenc=tion of 69
was associated withh the weaving of tpe (made from crude fber).
Ia the wezving of brzke lining made from miil Aber, the count was
Z7.1. In both of these operations the warp was drv and the hil wet

As pointed out in the descripticn of the weaving procass (page 3),
weaving may be done either 3\1th the varn dry or moaistencd with
water. The presence of moisture matenially decrezses the con-
centration of the dust. For example, in the wet weaving of brake
lining the concentration is &l, but when it is woven dry the count
increases to 27.0

The effcet of ventilation is shown in the weaving of cloth in plant
D. In this plant, ordinary elegiric fans were located just back of
the weavers, so that Just generated in the process wouid he hlown
a2way from the worker's breathing zoue. When the fans were
operating the concentration of dust in dry weaving of cloth forty
inches wide was 9. \When the {aas were turmed od, the Agure
rose to 333,

Thae fourth fzctor, nature of the fAinished producet. zleo inifuences
the degree of dusuness. Thus, the averzge ccacestration ea-
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countered in weaving insulating tzpe was 1055 that of cleth, 2333
and of brake lining, 23.0-

The looms in time accumuiate 3 great deal of lint, This iy re-
moved periodicaily (gmenerally once 3 week) by beating the ‘ooin
with a flexible rubber paddle. Ezch weaver cleznas Lis own locm,
the time required being approximatcly one-haif hour per wezi.
During this operstion the dust conczatration was 741

~ Spinning—~The concentrztion of dust in the tnule spinning ~com
depends aon the type of asbestos jiber used in the making of the
yarn. A count of 2.1 existed during the spinning of yarm olade
from crude fber for the weaving of insulating tape. A y2rm made
from 3 high prade of mill fiber produced 3 coneecrTtion of 33, Tae
dust associated with the spinning of commercial grade yzrm. the
cheapest grade made, was found o be 132, Trese dgures ars for
the mule spinning in plant B. In plant A the aveszZe conecsutraiion
to which the mule spinners were exposed was 23.0. Ia tius siant
all operztions from preparing to weaving were carTied on n the
game room. Consequently, it i3 impossipie to state thar tiis cone
centmmgon is due o mule spinnng aione.

Other Qperations—The minor mecchanieai operziions neezesary in
the production of asbestos lextiles have reiauvely smail coneznim-
Hons of dust assocated with them. In the winding operzuicn in
plant A this was found to be 80. Again, this aomper ¢annot 2ii be
2scribed to winding because of the fact that il cperatiens were
performed in the ssme room. In plant 3. in the twisting room. 3
firure of 2.4 was found associated with fwisting Two-oiy yamn. This
fgure increascd to 4.0 when yarn w2s nwvisted thres-niy.

Warping is a mechaniea] transier of the twisted vamn to larm=
spoois or warp beams {for the looms. It zives rise to verv litlle
dust, the conceam=tion being 1.0. )

Duost ConczwtaTions 1IN OTaer Proczases

Ia additicn to the fabrication of asbestos taxZies, one ¢i the
plants manuizctured other products in wiizh the yroount of zs>esics
wzs considerabiv less than the amouat wsed in textiles. Thiese
products inciuded 83%. magmesia insuiation, moided hrake lin'ng

T

asbestos cements, shingics, lumber, and tile. One piant mace as-

bestos paper witich contains ninety-five per cent of short-stipie miil
fiber. Determinations of the dust conesntritions were made at
sorne of these operations. The resuits are shown in Tabie VIL
OtaEX POTENTIAL Eazazns

This survey was concerned only with the hazmrd szvsed by z2stes-
tos dust, but other matemals that must be considered :
hazards were found. These mazatertals are Tasoiinze and Senz
grsiket and molded broke lining departments. le dust in the
roam. znd lcad cempounds in the rubher mixing cspartment
the fnishing astestes lumber and bic. sdditicnzai potenual haz
are lacguer solvents and sand from the Zmnding znd nehsivng ce-
crations.
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‘i Im&w."', ASBHSJ.CSIS-—-PAQT T —Tze EZecis of Expesure ‘o Dust
sioqy | Xemiwr| MOuons of :....coumcrcd in Asbestcs Sibpe=zg Plant on the Heaith
o3 iu;i-uo ’:t::‘:” - - of @ Croop of Workers.
- ood of
,i = Complctc physical examinz= ~ions == made of sixty-{our persons
o v . . T (48 men, 16 women) cipioysd 3T U= vime in the plants lisied in
- 2—' 5 Biasv-yundinenet - o w=e Partllof this repore.  Of this sombs soven mea without srevious
= v ] B4 t o exposur: were used as controis. Sezcon of the workers was re-
1 = . it - - smicted to those employed iz ixtie manufzetzre. Those workers
- ! e o '~~1angest cmployed were c‘:o&,.. bees=se the accsssity of inciuding
HR S T i 2 sufficient number from this goup 3 evident. Attention was 2iso
1 —= . paid to the group with exmostres < siorter duragon and to the
c1t nos ticular operation at whiea the Yorksr was smpioyed. Tabie
13 m;?.‘&_, 11 shows their age distiz=uon. '
PR Ay w4BLE YIII. DISTRIDETICT IT AGEZ OF 413 FERSOXNS ETIMINTD
b FEER - N _
i 1 [ ] . i -
— 2 (- TROLS | Somner of nier M AL Groop
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: . c . Asbestosis was found iz :'c*:"_::: persons (12 men, I womez}.
: : or 25 per cent of the expose= fToup. ©9 OTtY perSens werz cizgnesed
; o : as negative and the remzzing :.... doustinl Of the laiisr zroup,

4 one individual had previous sxposT= '-o silicz dust whica may havs

i been the primary or conimmunzny =ose and, =S 2 resuii has bem

: . : eliminated irom anvy fur""-‘ :c..q_::—"on. The cases Raving ==

! bestosis wers divided inio hrse t=ving siight and moderate Tui-

monary fbresis. no zq\‘..c~_ —se< 2aving been found. Thie esu-

mation of the degres of izTeaTme=t deoended on the ameount izd

. extent of ﬁbroszs seea roe=irrnoicpezily '-d in the ciinicai 3ng-
ings. '

The present, past, and {ZmmiF m=icni and previous occupationi.

histcries were securcd fTSrm eaT= TOINeT. Direct questions, witen

might induence the indiviozzl’s miles in regard to his subjeTiive

syTnptoms, were axonqcﬂ ‘= sbmr=no ciued c.,mmaint.s. Tae Tres
dominating subjective syrmTisims = i€ DOSIMVE TOUD Wers cOuIn
and dyspnea. Other ms ‘“D)c::‘:\‘c svmniems were v thront
and '.'r:ﬂ_ucnt coids. Crze ‘= adss 1a thas TTup had ma s -3 ct"\':

SuY
. symptoms.
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o E Objecetively, the major symptoms were agzin cough-and dyspne. . flm sugzested atciec
z ; Thirtecnt persons of those diagnosed posinive fer asbestasis com- CMPOYIEMI, Oceurre:
2 pluined of congh, and eight of dyspnea.  Other freyuently elicited hesions were noted §;
. §  objective symptoms were irequent coids, paipatativn, weakness, domes of the dizphr:
} preeordial pain, and pharymgeal drrness. NXo objcclive symptoms . of the negative expo
- "¢  could be obtained {rom one individual in the positive group. and two of the negs
4 Octurrence of zente respiratory infections was particalzriy ob- - evidence of healed
semved in the past medical history. Freguent coryza or other upper. discaze in {our of the

air-passage infections which did not reszit in 2 loss of time of tiiree

1 The occurrence of -
or riore work:

\ losis were deterntinen

deay
st o o

ng days, were listed as objective symptoms. Preu-

-~ monia during the course of employment occurrea in three of the e2ch person.  Each o
: __é positive and seven of the negative groun. The. past medjcal hise - obtzining the spagun
; § tories were otherwise negnrive excedt {or an artack of pleurisy in . morming sample. .\
¢  .one individual of the exposed grovp dizgmesed as negative. ‘ each samvle. .\fu.’_

3 Famiiv histories and, in partcuiar, tubercuious contacis were N n-,mﬁfugt}[ f._;;

$  noted. Two workers with asbestosis had roentgenological evideace and the Supcm:t':-zt

% of healed tubertniosis and nemative family histories. Two others the soiid ccnm'x':x:.,_.(

%  who showed evidenee of hesled tuberczicsis, and who did not have three minntes. A dr

}' 2sbestosis, 3lso had aegative family histories. . scone siide and exam

S Physiczl examinztions were made with the workers stripped to ’ both S mra. and 4 =

the waist. Mean varations in tlie present and grearest weignt wese
less in the asbestosis group thanm in the group diagnosed as mnega-:
tive and i the controis. Five-minute oral temperatures showed .
2 maxmum elevation of 0.5°C. Four persons having asbestosis had
an elevation of temperature 3ad eleven in the negative group showed
it. Elevadon of body temperature in the costrol group was ibsent
(»—‘f' The muccus membranes of the nose and throat of the entire group
. vere csseatizlly negztive. The conjuncrivae did not appear to be .
QE imitzted.  Tenderness over the antra and {rontal sinuses was not
found. Dedecsed nasal septa were common, and diseased tonsils
:  were noted in a few cases. The externzal auditory cznais did not
. show evidence of plugging or irritation.
Ciinical examination of the thorax included inspection, palpation,
percussion, 2od auscuitation of the heart and lungs. A teadency tn
increased anterjor-posterior diameters of the chest in the positive
exposed group was noted. In the pesitive group the respiratory
murmur and voczl resonance were impaired i five cases. Crepitant,
suberepitant, sibiiant, and sonorous raies cccurred in nine of the 4
2shestpsis cases, the two latter tvpes Ceing predominant

c -
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; The recogmition .of vanosis presented a difacuit problem. When

K it occarred the skin had an unhezithy leaden hue, with vapations ‘ FIGURT

" in the degres of intensity in the three individuals in the positive ASBESS

©  group showing this physiczl sign.

Roentgenologiczl cxaminations, made of all workers, included The greater perco

: fluoroscopic examination, stereoscopic anterior-posterior and oblique color, but a ifew wer

©  skizgrams of the chest. In addition to noting gross chest pathology, pale veilowash brow:

i the movement of the dizphiragm was measured in ¢entimeters dur- The largest asbesto-

}  ing the fluoroscopic exaumnination. Right and leit oblique exposures The bodies ocgurre:

¢ of the chest aided in the interpretation of the Alms and particulnr!v present singiyv or in

¢ in the detection of thickened pleurs. The hila, trunk. and tung or a2 dumb~ocil shz7

: markings of the fibrotic lungs were increased jn promincace. In strand 2t 2 positiun

> somc fims the lung fields showed a slighit tendency toward beading microgTeph of 2 103
SE acd aodulation. A small area in the distzl third of the lung in oae ) of twa cr threze asoc

; 20
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film sopmested atclectasis. Increzscd acration, such s one se<s in
emphyscina, occurted in a few cases. Thickened pleura and ad-
hesions were noted in 2 fow cases. The average movement of the
domes of the diaphragm of the positive groun was Iess tvian that
of the ncgative cxposed or control groups. Three of the positive
and two of the negalive group were {ound with rocnigcnological
evideacs of healed tubereniosis. Furiber evidence of puimonary
disease in four of the positive group was clubbing of the Angers.
The occurrence of ashestos bodies and the presence ot 3. tubercu-
losis were détermined in a single specimen of sputum obtained irom
each person. Each empivye was instrucicd in the proper muthod of
obeining the sputum  specimen, and w=s renuested o coilett 3
moming sample. An egual volume oi antifor=sin was added to

_each sample. After complete digestion of the mructs, the mixture

was cenatrifuged for throce minutes at Fonroximately 2000 o p. m.
and the supernatant liquid decanted. Dhisuiled wwmizr was added 10
the soiid ceatrifuged portion, and the mixture recamtringud for
three minutes, A drop oi the deposit was TansicTIC 1O 2 micTe
seope slide and examined for the prescacs of asiesios bodies under
both 8 mm. and 4 mm. objectives.

FMGURE 2.
ASBESTCS BOLCY. MAGNIFICATICN 660G
DIAMETERS

PHOTCMICROGRA RN crE

The greater percentags of spurum specmens were of 2 whitish
color. but a few were muco-puraient. Tiie asbe=tos Sodics werz a
pale vellowish brown color and vared in size. shape, and numbiern.
The largest asbestos body found mexsared 117 microns i lenath,
The bodics oceurred singly, dumped. and 3s rigments. When
presceat singly or in clumps, thew nrexented 2 Jezd-iikc appezrancs
or 2 dumb-deil shape. with buibous ends tigenng o 2 aarTow
stxj:nd 1t 2 position midway between the ends. Ficure 3 is 2 phcto-
micrograph of a singie sshestos bodv.  [o one specimen an aveTiIsS
of o or three asbesics bodies or iragmenty of bodies were se=n i
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eightcen of the negative groups, eownpared with four of the con-
trois. Right predominance was not present in the traeings of the
control group, but did ceccur in two trzaings of indiviinais with
asbestosts and three of the nemative group.  Leit predominancs was
most {requently found in the tracings of individuais in the ad-
vanced age groups. Katz and Slater (62) found cighty-six per cent
of ingividuz!s with 2 sccond positive wave of the Q-R-S ¢ompiex to
have changes in the heart muscic. Qur findings stovw that six ox
the cxposed group had 3 second positive wave of the Q-R-5 com-
piex; two of these had asbestosis, and foar were negztive, as com-
F.red with an absence of this finding in the cunool groun. The

-R interval was increased in the trzeings of two exposed pes-
sons jound to be neganve.

A {unctional test of the individuzl’s response o eYer: wzs per-
{ormed by having him pisce oune {00t om 2 chair izd then ruise jus
body tveaty-five times in thirty seconds. The soise rore wwas de-
termincd immmediately before and after exercse, and agmin 3t ine

end of 2 two-minute rost period.  Tiie respiraicry raie wWis ceser-
mined immediately bejore and two mizutes after the excrzisc test
Table X gives the resuits of the funcdonal test. Groarer varizdons
were secn in the rote of respiration foilowing exsrase in U
posed group 2s compared with the coztois han were scen
puise rate. Individuais with 2 pulse e of 10 above the normai
resting rate, tWo minuies aiter exmiTise, were considered ibnormai.

ex~-

wiBLY X. FOICTIONAL T73T OF LISPOXIE TO EPYORT
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Asbestos wartes are thought to be produczd by 2 Ober of zsbestes
which has become lodged in the skan, jargeiv through the irrizmunn
and evergrowth of the herny ind mzlcinohian aratn (7). Taese
growths are wsuzily found on e hazcs Sut muy also develop on
the fect. Forty per csut of the exposed grous 2id one or more of
these papiilormas cn the:r hazde
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Routine Llood cvunts and urinalyses were made on cach individ-
wal examined. Hacwmogiobin wax determined by the Haden and
Haumer colormetrie method and expressed as grmms of lhoemo-
globin ner 100 cc, of blood Smcars fur differcntial counts were
stained with Wright's stzin and X0 czils studied micoscopiczlly
asing a 2 mu, oil immersion objective. Practically no change was
observed in the hlood picture of the three groups. Comparzble
average variations did sot occor in cither the errthrocyte or leuco-
erte count. Im two individuals with mederateiy advanced pul-
monarr fibrosis, the towal leucoeyte counts were 10,800 and 11,400
with corresponding incresses in the percentages of poliymorpho-
nuciear lcucocvtes. Changes in the perczatages of other types of
white ceils were aot observed.

. Urine specimens were collected from each worker at the time of
physical ex@mication. Specific gravity, aibumin conteat, and the
presence of sug=r were determined and a2 microscopic exminzaon
made of 3 centrifuged portion. Urinaiyses were essentizily negatve
excent for a trace of albumin in four of the positive and thirizen of
the negative expased groups, a3 compared with two of the controls.

A bricf summary of the dinical findings of three asbestos mill
workers and the accompanving illustrarions (Figures ¢ to 7 inc)
are presented to show the two stzges of asbestosis encountered in 1
this study.
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Case number A-830—\Vhite maic: aged X0 years

Chie! complamts—Coughe

Objective symotoms-eOezzsiom] frones{ beadache (2) Foistaxis rare (1) Dry
@cgh {_4) Corgning amaciy peecpuated by sowmuous e~

cise,
Past Modicl Bistary-Usmai duldbeod diseases, Trawmmse orchis, 1934,
Ocmational Kistery—B8egzn working at 16 years of age. Milke=n, 2 yarz

AMule spinner, worsted auil, 2 yars. lef mmn, ) year. Mule spimoer, a3-
besiox fabricating plast, 9 yeary :

Puysical Examizaticn=Apmarendy belthy adolt male Hepnt 2 =
Weight 122 pounds (groarest wognt 122 pounds). Siia clear. No cyanosit.
Asbesios warts oo bodt hands. Puise rate belore, inmpediateiy ifter, and
tso momotes idee cxercse, 34, 100, 72 Respirztion rate nomediately bee
{ore and two mindies after exercise, 0, 22 Chest, soroml shape; per-
comason pormal; brexth and voice wunds pormal; sibilant and sonorom
redes both tases Hezry, apical wmpulse, 3th micrspacs mid-cawvwxlar line;
po mumo Blocd prossure 134/50.

Fluoroscopy—Diaparagmatic movenent, right doare, L5 | leit dome, 15 e

X-Ray—-Thormct QgT 3 oAt The tracoez i3 = the mdline  The =rdiae
sdiboucite is within normal lumits of size. The arch of the aorm i3 not
widened, The doqies of the diaparagm ire somewhat irregniar ca the left
side but fairfy irregular o the rmght The picura appmars o be sligntly
thickemed o the loit sde, and is more derly thown in the obligne view.
In the right zpex there is poasinly 2o old haldd tvderculoms jrocess piving
Tha tromk crrdngs ind linear mariangs are ingased In prominence,
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FIGURE 4, CASE NUMBER A872Q
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Erertrocardiogrmamareiac rate 72 P-R imerval 016 woond.  Veltags pandei
Diagmosis— Asbeitosis, sight ’
Case Number H7—\Vhite moic; iged & yars.
Cud Complaiots—{1) Cooga: (2) Shorwoess of brrath
Past Medical Historp—Usal doidhood diseases. Gumorrhe, 19?."-‘ )
OamthmlEn:ay—Fmrmﬂﬂycndm Liborer steel worlx,

2 yars, Laborer graia =il | year. Preparatcn reom ashestos milll 13

FIGURE 6. ELECTRCCARDICGRAPHIC TRAGING OF CASE E
- . NUMBER A3720

. EL—'—'C’."RCCARO!CCRAFMIC TRACING OF CASE
FIGURE 7 RUMBER «47

Physical Exzxmimbon—Goanl sppamnce s3ir.  Skin ctmar. Helght 59 inches.
Woght 129 pounds (greaist weight 125 pounds}. Wa clubbing of Sngers.
No asbertos wany  Nad beds aot cyumokic.  Chest, narpmal shape; pete
cspoa sorTEsl ) repTELocY Dnrmim withiil pormal lmums( yocal resanaoce
araltered ; sibilaat and soooroor ralex Heart, 0o iparent clirgznet;
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| functiomt cxereise test, 6. 11& 74 Ropration rate bofore uxl two mu-
ot afler (unctiona) cxercite 1cst, 14, 13 Tood prasore 134790

Floutmcopy—Dhpiuspmatic excoriioa; right dome, 17 om.; It dome, 2.5 e

K-Ray—The thoracic age is nemative. The racha i3 m e mid-lime. The
: . Qrdiae sithoocte & within normal Jiois. Tha domos of U diaphragm
zre reguiar, The hila and trunk markingy are increacd o promimence.
- : The juag markings 2ce also mercased M prommence.
Bectroardiogram—Cardiac rate @, P-R imerval @16 sccood. Voltage 15
mm, Low voilage of all Q-R-5 complexex,
. Diagnosis—Asbestosis, moderate,

.
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TATLY. XT. IXCIDINCYE AXD DEGRYT. OF AXBENTOS(S WITH 1ELATION TO
OCCTPATION, DUST CONCRNTRATION. AXD TYAKY OP YITOSIRY
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cdence of zsbestosis with relation to coecupation, concentration of
the dust, and lengtls of exposure in the &ity-six persons e==mined in
this study is indiczted in Table XI. CQbwviously the examination. of
such a relatively small zroup preveats the formation of definite cone
clusions as to the influcnce of these factors. Nor is it possible from
our finding™ to establish the maximwn saic concentration of asbes-
tos dust in the air. However, the resuits of this investization show
the necessity of a reducetion of the dust concentr=tions in those

operations, showa in Part 11 of this study, wherse there is continuous’

expesurc to high conceatrztions.

. Soataxy
~ (1). The concentration of dust in asbestos fabriezting plants de-

...pends primarily on the grade of asbestos: miil fiber gives rise to 2
;- higher concentration than crude fiber. Operztions arrznged in de-

creasing concentration of dust ire preparing. arding, wezving, spin-
ning, twisting, winding, and warping.

(2). The averame particle size of asbestos dust is stated in tvo
diameters, Jongitudinnl and Szasverse.

(3). Petrogravhic anaivses of dust encountered in asbestos fabri-
cating plants collected in the workers’ breathing zone shows it to
contaia no fres silica '

(4). Fourtzen, or 25% of fity-six workers emploved in the tex-
tillc departments of asbestos fabrieating plants in Peansyivania had
both clinical and roentgenociogical evideace of isbestosis.
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