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ASSTRACT

Ashestosis, a lung disease caused by fong-continued inhalation of
azhestas dust. was the principal physieal defect found ot Mesizead
examination of 341 men nad wotnen empioyedd (or rocently enipiove;
m three ashesios textije factories. The prmery efect of ashostug
hist seoms te be injtiation of fiue. interstitial, pulitonary fibrosis
whicl was not ohserved 1o progress as far as the noduiar sr.ve This

ibrosis was observed in post-martem examinations of three former

asbeston warkers, During life. lune Kbresis ean be detected by Xoyv
examination, The more umportant symptoms of Asbestosis are pro-
gressive dvipnoes, variuble cough which sometimes rajses hivng.
streaked <putum, and loss of weight, The protesevs that Pruiuce
dust in nsbesios textile factories were studied and recommendations
for dust control nre incorporated in this report.  Enough dust counrs
(242) were muide in all parts of these factories 3o that the dust exe
busure of each worker enn be estimntedl. Tie pereentace of persors
in different occupational groups who were ullected Ly ashestasis or
any of its symproms varicd with tise avernze dust concentration
which they wepe subjected and with their length of emplovoent.
‘he only cos of anhestosis, three in nunmber, found behw 5 willio,
particles per cuhic foot wepe sliagivimed] asx dloubtfud, wollastalilialie]
cuses eceurred at bivher coneentrutions, [Unppeurs frony (hew wata
that if a<heston dysg cuncentrtions in the nir breathied nee

I\"]'( Il\'in\\'
s linit new cumes of aslustasis would not uppear,

11Xy
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A STUDY OF ASBESTOSIS IN THE ASBESTOS TEXTILE
INDUSTRY

INTRODUGTION -

Several important properties of nsbestos have led to its widespread
nse 1n imdustry.  As evervone knows. it js noncontbustible and ay
excellent insulutor agzainst heat agd electricity. Fewer people wcem
1o be aware that its Rbers are sufficiently fong and flexible to be carded.
~pun. amd woven jike wool. fax. or cotron. Utilizinz these propersies
vl ashestos, industries have been developed in this country whivk
eriploved more thun 6.000 men und women in slightly more than v
ostablishments in 1933, '

Another property of ashestos lins been discoversd more tecently.
Vien asbestos dust is inlaled daily, vear in and vear vut. a luns
‘isease termed asbestusis may develop. In manv respects asbestons
tesembles siicosis. but it differs from silicosis n several Lmportant
particulars which will be discussed in the medical section of his
report,

The first record of o case of asbestosis seems to bave been made Ly
Montague Murray in 1900. The first comnplete desenption of the
dliscase and of the “curious bodies™ seen in lung tissue amd sputm
appeared in 1927 when Cooke (9) and McDuoaald (22) repurted 1w
caxes of ashestozis and Jisted thieir reasans {or believing thut asbestusis
bodics originate from usbestos fibers that reach the lungs.  The pub.
licution of their papers aroused genernl interest in the subject an!
numeraus pupwrs appeared soon aiterward.  Iofman (10) appears 1o
have heen the fisst Amenican to eall attentinn to 1he mnmitude of
the ashestosis problem.  In M8 e reparted that 13 deaths e
ushestosis lad seenrred mnong nshestus textile worbers, snd sibone 11
satme time Pancaast, Miller, nad Landis (20 reperted on 17 ehees g
:"l'(‘?’tﬂ\i‘. .\lills ‘.’G) 'Illlﬂ‘l’ was lllc “l\( 'mtlunlll-_'ic;al Tepmt oy
sshiestosts puldislo-d in the Unitedd States, and i e e Ve et
Lynels sond Smndye Gy reportell on sl
>t of ashestos workes,

stoste buwdies fousd i 1

Decanse several Nlllsf;\rl-u'}' Ieritnre s jowe of ashestonie linve
appeated in revent vewrs (here e tr be no nesd 1o present o vone-
lete Tierature vevien in this repeogy
hure resiens Lave heen fiated
Merewetler « 20 e e g

St vl Hae eevere aelul [iles-
Mo the antestatol lobibeerphie g
"'l']“"i‘ s l.llll v thie rebd bt of sielocatioara
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to working conditions. The clinical aspects of tiie subject are we
treated. Gloyne's (16) discussion of tle patbologr of asbestozis ;s
Particularly helpful. Middleton's (47) Milroy lectures on pPreurna.
coniosis contain a section on tsbestosis. Eghert (13) Lias sumInNAn2e,
the literature Teports on 28 fatal coses of asbestnsis. “Active pui.
mouary tuberculosic wos Present in 6 instances of the tota} 23 cuses-

the fatal outcome was primarily the result of tubercuiosis in 3
instnoces.”
oMELCTIVES OF THEI STUDY

—__ The Public Healtl Service was requested by the State Bourd af

Health and the Industrial Commission (adininistrutor of the Wuri;.
men’s Compensation Act) of North Carolina to assist them In making
an envineering and medicgl study of henlth hazanls in the ashestos
textle industrv.!  The ohjectives of this study were threefold: (15 Te
make o medical study of the eHects of long-continned intulation of
nshestos dust on the human body; (2) 1o identify the manufactunins
Drocesses that create dust und 1o reconmnend practices and. whea
necessary. equinment that will redyce the dust exposyre of Warners,
and 310 find - what coneentration of isbestos dust can b tolerare!
without injuyy llO:llD

—_—

P T repreents oo of EIR 35t Lees of S iad Seeurs

Y {und: lor ¢ cuopeeatss LI LT ¢ 2T BT IR
Pubiie Reanh SEFTIOE 2NY 4 Stare healsh rlerariiene.
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THE WORKING ENVIRONMENT

METHODS aNDINSTRUMENTS USEDIN THESTUDY OF THE WORKING ENVIRONMENT
*

The evaluntion of the working environment and its relation 1o the
health of workers forms the basis of all field investigations conducted
by the Division of Industria) Hrgiene. The procedure followed by
this Division is described in Public Health Bulletin No. 217 (2.,
Therefore, only a brief discussion of the subject is presented in thus
report.

The study of an occupntional dust problem begins with a prefiminary
survey designed to obtain datn on all the oceupsticnsin o given plant
It inchudes the number of workers empioved in each occupation and
the materials used in each process. The survey also revesls e
number of workers exposed : a given bazard. Following the pre-
liminary survey an evaluatic. of the occupational environment is
made. In the dusty trodes this includes o determination of the
amount of dust present in the air, its composition and particie size and
the measurement of the effectiveness of exhaust systems where thev
ore used to controt dust hazards. The latter, in this instance. tnvolved
sirflow measurements of severa] exhaust systems by means of g pitot
static tube. The effectiveness of these systems was detennined by
dust counts,

THC MANUPACTURE OF ASBIITOS TEITLLER

Approimately 90 percent of the asbestos used in these plints
i obtuined from Capada. The remaining 10 perrent comes frum
Arizona or Seuth Africa, and, infrequently, from Rueian and \o..
trulian sourves, .

Much of the muchinery that is employed for e manufacture of
nabestos textiles is identieal with the mmehinery waed for the producting
ol cotton and woalen woulds. Crude nahestos fiber is kent first to 1)
preparation deportiment and then, in the onler natiel, 10 the cupdine
machines,  spanninge frumes, winding  bobbins, twisting aanchine,
~peobing frnnns, nnd finally to the looms und tiscellnnenuns fabrcaring
doviees,

' Tie four Blants investignied in the present study full anturally
Mt two classifications, Two plants convert etnde nabeetqn and raw
SR LT, BTTY FYRIN TON oo varn sl woven saods, bt o ned Progee the

‘131
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products for the ultimate consumer. The otlier two plants purehace
botlh asbestos varmn and unfinished woven ashestos tape. Tlise
estnblishments weave brake bands and convert their oxm woven
product, as well as purchased material, into finished goods. Tl
practices followed in the plants studied are schematically presented i,

the flow sheet slioun

E_‘ in figure 2,
E
# ¢ PALPARATION

Crushing —The fir:y
step in the roaguluc.
ture of ashestos textijes
is the crushing of tiie
erimde stock in g il
ing machine. This s
accomplished hy larce
irun rollers which te-
volve in u steei pan in
which the erude ruu-
tertal is placed. (3o
fig.3.) Thiseperation
separates the fbers
and loosens the impur-
ities chint survived tin
cobbing of the ore at
the mines. The erush-.
ing operntion does nt
produce mueh dust,
the fibers being disin.
tegmted by a mashin.
anl twisting wetion.
Mt erude ore muer
be etushed far 24
minnres, althows), 1
RINK COSER B iy e
satislaetorile  ddising..
eeated v S nanag, .
The eruslund aslioaten

FlGuae | —~vacuum CLeantn mag Admancement |0y, matted gppeen.
FOR COLLECTING SuSPEHDED DUSY Raue gy

amee. Followinge

crushing, the usbetos i« repluced by Tasind i the s foe dbelivery

ti the willower,
“.,'lloln';ﬂy__'r“p \l‘iil!!“ill‘.‘ "e “l\‘.“i“.‘. "f ll|l'

nelestin 10 paaent iy
nocleaning aperntion.  The Willow ¢

beente uned Dinede thhe Mt



5

FLOW SHEET
AMERICAN PRACTICE
Conte msmorss

+
* Cressay
'L.‘.!-'
(Lo iwtes o mary
nrvenn g
L]
rewem e aelstaiong [ LTYY v —
. [] ]
Ay Sotien . Soqmeary berom i
. 1 ‘
‘ H MAsiont Pucsing !
Waser, o N Wresiol menssowmll,
Openar v SIPOrS 0ghas be e
| Sans plears 4o S¥%or fiWes woy mp
201 sus.op e . W et un . greee N
l ey seremmang ! remaite - sueresae l
. ) W e—
. .
1
. * Resoverp Sarses
¢ ) ' N
. LITTYOYS Rate June
COTTOR ASLITOS BIEUNE = (carge.y ssae) (2ers fhervs,
'} 818 \9 comntL 808 19 st
riemsy PLiaw wrafiiierers oA mpes amne
Lass et T el i ades sed.tiom of fezrarersy
)
Enterinl ¢
Cosloeran == Sesemiary fPisher

* i «Bete. 1A pantse heving en g
72 0 omer €43 MtAiAS Ao - APesi 4y
Vdaalatang I PAseE Wougn 11 severy.
[T tiams.)
¢ o |
Rotsinas  Pessing e e Bused siema Ging
]
Cottae k):u ~ovwace c'u-u
s for [19r'Y .
low grese  commmy I Beving
[ o 131 af'rs.

recmetmeisl cary reving
for o oevrica. wa-
Pucdbiom oa -calMme)

el bag mating
Mpisnlag Presss
(e\ng omt anle
Opbatiag )
Wie: Tas orem ) Semaliag
et dotdrwn gove t .
aw WD memere Tistiag
of tmas epure. .
Vinan ) MBiag e g s Pors

‘-‘;-m-‘.‘“
tn-—-—!—(w . T

Gasving Sanviag
(Tom, i‘ua ] e b om
aress liaiag} 1
Lot et day
araet

(Jopreognasion vita
AT wagoLad e
FreLas, & wappallg
Ll 1]
’
"]

|

Plasanes
10t ianne  cmomnor tag,
Ol ag, o ihlbig et
o b4, kg |

!

LV, V1Y
Filauag 3 L oun S«LLT OF Au(a Cas Paacr.



v/

7

of cotton used depends upon the quality of the willowed asbest
fibers used. As a rule, from 5 to 15 percent br weight of all the asbe-
tos textiles produced in this country is cotton.

Piling.—At the plants studied, the mixing is accomplisbed in tu
steps. the first consisting of placing the cotton snd asbestos in slter
nate lavers in a pile upon the floor. and the second step of feeding 1l
mixture into a picker machine. The batch making, or the plaemng o
the cotton and asbestos, is known as piling. Itis productive of mucl
«lust since it is necessars to spresd out both the cotton and osbesro
inte uniform lavers, which involves the use of & rake and muci
trampling of the materials.

Picking.—After the mixture is made. it is lifted into the breas:
high hopper of the picker machine. The materiul emptied into ¢

FIGuRE 4.—FLY OPENIA OA WILLOWER (NOTE ExnausT).

hopper displacex air in the hopper which enuses dust and fibers 10
eecape upwand iute the face of tie warker.  In ndilition, the evlimler
sl aceessory roliers of the picker mnchine operate at a hizh spweni
snd mueh fine material esenpes Irom the many mnall apenigs in the
frame. The dist that is fanned out of the mnchine, tecother wil,
that produced in the freding operatien, mnkes the pickernin '« coea.
Prtion comparutively dusty.  Jn some planis twe prchers are o
ated an <ones and in others only one, through which the mateied
My be passed several times. Ty either eose the pieker diselizges
directly or by prenmatie duet into 4 colieetar bin. Where anly o
taechine i« avantable, bowever, 1he preherinm it ey e e mitend
.l',\' piechifork fann the collector bine o thie thoar of 1l prehet 1oons o
U~ eecirculition throneh the teher. A1 cne ol thae plants «tndicd

there nee twe prohers operated 1y corpea aned commneeted bv et

UL S L S i,
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ducts. Here the collector bin is also the storage bin. I order 1o
prevent the mixed material from accumulating in a steep pile 3 man
is stotioned in the stock bin at all times. This occupation creates
considerable dust, since the cotton-ssbestos mixture is delivered into
the bin by overbead ducr discharge. In order to reduce the «lust
exposure of the stock-bin tnan. his position is made interchangeable
with the pickerman. each of whom spends a bhalf of every day in the
stock bin and a half day at the picker, In the plant having only one
picker. the mixture is trucked from the collector bin to the storage bu.
At one of the plants studied, exhsust ventilation is provided for the
picker machines and the mixed stock storsge bins. Cil sprars are

FIGURE 5. ~EXRNAUSTED CARDING MACHINGE

frequently used within the picking machines in an attempt to prevent
the formation of «ust. . e
CARDPING

From the storage hins the stock, ax it is ealivd, i< handetened
the carding mochines where it iy be piled upon the
the hopper of the breaker cand.

The eards perforn <everl duties. They nve the Bher< an lidi.
tonal misinz, areanee them in parallel positions, oirl form ey
roving. The term roving 1s applisg
that nre produced.
machines,

v e
hwe oor Ted jnna

to tlie stemmds of parathel tiwees
A vanding unit consists of two alieet wlentued
The one through which te O EONas IS s HINTHTE Prisses
larst i\ ‘('fl"l'(l lill‘ ‘Dﬂ'llkcr (-"n|. aneld lll!‘ ullu'r. the lill.l-'lll\'.f card, Tl“«
twes anachines nre quite <imilyr iy thot a basse re
~evernl WECESAOY rollers perforis
Ise¢ fiz. 3Y The carding

volvine evinoler with
the nugoe portiosn of The warl,
OPeratinn i~ ante ssertdbar 40 1heat o (e
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picker, the essential Jditference being that the roller and evhinder su-
faces are stucded with fine steel bristles rather than larpe hook-
Some of the rollers straighten the fibers by combing out the tanzic:
while others dofl. or remove, them from the combing rollers and 1.
cylinder. Aside from these main features, the two units differ slight!y
The breaker cord is equipped with a feeding Lopper similar to ths-
used on the picking machine, while the finmishing card is provided witi
8 device for forming the carded fibers into strands. In the piant
studied a svstem of convevor lattices trans{er the carded fibers fron
one machiue to the other. The outside strands of roving are returne:

FIOURE §.~8MmnMinG MULES.

to the picker for reworking. Tle remainder of thie roving is woune.
on long rollers with Janged ends, called jack spools.

The bristlestudded cylinders of the carding achines revolve a:
high speetts aud mueh lint is thrown into the atmosphere. - The cffcc:
prodiiced by the revolving eviinders and wheels is similae to that of -
fun. apd as a result much of the dust renuining on the stoek at tla-
point. as well as ashestos mind cotton libers, is blown into the air. AL
sarding tinchines studied were provided with exhaust ventidation.

While practiently all of the roving is spun into vam, sane of it s
marheted without further processing othes than winding on spusets oo
totn eoil<. I this formn 10 a8 used for elevtneat insalation awd o
vonversion inee pachivg foe wschine benrings,

APINNING

The jack <powks containing the roving nuy be eonvevet cilor to th,
mule’ \[)lllllill;' nrehines sl i Ligare G oo te the nins s
featnes. The spnnme. o s lagever masdisne petformed s twasine o
wpreratiat whoeh wapaits strererth ta the stiad ol filaes- ISR

-
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locking or meshing them together. The ring spinner twists the roving
as it is wound on a spindle, while the mule spinner performs the same
treatment in two operstions; first, spinning it in 5- or 6-foot lengths
and then winding it on a spindle. The nng spinner makes ¢ yarn that
is stronger and better in many respects than that produced on the

mule spinner.
WINDING, TWISTING. AND SPOOLING

The spun varn is converted into stronger thread in two operations.
1t is taken first to the winding machines where it is transferred from
spindles to tubes. After being wound on tubes. the varn goes 1o the
twisting machines where the thread from two or more tubes is brought
together nnd twisted into one thread. In the twisting operation the
thread is frequently strengthened with brass. zinc. or copper wire. or

"wqul( 2. =TWIETING MaCHING,

- St ‘ A

with cotton twiud.%?bﬂqﬁuu-the inigial ewisting operation the varn
may retum lo-‘fln(“n'indcn“fofplnring on speddal tubey, in which form
it is marketed.  Then ngain, it may be conveved to the eop or 1wl
winders where it is wound into spirulles for wse in the shuttles of ..
ivoms,  There are a vanety of winding opwemtions 1hat prepaze the
varn in <onie partienlar mannet for the market or fur g on eertan
types of annchines, Likewise, there are w o variety ol twistinge o
spooling vperiatinns,  (See fig. 7))

The wandine wnd twisting of the vura ix follosed Ly aomanber of
more of Jess related eperntions. The thread nny e converted it
eloth, tape, wiek, hrake hnie, tubes, hrands, or fotansl into rope
(e bz Sl 9 N wnall aweunt of the promlinet ol the witiders
and twacters s treated by poasang through o sizine compaaaad ] azal
.<il|0<f‘l;||v~l|!|)’ dried an reels befores bees sooned agasn oo tabes fog e
tnrleet .

v
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WEAVING

Tlhe weaving of asbestos is done on looms that operate in the con.
ventional manner. Both cloth looms and tape looms are used. tSee
fig:. 10 and 11.) On the latter, brake lining, asbestas tape, and wick
{ur oil stoves are woven. The tepe looms differ from the cloth lomns
in that the warp is segregnted into severnl strips of material and in
that there is a shuttle for each strip of warp. The weaving of oit strips
proceeds simultuneously; one mechgnism operstes all shuttles ond a
sinzle reed suthces for
all warps. Looms
for tape weaving are
nude in multiples of
t spaces up o us
many as 30. Buth
dry and wet wenving
are emploved for the
praduction, of both
cloth and tepe. In
wet weaving the warp
ts pussed through a
~liallow pan of water
and the cop (for usein
the shuttle) is dipped
into water,

Dry weaving of
broadeloth produces
much lint and dust.
The threads of the
wurp are continunlly
ruhbed past encls
wther s they are’
moved froy positions
above of below the
le of the shottle
whiel iz shot from
nne <ude of the loom
te the ather nt eacly chanee i position of the warp.  Filier liagimenis
se eubibid from the thrrsds nt el change in twir position e 1l
Ganminze ol the awir by the movene machinery carties them into o

atoosphiere m and ahout the loom.  The same nmehine wre need o
botte wet aml deyv wonvine,

.
Wi

FIGURE 8. —LxHaUSTED BRADEIN

I the nennfavture of lI-lu'-lud woven ““.hn-ls at sone of the
vhunts studied, the wamp is fornml ot individunl osinas Dy Buirnessang
the thread feonn many <pods which e lmg an ensel ks AL athers
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thie warp is first wound on a beam {from the individual spools nnd then
transferred to the looms. The latter practice makes & more compact
weaving unit as creel racks occupy geveral times as uuch floor space
as the joom. The creel rocks are attended by & worker who is kept

FIQURE 10. ~SAcADCLO TN WEAVING LOOM .

busy tving broken threads amd repluving empty spoals witle full eoes,
The oceupftion invoives nit expumure to wshwestors (st for whadly e
Jooms nre lnrpely responsibie.

The ashestos eloth is uamally <hippal to firme that eenvert i intn
wishets, “lfl”'"'[ clotlane, und other puuinrls that veguige o pone.

. ¢
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combustible fabric. Some asbestos wick is pocked for the marie:
without further trestment. Asbestos tape is usunlly soid to otlier
industries. Some plants that weave brake bands sell it as g cruge
woven ribbon of fabri¢ to finishing factories, while other manufac-
turers of the mateninl convert it into finished products.

\ A

"BRANLE-DAND WIAVING LOOM SHoawiter, 1100t e GF T0F Sii SEC Ty Wet
WaOven I1anns

fFroung 91,

BXAKL-NAND MANUPaACTURY

The manufucture of hmke hands proceads in severd steps, the
first beme the Impreenation of the woven fubrc with e1thier a0 ..
phialtic cosupound or o vegretable revin. The datier is the newer ferrog
of treatment aml s rapdly supplantinge the former. Followines this
operation o hicst treatient js apphied in o specially eonstructol oven,
In practive the nbbon of wover Ashecros pasees first into a vat of tle
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treating substances and thence immediately into a bakiny oves
These operations are cariied on in a building that is well ventiiated
and which is removed from other structures sufficieatiy to reduce the
fire hazard. The treated asbestos fabric is now calendered inte
uniform width and thickness and one surface is ground smooth. The
brake-band material is next cut into suitnble lengths and hoies drilied
into them nccording to pattemn. Finully, the finishied braxe hand:
are branded and packed for the market.

In some plants molded brake hands nre made of asbestos varn anc
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The grinding or surfacing of the brake bands produces considerale
dust. In the plants studied exhaust ventilation was used to contrel
the exposure,

BRITISM MANUPACTURING METHODS

British practice differs in many respects from American practice.
The same type of machiners is used in both countres but in Bniisk
{actories. dust-control equipment seems to be more generally used
thonin American factories. British fuctories speciaiize in the proslue.
tion of fine yarn und this involves numerous differences in practice.

In England the processing of the nsbestos begins. os it does in the
United States. with the crushing of the ore, but when this oper:tinn
has been completed the manufactuning process does not paraliel
American practice until the fiber hos been carded and is ready fnr
spinning into varn. (See fig. 12.) '

After crushing. various grades of esbestos nre blended in u muchine
fuite similar to the conventional type of rotary concrete mixer. It i»
nf passing interest to note that the same device is used for blendinz
ten. The biend of esbestos is passed through a magnetic separator
where certain mineral impurities are removed. It is cleaned furtlics
an rotary shaker screens where some grit and fiber fragments are
climinated.  After screening. the maternl is fed into a willower
The Britich employ a vertical willower that is known as o Creiziitun
vpener. Its action is similar to that of the Amencan willower, and
the internal revolving mechanism is retained. The willowed material
is subjected to a final cleaning on a second set of screens; such an
operation is termed “‘sieving."” Willowing is the lust of tlie clenniny
processes, after which the asbestos is placed into bins and is thereafter
known as stock. It is now fully prepared for carding.

The practice at the plants included in this investigation is to ad
cotton to the asbestos und then subject the combiaation to thorouzi
mixing in a picker machine. In Engrland cotton in addet to 1
usbestos on the cunling machine, both fibers being fel separutely int)
the breuker canl.  The eotton in all probuabiility ts prepensd for ¢l
eanling operation on a conventional typee of combinntion catton textiin
Meher machine which opens the Bhers, eleans thew. and forms 1
material into bips.  The latter termn s applicd to the cotton whicl 1~
formed into u beand ribtuny of feit und then wonnd into w roll.

Enclish candisg smuchines are Cpped with w fesding conyevar, o
Littiee, upon which first the nelistis i then the cotton wre plaved|
The asbemtos s ndded (o g weipting box that is supvacted over wd
wear the outsile e of the convevor. Tl boy [l neluston i
. with o predetennined ratio of the fiber 1o the cotuan
Whin a evrtain werzht of ashestos D aeeummlatd in the bos. «
Bottam nmil plliw s the matenial to full upon th

seeard e

mechanism apens the
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lattice. Further along a roll of cotton felt rests upon the lnttice an
unwinds as the coaveyor moves forward. Thus, asbestos covered wiiia
a laver of cotton felt is fed into the first machine of the carding unit.
The carding operation has already been described.

The roving produced by the earding machines meay be converted
into varn on either one of the two machines. both of which have been
discussed. As was pointed out, the ring spinning machine produces a
much finer varn thon the mule spinning device. Since the Bnusl
speciolize in fine varn. the ring spimning (rames are used virtually to
the exclusion of the mute spinner. The preparation of varn for the
market ood its conversion into woven products will not be discussed
since thev are similar to the processes used in this country.

) QCCUPATIONAL ANALYSS AND A DISCRIFTION OF THE CHILY OCCLUPATIONS

The occupntional analysis of the four asbestus plants covered in the
present investigotion is shown in table 1.

Tastt t.— decupational onalyers of workere tn the asbestos textale mannrartueing
tndustry
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Tasie 1. —=Qccuparional enalysis of workers in the asbestos tertsle manniucteins
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Reference to tuble | shows that a number of men Juve heen et
as foremen and <econd hamids.  These terns have heen wdopted
from the ecottan textile nduetry They do nut atware pean o)l
time supervisary duties, ne migiit be presumed i tiust cuses fotetsyer:
and seeond Junds e fuzazed i all the netvities of the departinens
e wiueh ey gre wssizne. Fnrx‘hvr mentin of these werijoacon.
(ST ATIT I m the Lyjef occupAinng| desenipiions whiely foliaw
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PALPARATION

Crushermen empty the raw asbestos, contained in 100-pound Lags. 1n1e 1.,
pan of the ¢rusher. They siso operate the crusher and remosve the aabestos £er
after erushing,

WWillowers or openers handle crushed fiber and weste roving. The erushed ore 15
fed into the willowing machine hy means of pitehfarks. The willnned mates.s
is usually blown into & special bir.  1he waste accumulated by 1the mact.ite 1y
removed several times daily by the willower. Willoners also operste sercens
separatiug coarse granuiar materisl icebs: from the fiber.

Pickermen niake up the ashestos-cotton imiches rmling: according 10 specirey-
tious and pitch the materiai into the feeder hopper and the piCher mmact:: ¢

The pickermen in some piants may iiand truck to special hins the inater.a, o hicr s
blown from the machines.

H 4

CARDING

Cardere operate the carding machnnes and clens. them whei necessary .

Mackora handie the stock prepared by the pichermen.  The nzeraiae cn: .
vesed hy hand trucks from the stock bins 10 the card (eeders.

Tendsrs look afier the stock feeders and roving jack spunis. Tie atier are
removed when full. and Peplaced with empty jack spoo’". The occupatiure of
tender and carder are in somne piants interchangeabie, '

SPINNING

Mule spinners operate the mule spinning frames.

Ring spinners opcrate ring spinting machines.

Helpers (boboin boxs) assist the mule spinners snd ring spinners tonveving
full jack spools of roviog 10 the spinners and carrving empty £poOis back to tie

cards. Theyv also transport the spun varn and attend 10 the roving jacks sng
bobbine whenever required.

SPOOLINC, TWISTING, WINDING, AND TRLATING

Spoolers tend the spooling machines and haudle s$ppools on which the spun varn
fs wound,

Tuwwaters and helpers operate machines that twist spun atenal iuto heavirr
sud stmager varn,

Winders operate varn winding machines.

Treaters pasa varn throush special conpmnds (anally |m~dumin:nll}" starcl’
snd wind it on laree recte fur deving.  In brbke lining manufaeture, treaters ool
saphalt arl resinony materiats with which the Prmiuct s anpregnated,

Yarn pmeiers wreap and box fonmhed sacn.

CLOATH AND Tarf wEaAVING

Hirmpdelidh 1eoetie re operate hoth ddre and wet wenving lewons

Togw rearers cpweate bwgns fue Mearvng tagme aond bieahe o asaneogis

faspuciare and caicndere ra et and evaanmine all wosen ateenad for e Lo
and pass 1ape and Leshe Deais thenngh enlvideting mgehines (o achen e tis sepeed
waulth and Gackinms,

Crerirrs AtLCOd i the Frqd rarks an mhicl the warp 1hiead spaeds are tunpnitoel,

Cap draddirs wperate CoLw g machiires wlhineh swoned Chre:ied sors et LYY ITRY
fur vise in the Jnou <hintiles,
Wearre Aelprrs euality Bl 1o 1he steving oof bernmbibath bl Las barr e e

wer Flaes aien fomadle puy 1) Foot 11.¢ €Pen boore a1l e e
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ALL oTHEN
Cord, rope, and \ck wvorkers operate special cord and rope-nishing mMachiicy
wtid Lraiding machines.
Brakedining fnushrers include tresters and dryer men, calenderers who oncra-e
ralendering machines ior squanng uneven edges, grinders who smoath off uncien
sirfaces, and cutters and driliers who cut the Anished band to required sizes 3+ =

Arill it for niveting to hrake shoes for sutoiwohiles and other macsines. lu tle
vlants studied, these occupstions were interchanseabie.

fieneral labor includes those occunations sssaciated with maintensnce of eoup-

ment and generation of steam. They also include janstors, watenmen. ang
slupping clerks.

Supenintendence is conceened with the supervision of all plant aetivities.

RESLULTY OF THE ENGINLERING STUDY

DTIT sTUDIL®

In the present studv, dust counts were made bv the immpinver
method (2), using ethyl alcohol snd distilled Water mixtures contahing
rom 25- to 30-percent sicolioi as a collecting fluid. Two samnpliz
methods were used for collecting dust for chemicul anulvsis. ('
Scttled dust samples were collected at the breathing level und (2) ai.-
suspended dust was collected with a smoll, hand-tvpe, vacunm cleaner
litted with a removable, paper-bag type filter. Tl latter wethod is
similar to o procedure developed by Hatch (3). (See fie. 1V }u
nddition to chemical analvses, petrographic analyees weie niude on
several somples. In order to deteriine the particle size of usbestos
dust, an Owens jet apparatus was emploved (2). The samples coi.
lected were measured by means of o flar micrometer at u magnification
of approximatelr 1,000 diameters (0il immersion). Pliotomicrocrupi.s

were also made of dust obtained by the vacuum-clenner device de-
seribed above,

MATURE OF TNEL OURT FOUND IN ASDESTOS TEXTILL FACTOMILS

Composition —Tuhle 2 shows the results of ehemicul atnivsis of
settled dust samples obtained by the Hateh methionl (3). Examination
of these tubles docs not revenl significant differenees nmony the various
sttples’ It will be notedd, with one or twn exeeptions, that the tor.d
usdy (o water ol ervatnllizntion present) dis not vary eneativ, Tia
vatue of 54.5 obtuined foe wet weaving (Sempde 81 is due to the moistuee
vontent of the dust sonple.  Calenlations of campusition on g s
basts bz the vnlues mta eloser ugreement that sndicatid in et
table. The reanlts given fur <tmple tEin table 2 aree for boake B

whirli Lhas been tnpregnated with resinous cotponnds

ER L TUTRTINNCIY o T TR I erirey Het ustomim Lol

. Ntheot Carutwe b i 1he Lidbin,ns Potigesstes  Vel,
NI S0z 1012 16U 1,7 Mg 1) bogti, 2

ALY . L ZTTSY KRV TR S I N ) Wiy beag ”
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Tasir 2.—Chemical analyees of seuled duar sampies obiaened 1n asbesios ter ...

planis

A curage chemacn| comd PMItiod of tAD Pl

percenlase
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13. Dt tram evclone enne 319 34 O 15.2 [ ] . 3.2 108 Moy tararooam dus:
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Tasig 3.—Chemical anaiyses of snspended dusi samples (ollirrieri oo an gshecne
. teztale plasg

] Arversge cheDIA) EOMDAILIOn o MDD Pwes
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Derattment 10 zhich Rearss
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14 RT3y, 95, 1u; MO A3 Un
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1 Comhinmi atxdes.

) OmTeLvm mauuciey Lo Mo resm.

Tlie losses on izmition of all sampies enalyzed are due to the presence
of catton fiber and moisture. The 30.5 perrent loss on ienition uf
sample 21 in talde 3 is probably duc to the presence of cotton fiver

In passing, it muax be pointedd ont that ne enrbonate of the o) de;
reported Ly Hurlibut and Williwms was found in any of the sampi -
annivaed (0).

No guartz was fuund in any of the mamples examine| preregiapi.
callv,

The consisteney of the resalts indieated i talles 2 und 3 s 1mor.-
remackable whien the phyaeal eharactenstics of the dusts are tahen
mto copsideration.  Figure 13 illustontes the sross appenranee of the
dust snmples tahen with the vacwn clentier deviees alws e mentinnes]
Each satuple shownan the fizure represents two grrms of dast Tloo,
are conspicuonadifferences uninne the samples, bath in enior and badi,
Prepurntion  nnd cuardangy pm‘iiwc geanuiar atera, Wenvang

.
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sainples, on the other hand, are bulky, the difference probahly be::
due to the presence of long asbestos and cotton fibers in theze sampl

"Carding and preparation sompies contain cobs which are present

the raw asbestos. The darker appesrance of the samples shown i 1!
top row of figure 13 is difficult to explain. It is prohably due to 1l

.... \ il T
oﬁfw !

é -.o/v-.a..

3P QOOLING

h.

TwisTING omy WL‘Ava WET WEAVING

FICUAL 14 ~MICADOLCORC AMSLARANCE OF SUBPINDEO DusT COLLEETED » °
VACUUM CL LANEA DEVICE. 200X

contact of the sprn wahestimeeatton mistane with vibv metad sl

The microseapie uppenrance of the voenunt cleaner samphes
luatruted in Doure 14, The presenee of botly entton nend aste
hbersaud af stsall partieniate mottee ts readsby soted. e diest .
the vanbing room is ot ~triking. 1 bos few Bihers o b0 L
cotisilerahile partienbate matier
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Partiele size. —Tlie measurement of dust particies suspetnled in t]e
A of asbestos textile plants is difficult because of the pressnce ¢f
both asbestos and cotton fibers. The diflerentiation of these fiher<
under the microscope is not alwors possible, especiallr when the
fibers are short and fine. Several saraples obtained with the Owens
Jet opparatus were exaimnined with o petrographic microscope in onjer
tv estiniate the proportion of asbestos end cotton fibers. but na <arj:-
factory teunique could be develnped for this purpose. In this studv,
imrticle size deternnnations hased on Owens jet samnples were 1nade by
three methods: (1) euscope projection device: (2) a flar micrometer
attachment to u microscope (using oil immersion., 1,000}, aul
'3 by means of photomicrograpiae.

Dita obrained with the euscape showing the percentage of fibers
‘irrespective of whether they are cotton or ashestos' are presentei in
table 4. These are bated on Owens samples and not on impinger
samples. With resard to the selectivity of the device weed. lirtie
imformation can be given, although it i« known that for diserrte
particles. the selectivity of the Owens ppparatus amd the singer
are the same (2).

Tante 3 —Jtelutian ar Sbers to particics 1 varions Duwens Jel s,

L H
"Numtrol Nurmberof
Aetwity i Fuen (T pane,,  Tou S
oounted | ouuerey b fASL fter,
]
:: "avioe ’. g : ey ] I ne >
‘raving o, 3t EC 1y
Pievinr ¢, g ] ;: . s [
Catd.ze : 3 -
Temune . 1Y} b A N N t
Testige ¢ 1) b v .
Crustueg 'eeoano Ll s o “ws . 1

¢ Phami B,
! Plot A

The resulta griven in tahle 4 indicate that weavers are exposed to
the highest pereentage of fibers.  This is to be expeeted bevanse e
warp thrends Iray us the shuttle ¢roses thew, Samples collerg)
near the pickers and eanlers bave fower fibees, while the dusts 1o
whieh erusbermen are expose] hiyve the lenst proportion of tilners,

The relatively fow pereentase of Ahere in wispetided dogeg eNplaine
the swall sumber of Silers vimerved white muhing dust connre o
mpinger semphes. The latter were n<nl]
pasticles per quarter fichl, Henee, exee
whirh consilerable fibers were oharvd,
inomaking connts of ather somnples.

¥l to eive 20 o
Pt for weaver's satiples in
lilasre nre ondy ranelv founal
(Dt _commts inclavded bt hy
irr|‘~|n~r;l-\_c of sizel)

hibons sl nonibsrons Particles,
Table 5%

Hstrabes e "SI7¢ fanee of Datteudane mmatter, Tuee

Butadeed partieles ju cachesample b wen teesesuped Dy ane o ot i
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filor micrometer. As mav be seen. the median size varies from 1 22
microns to twire this value. Fulton and his coworkers used ar
eiectrostatic precipitator to collect dust samples and calculated o
acerage value for the total distribution of fibrous and nonfibrons of
1.33 microns (3). The median size for particies less than 3 microns,
as deduced from duta given by these investigators, is approximatciv
0.47 microns. which is much lower than the values given in table 3
of this report. This difference can, probably be attributed lorgeiv
to the type of sampling devices used in the two investigations.

Tastr 3 =Suse frequency distribsition of particulate dust suspended in the a.v nr
asbealos textile plaats

Petcentage (rquraey of men TaNICIe Lite SPOUY
Crer 18 EUCTYGa:
Nature af prvese » he-py il:d-: "’""'n'l':;a
. X
e QICToes Orv.e- 0 03 1 1S 3 28 3 3 4 4
(oo e A 1M 1A t0 la W in I 16 o o ;
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Peetarstiun ..., ... | »n 18 3 21 T X o g ? | [ABY -] v 1r
Cara.nc e e e 19 187 1 v 2 2 . 18 4 s 1 3} 3 Jo
AMwwe siinosns.,,. ..., [ 1 0 1 22 » > 3 ) \ 1 o 1 e
Tewtng .. ...... e 122 174 8 W 20 e 8 4 N O 1 .-
Wiguing sHPamjelatt. ., [ 12 1 LIEEE 3 BER«odi [T) 1 N A ] . ] e
Waving vaiwso.a,. ... 34 brao 0 3 o e 12 T oty " I

In determining the length of fibers present in Owens saiuples.
photomicrographs were used. It wns necessary to use this method
of measurement because of the curvature and mntting of fibers in the
microscopic field. Tlis difficulty was overcome by USIng conipass
pointers and measuring each fiber visible across a given section of the °
photomicrograpl. The size distribution of fibers, classified by occu-
pation, is presented in table 6. The fibers range from as little as
microns (450X magnification) to as high a8 400 microns. The Media:
sizes, 28 nuay be seen by reference to the table, range from 7 to 141
Fulton's duta indicates (assuming all particles greater than 3 fusicrons
to be fibers) o mediun size of 13 mictnns.

TAule 6 =~ Midion iewgih of fbere sampied with an Owene jet apparutae

I
H
i Metan
‘ Aetwny 1 N'“"-:‘ !
I LLTE
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Wilk.aing <
Fuviay ’"
Cambing .. L o b
Ternine 1.
Wernrime thtus oo el

No aze frequeney distritaition watly reennd Lo the width of Bibeets

presentan the wir has been nuie in this studv. Thowever gt has bes
noted, with few exeeptions, thae the wilth of Ghers enllectyg |..\v ta



23

Owens jet npparatus was less than 0.5 micron. This is in agreemen:
with the results given by Fulton, who shows more than 7S percen: of
the fibers mensured by his projection metbod to be less than this size.

DULT CONCENTRATION 1X DIFFERINT OCCTPATIONY

In earlicr studies of the dusty trades carried on by the Public
Health Service, determinations of the average dust conceatratior
have been of great value (1) in describinr the working environment,
(2) in making comparisons of the effectiveness of different methiois
of dust control, and (3) in relating heslth conditions to dust exposure.
In thi: study 242 impinger samipies were taken and counted, ard the
results have been classified by occupation in tables § to 18. Eacl; of
the occupations carried on in nsbestos textile factories has been dis-
cussed separately in the following section and data for the entire
industry have been brought tugether in table 19. In thi~ industry
there are relatively {ew occuputions in which workers do two or niore
kinds of wor's which expose them to totully different dust concentra-
tons. In such cases the several exposures have been weighted ac-
cording to the average time of exposure.

For exampie, i plant A, willowers are encaged in the fullowing
acuvities: willowing, 3 hours; picking, 1% liours: storaze-rooin woil;.
1': hours. These activities are sasociated with exposures of 2.3, 36.3,
snd 16.4 millions of particies per cubic foot, respectiveir. Hencc,
we moy tanbulate exposures as follows and calculate o weighted
gverage:

Tants 7 =—Duast ezporure of wilower, plant A

! Tume ot o | 1 Stillwnar ot

: Avsurrdust | pariere

| Aruvity (ours pev 1t -y oy e

| eap (MPPC | ourcomt

' I L] [ axs :
1) 13

1ty » ) M

1", "4 f nal

L] sstecesenrens. 'Y

‘80 V1O LR Vet I A alTs (o PriR huil
L, LV 2 ]

=113 Mmilvd (AT i (ot g bert

The averare Jdust count of the 10 samples in the above table, ealei:.
lated without rezanl to the duration of exposure, would he 17
tlhion puriicles per cubte foct,

Pro paratoon == Prepuration includes the oecupations of erusherinen,
willowers, mind pickermen.  In plant B, these three oeenpations were
rotducted i the sume o, wlile in plant A only ceushers and wils
Ivwers worhed togethier, Pieking (incloding piling, i the Lot
Plant, was done 1n a sepnrate rovin.  The dust epxolres are i
cated in table S,
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TanLE B.=Tlust exposure of vorkess su the preparation departueen:

Nuymher af Dust emnevs.
' Occupsiea | Emres tratsen .
: wyrn 0nrech

! Crunermen .... i 9 - 3343
Willus ers : bl [ YL N
Pireactmen - ... W0 M

¢t Weighind ¢reraae.

L]

It will be noted in table S that the erushermen’s exposure is relativels
low. In the plants studied, this work was carmed on neur an open
door. ljowever. it is doubtful that this occupation generates the
qnantity of dust shown in the above table. Itismore than hikely thas
willowing and picking (and even carding) contribute to the dust ex.
posure of crushermen.

Willowing of crushed asbestos is not in itsel! productive of much <
(11.1 million particles per cubie foot). Only when wasie roving amd iiv
fromevelonecollectorsarewill wed dnes the dust conntinerease.  Dust
counts as high as 99 million particies per cubic foot have been obtaine:
with flv. A continuous source of dust productinn results from the
manner in which willowing machines are fed.  The material to be
willowed is raised waist high by pitclifork, causing considerable spiliin g
Willowers also operate shaker screens.

A pickerman performs several kinds of work. This is especially
true in plant D, where pickermen not only assist in piling (miving
of cotton and asbestos), but nlso aid in stacking the material biown
from the pirker machine into stornge bins. This last.mentioned
petivity produces dust concentrations ranging as high as 211 aillivn
purticles per cubic foot. Pickermen usually work in pairs and alte:-
nate in {eediny the picker machine and tending to the storage hins.
Piling is done by both workers togetlier and contnbutes to dust coun:-
averning 16.2 nidllion particles. .

Picker machines, like willowers, are fal by pitehfork, n methini
which produees undesimble dust.  This is true even where picker ma-
chines have huwnled foeder hoxes,

The picker machines atudiesl were espuipped with oil spravs, pre.
suinably to hold down dust.  The inelfectiveness of this method! o
dnst control is shiown by the dust counts whicl exeemd 30 million pa-
tcles per culbsie oot of air.

Curding —The brushing and combing of ashestos and cotiong tiber
mixtares by canlivg machines  erentes  eonsidershle st Tl
cardingz action is «uch that «mall cobs and line tele nllicrent to 1l
wsbestos gibee are theown sto the air, This elfect s neventuated be
the fan action ol the brnshes.  The granalae il nontibrous AP -

anee of the s prresent an the e ol canding toone- has beco sl e,
fizare 1V,



L e eem e -

27
The exposure of workers in carding rooms is given i table v

Tanrtr 9.— Duet exposure of workery tn carding deportment

.Nurerwr of Duer con.
Occuimiwon . BAMPEs  CPAITItAL
' ke tNSPPLUF

Carners and tenden. ... .. )

PUOCKEWES ‘eccvnencrcnccnn N i '

N4
-—

! Woighted svrvage.

The average «dust concentrations in both plants A and B were
similar.  Counts as low as 6.4 million particles per cubic fuot were
wbiained for some carding operations whiere machines were operate:
at a relatively low speed and as high as 139 million particies for hizh-
speed operations.

In the two plants studied which curded asbestos—cotton mixtures.
all equipment wns hooded and exhausted. Unier the methods of
vperation, which required accessibiity to the machines, conipivte
enclosure was impossible. Cousequently, exposed brushes. revolving
at high speeds, often nullified the etfect of the control system.  Nur
could air iows in the exhnust system be incrensed sinee a consuicrabic
amount of voluuble fiber would be druwn from the brushies and tiu:
would reduce the weight of roving to an undesirable extent.

Spinning.— Both mule spinners and ring spinners are cxposed to
similar dust concentrations. The range shown in the foliowing table
(table 10) for each occupation is probubly due to the presence of more

spinning and weaving equipinent where the dust concentration is
higher. .

Tastt 10.—Dust erposure of workere tn mules gndd ring-epiaming oo purs toery 1is

f

. Xumtwr of | Dust e
Ortumina mmnam | ereirninn,
Lahan .l)ll'l'l')'l .

Mute spaninime. .. .. ..., . 1} : et

King sywnesne .. .., ..., .. [F) b I LI

Mulesspiuning operations require considerable space and are gene
ably separated from other activities,  On the othes leusd, ring ST
i~ done in close peoximity to rpooling uwad twisting atd 3t is possdiie
that the dhest emuats are inlluenecd by these operations. The reanlis
sbtated Tor nude spinnang eheek with those grven by Fulton ad das
vowarkers (4).

Spoeding, twistivy avd winding —Tlhe equipment e these apnera.
tous 15 zenerally grouped tovether wnl thesefore iU 3s dithoale ao
ehtanm w clear-ent estimate of (hi- gt of s produeced by eadd,,
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The sverage range of dust concentrations in plants A and B are shiown
in the sccompanying table (table 11).

Tastz 11 ==Dusi czposure of workers in spooling. tiwristing. end windrng depotavents

S Numher Dust rop- .\'ﬂ-:l‘lhn Trust eag.
Omuhon tentratioh Oewnuon : [ 2 2.
LT Tl C MMmples .
tegrg MPPCE. tares < MPPCF
A 32131  Rovise windem . ) a
3 b ] 32432 Yers pecgers., 2 [
Univer«ai wiguens..... [ L4+30  Yerstremien.. 3 1%

Of 1he occuputions listed in the table. twisting appearcd to con-
tribute most of the dust in plant B and to influence the exposure of
spoolers and ning spinners cluse by. Twisting frequently praducwi
coucentrations of over 20 nillion particles per cubic foot uf air, vet
counts below 10 million particles were not uncommon. Twistiny
involves a considerable amount of fraving and when Jow-erade
materials are used, the dust production is increased.

Winders and varn packers are exposed to Jower dust concentru-
tions than spoolers and twisters. Here sgain, bowever. because uf
the proximity of the latter dust-producing vceuputions. the smount
of dust actually generated cannot be estimated. It is hard to con-
ceive of such operations as roving winding and yern packing producing
much dust.

Broadcioth wearing.—The dust created during the weaving of
broadcloth depends upon the number of warp threads per umit of
width, the quality and width of the matenal woven, and on whetlier |
the operations are conducted dry or wet. I! the warp threads are
close, the {raying action which takes place during weaving produces
& considerable amount of dust. With some looms the dust conecen-
teation was found to exceed 140 million particles per cubic foat.

Average dust counts obtainel during wesving operations are shown
in tahle 12,

Tante 12 —ivet rrpocwn. of warkers grsocrated with draadciu!h ircaring
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periods of high and low dust concentration. On the other hand.
Weavers must poy close attention to work and ere subjected to lieavy
exposures while the looms are in operation.

Tbe dust counts shown in table 12 for weavers and helpers illus-
trote the differences between dry and wet weaving. Both drv ond
wet wenving are carried out on similar looms in close proximity.
However, operators are interchongeable and are not specifically
dtesignated as dry or wet weavers. Uuder such econditions, it is ine.
possible to gauze the actus] exposure of o wenver. The low count
of 4.7 million particles per cubic foot given in table 12 for botl, dry
and wet weaving is for o small plant with one dry and one wet loom
in operation side by side. The higher counts are for n lurger piant
manufacturing ali types of broadcioth and at the time of the survev
huving from § to 12 looms in operation.

In view of the high counts obtained duting broudeloth weaving. it
would be expected thut creclers are exposed 1o comparablc concentr..
nons. That this is not the cuse, however, is indicated in table 12,
With all looms in operation. us is frequentiv the case. the counis
mizht conceivably he higher. The sune is ulso true of in<peetors.
calenderers, aml cop winders who work in the weaving department.
These occupations do not praduce lnrze amounts of ust.

Tape, wick, and bdrake-band wearing.—Tlhe ust exposuzvs [or Lape,
wick, and brake-band weavers are indicated in table 13.

Taneg 13.—~Dust exposure of vorlers essocigted with tape. wick, and broie¢barnd

veaning

: N-mmdl Duit eop- l
Oreutaime WmEnry | arnieaiwn )

' st mrrcr.i
Weavyr itape anil weet),, " 2 |
Weavers 1oruse tmni)...., 13 4700 ¢

| Crevwn. . ................ 3 temn I
i Camooerrrs..oee.......... 1 dé |

It may he scen from this table that tape, wick, and hrake-lininc
wenvers nre exposed to lowee dust concentrutions than Leawdelath
weavers. Exeepting certain types of hroke hands, the fraving of the
warp threads during weaving is not as ereat as in browdeloth weavine.
liowever, with heavy heuke Lands, sucl as nre used on trucks wil
bosting machiery, the dust voncentrutions heconte hizh anld con.
parable to those obtajed in broadelath wenving,  Itisin the .
fueture of such bruke bands that creelers are exposal to counts of
203 millions of purtieles per eubic foot of uir. Culeierers, heinge at
sote distanee frony the looans, lave n low expomare.  The dust counts

ubitrined for the tvpe of COving here disettssal were consadent in all
four plints studied,
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Cord. rope, and breid working.—Qther nctivities found in the
asbestos textiles piants nre concerned with the manufacture of special
products, such as cord, rope, and braid. and in treating and finishung

yarn. These operations produce little dust as may be seen by
reference to table 14.

TanLr 14.=Dust czpmure of woriers warufacturing and fnigking apocent
products

LS
Number of  $hust ono.
A ARTTE TR, 1 sempis PAITALIN:
¢ taheD MPPUY

Court rore  and Mand widaets.
VYarntrsiees .,
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The equipment used in mannfacturing these procducts does not
uperate continuousiy.  None of the operations of conl making. rape
nuking. or braiding requires full-time personuel, snd a smali ceonp of
wotkers perform all these jobs. The highest dust eownt (102 in
t. > 14 1s for braiding. The counts obtainsd for yarn treaters ate
i aenced by the operutions undertaken nearby.,

Brake-band finishing—This generntes little dust. In the plants
studied. finishing operations were conducted in sepirate £00In< o
buildings. Dust counts are sliown in tuble 13.

Tadte 15— Dust erpasure of vorkers manufacturing finsshed brake-band hining

YNumber | Dt eane ! | Sumavr  tiger e

Occuruinn W mmiw~ @i o Occuiming P TN N N
| tacen [ (MPFCH) l! taned (ML),

I
Troaters sud druvs I ) 13| Covrers st drtere.. . ) £
Caletuirery. ... ] Lot Dewnenen, . ... 00 vees ] + s
Geanawrs, 00D | 1! )l Conen L0000 creeremnant ) 1

Workere employed in the occupations listed in this table are eXporsed
ta dust which differs in composition from the dust found elsewbere in
aslwstos teatie plants. This s beeanse the dust generated by
erinders, cutters, nnd drillers of treated stock i» miade up of resin,

asplisltum, asbestos, and metal. (See attalvtical pesults for ~stinple
11, table 2}

Misertlurenns weengatione— iy ailition ta the gronps diteetls

cancerned “i_lll the nmanfucture of textiles, 8 consideribiv nundwr of
workers (enziticers, senera) buborers, clerks, und saperintendents) e
enzazed 18 other acdvities, Wit the exeeption of certain forcmen,
thoese wWorkers are exposes] to low dust evncenteationy.  The data
presented i table (o FEQUITE B rotsment.
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Taztz 16.=—Duat exposure of mireriianenus grovwps

l"“‘:w; Dust ron- + tos ’ 3'\":°'" Dt e
Qecupntion ? mpirsuoen Occupn ceenrezc =
mnoes | wmnles .

I taxen | (UPPCT taxes jMFET
Fanowers....o.ocicecncnas :1 1.3 \‘nenon...................; o
[abtwwers.  ooiieiiioacannna. 2 P Fidemen s(saBt.. ... . (=
Noatenmen. . . ..oivnenronn. ) 1: 32 Surwriotedveots o, .. 2 RN
SMPPIg TR cavee.tienan ’ 1 32 Clthbueecccscvecasascanee. 2 02

s SaEmples and PINOUITS drpend G 160 SLTITILS With WACH LDEY ore aswriated.

PRZVIOUS DUST ZIPOSLRL

Tlie dust concentrations discussed in the preceding paragraphs
ropresent present«layv conditions. The officials of asbestos textule
plants have in recent vears attempted to comtrol the dust hazard.
In the plants studied, efforts have been nade w exhuust preiving,
carding, und brake-band grinding machines. (Anoather plant. wlien
will be discussed later, has extended the use of control equipment tc
nearly every dJdusty operation concerned with the manufacture «of
nshestos textile- * A knowledge of the exposure of workers prr
to the introdur - n of control equipnient is umportant in correlating
clinical findings 'with dust exposure.

In order w estimate past exposure, the air flow through various
hoods ettached to carding machines in plant A was shut off for 2
hours. Dust was allowed to accumulate for 1 Lhour prier to sanipline.
The dust thus generated caused much inconvenience to emplovees in
the course of their work. For this reason, permission to shnut off
exhaoust cquipment wns not granted in otber plants studied. Carduig
machines are sensitive to slight air movements and are consequentiy
difficuit to regulate. Ouce they liave been adjusted, sny externul
disturbance affects the weight of the roving produced.

The dust counts obtained under conditions simuluting those prics
to the instailation of the exhigust system are shown in wble 17, Fur
cuntrast, present exposures are included.

Tante 17.=Dust eninta swhen econiral measures are weel amil when (hew @re nat 0 e

.a

1 At (LI B Lohemee e,
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; 1 ' i
e termen. e ' . LY i waAme s in e
MWollig e . 4 . 1 Mine sjunter  *aietire
Trnirmen.. .. e e e - . YW ceed Fa. o RS L
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Tlie Inw eonnts aditained for the PECD RO Jemtenod Yudoon candens as

due to e puthtion wloch separates them from the eatding e
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“Mule spisisers are located iinmediatelr bevond tbiilpanitiou. and

the dust count shown is due to dust which bas possed through an
open door,

- Turee dust samples obtained in the carding room 1 hour after the

exhoust fans were shut off gove counts of 77, 73, and T8 million
particles per cubic foot. At the end of 2 hours a sample token in the
same room gave & count of 61 million particles. = - .

No major chaoges have been made-in plants C and D since the
start of operations. The dust counts made are essentially the same
os those which have always existed. On the other kand, no datn
ure nvaiable for past exposures in plant B. This failure can be
attributed to several factors, but principally to the gradual expencion
of the plant with the growth of the industry, which increased the
amount of equipment, and the changes made in recent veurs with the
exlitust system. Tle first of these {actors appears to have sffected
all operotions conducted in the plant, while the latter is restricted to
the carding and preparation departments. In addition, it mav be
pointed out that plant expansic  1as tended to increase dust produe.
tivity, while the introduction ... exhaust svstemis has reduced it
Hence. it mav be assumed thut the exposures of all occupations in
plant B following cnrding were probably higher during the studv
than prior to expsnsion. It must also be remembered that more
men lLave beer working siace the introduction of added equipment
than at previous times.

INTERPRETATION OF DUST CoOUNTS

Tle aversge dust concentrations just discussed make a satisfactory
meosure of dust exposure for most purposes, In correlating medicnl
findings with dust exposure, however, it is frequentlr advantagrons
to cxpress the dust exposure in units which combine duration of
exposure with svernge dust caneentration, An eusily ealculated

‘deseaptive value was develope! during statisticsl anulveiz of thie

results of an engineering and medical stinly of unthracosilicoas (511,

If 0 worker's dust exposure hus been unchamend for all peactienl
purpenes dunng his period of emplorment the average dust connt
(i million partiche per cubie foot) is multiplicd by the duration of
exposnre in vear, The prsluct is uaed as o numenieal messone of
his tornb dust expomure, 1t o worker has ehanpei bis ocenpation (il
in saddoine has clhunged his dust exposure appnviubly) v enlrufation
such s the one whown in table IN 18 muie.
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Tasir 18 —=ZFzample showing the methont of compuiing the dest exposvre of artestos
tertile workerg !

' . )
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MO M ° Pyt et - Ters
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m-;‘-“"c"i fwer
3. 23 nes
2 t 3 | 83
3 24 L2
? eenrenans 1 a3

' Plapt A,
1 Prior to inarellstion of e1baust syyem.

a0 1 millinos of Tertsci-veurs Jor euhe bt
v

Weghted due o2 -
ijymn

® 0 anltng partscws ooy eyPer he ¢

The worker whose dust exposure has been alculsted in table 18 would Le
axstgnied 8 value of 280 million particle-years in tabulations in which. for the sase
of simphienty, it was desirable to have a Ope-term roeasure of dust exposure; tabie
42. for examiple. When average dust conerntration and duration of exposure arc
1o be tabulated scparateiy, as in table ¢3. the Individuai desetibed in table 1%
wainid e sesigned & dust concentration of 40 million - - macles per cubie fuut.

TME CONTRBOL OF ASSLSTOS O -

The control of dust in industry often entuiis many practical ifh-
culties. These difficulties pertain chiefly to the handicops inmpused
by control equipment upon the performance of the work being done,
and in estimating a prion the air volumes required.  Both of these
difficuities are inherent in the asbestos industry. The arrangenient
necessery for removing dust from caniing machines and froin loowms.
which demond accessibility to all parts, is self-evident. Added (o
this requirement is the limited information available with regard to
suitable design of equipment for each dust-producing source and the
tequisite air volumes. Thue latter item is most important in the di<iyn

-0l hoods for eanling machines. inaamuch: as gir velocitics tust be kept
~"telatively low in onier to prevent the asbestm-cotton mixtures frun
heing subjected to air currents which convey them to the exlinust
svsteni. AU the anine time, however, the velcitios choven must e
tdequte to maintain the dust below the wafe of thresiold limie.

The dust<contrul dntn contained in the following paragruphs e
hasel o olervations mnde in two plants included in the present
study wnd on dota obtained elsowliere by Assictunt Public Heaith
Fuogmneer Riehuel Prge (7). The duta Presented inelinde operatione
for which contrul miethinds Linve been developedd.  Ti alidition, the
tvpe of eontrol sguipment yeel i Enpland is discresedd, slthongly na
values pertiinting 1o mr ruirements are avatlable in thic instapes,

TRLPANATIAYN DEFPANYMENT

The dust eonnrs Presented enrlier in this Bulletn for the peeparation

departiient apply 1o mieonteolled eonditions A very dnzh ddewres

.
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of control can, however, be effected under certain conditions, espe-
cially as regards willowing (opening), piling operations, and picking.
The crushing maclines in the plants studied were not exliausted cr
segregated. In Engiand, on the other band, it is customary to enclozes
and segregate crushing equipment while it is in operation.

Willowing (opening) ~Willowing machines are often productive of
high dust concentrations (36 MPPCF). As has been previously
mentioned, this dust is caused both by the monuai methods used in
feediog these machines and by the action of the machines themsejves.
Consequently, a reduction of dust cuncentrotion max be obtained by
using o conveyvor feeder which eliminntes Teising materiais to waist

- P

T a
LA St L

FIouURE 1S X mausTED Priires Barey,

levels with forks andd using an exhaust above the feeder Lox and hofow
the machine housing., The willowed muterial whoulil, ol conre, o
pucumatically conveyed to a suitubie big which is segrysutel frum thhe
prepmtion roomn.

In the case of twa nachines cquipped with exhaust, it was form
possible to reduce dust roncentmtions 10 4.4 MUPPCE. The esliorel
hoenls Joented above tie feeders drew 400 CEXL while the downwirag
eshaust below the willower hounsing ¢l
225 CEM A0 600 CFM, the Tuuter aip

(e iz 4 The air hamlled by e IMeUREHIE convesor was ] s
CrAL ]?ur the el aeter duets usd, this ot s L oy,
arr velocity of 2 70 feey PET thinte,

ew amaunta of air ransinge fnun
Now beings twsd on Iy willower
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Piling.~Piling operstions are usualiy conducted close to picking
machines. The dust generated by this operation may be effectively
~ontrolled by using small exhnusted compartments or bins. Compait.
ments constructed os shown in figure 15 and handling approxinuateiy
1.023 CF)M of nir reduce the dust conceatration from sn average of
20 to 5.4 MPPCF.

Englishi practice in piling consists in using exhaust mnnifolds close
to the niuxture being made (fig. 16). Air volumes are not availabie for
the trpe of exhaust shown in the fizure. The metl:od nppears to be
cumnbersome and to interfere with the process being ~nrried on.

Picking —The exhoust control used on picker machines is partiy

FIGURE 16.~EXHAUST VENTILATDR USED POR MLNG OFRATIONS (BRITiSH
PR e .
shown in figure 17, One Liood ts connected nt the fecder pnd and one
at the discharge end.  The center portion of the pickher is nbso exhansted
(not shown an fizure).  With this tepe of arranzenwnt the dust con-
centration avernges 6.7 MPPCE.  This value is considerahiv Laver
tlan found amonge uncontrolictd equipment which eseeeds i naany
in=tances 74 MPI'CYL. |
1t was found that hoods above the feeder hunidied 500 CINL. the
downward exluavast nt the eenter measured 1,620 CENE at the dieebons 2o
end the ver How was 130 CEML Preumntie conveyrars altae Lied Yoo the
dirlisrze end of wnie of the prekers Jmndled 2,000 CENL Fhese
Jucts were l\|)|\r(x\llllullt~|)' 12 anches e diameter, this provading e
eNNVeVing \vlo«ﬂy of 2550 lm:l pef manute.



. e ————— - o

36

It is possible ws: special conveyvor belts operating between 1.
asbestos-cotton piles and the feeder niiver thnt the dus: copcentratio,
might be reduced below 1
value of G.4 MPPCF, indieatp
above.

CARDING

Two types of dust-contrc
equipment are nt present use.
on carding machines. Tl pr.
type consists of a hood whiel,
located dircctly ahove the ey
posedd brushes of the muchin
(fig. 18), while the secon.t .
FIGUAL 17 —SCmEmaTic DRawing oF Ex. 1S totally 'nr?o"d and ey

NAUST SYSTEM USED Witk Picxge hausted at varioys pomnats :f_

Macrine. ) 3). Studies mude of the fir.
t¥pe of exhaust systems showed n peduction i, dust concentrnt,
runging frum 72.3 MPPCF when o ventilation was applied to 2.
with ventilation. The air .- S

‘ \\\.."’_ -‘

tlow for encli hood usveraged - -
§70 CFM, which corre-
sponded to siv gir changes
per bour in the room in
whicli the cards werelocated,
It may be seen that the type
of hood and the uir flow used
reduce the dyst concentra-
tion to approxiniately one-
third the sniount created
without ventilation,

The sccond type of ex-
linust svstem uned prorved
more effective than the firse
in reducing dustiness, The
dust eoneccntmiting thetermie
el frn BuBern winples
vanzed fronm | million
il per eyhi, foont,
Tlas high degree of “dust
removal wys oecmnplislied
with un DTEARCMent similar

<2 s
ta thut ilh“r:tlml m “:.'lll'(‘\' Frcune 1 —VERTICAL Exmauge VENTILation

APPLIED 1O an UNENELONED PRImany Cang.
10 and 20 In the primane ING MaCming

eard, honds a g iebaree npyward.  The duet e elivists frng 11,
bevtuin af ()0 o,

.l'lu' -m-"n.[;.r.\' nwe 1«0\il|’_‘ eated s hv---iv.‘ al

.
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near the center of the machine. Tle openings d, f and f° are locate
at the bottom of the cards and exhaust the bottom fly which accumniu-
lates. The air volumes exbousted by each opening are indicated in
the figure.

In addition to careful enclosure of the macline proper in the second
trpe of system used, the feed box is carefully covered.

FIGURE 19.=TOTALLY ENCLOSED EXHAUSTED PRIMARY CARDING MAaCHinE,

The design of an exhaust system for eanling inuchines is rendered
exceedingly difficult owing to the ease with whiel canding materiul
lenves the rolls. High air flows may seriously affect the quality of the
roving produced. Likewise, s poorly constructed housing may ereate

eddy currents which may prone
! botl ‘ste
Zi < A thersome, Any svstem e-
- - velopund requires carc and exper.

iment in desiza.
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Ty vﬂ"_-,=TF, ' i an e
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The stust geneeated Ly sl

ing wperutions mav be ineen-

CLOON LTS YTTO N (Mazries iousty contpdlsl by 0 svaion
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iserted and eshanaaed s,
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winders (200 sponis) epety
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aggregate of 9,270 CFM or an aversge of 6.5 CF\{ per cone. Tl
dust concentration aversged 2.9 MPPCF. Without the cone svsian:
discussed above, the dust concentration for the same operation was
13.1 MPPCF.

Twisting machines are more difficult to exhayst locally thyp
spoolers.  Figure 22 shows o system which has been Partly completey.
It consists of exhausting the lower section ol the twistng machine
by extending & duct with openings along the entire length of the
equipment. Each system sttached to the machine js intended to

R——

Fiaung 2 —=ExmnausTeD SROOLING FRAME.

exhaust 1,670 CFM . Dust determinations to establish t);¢
ness of this system could ot be made owing to the fact that

of 10 twisting machines was equipped with exhausi and
obtuined were uffected by uncxhausted muchines operating

effective-
only one
e Cuounts
CIUH‘ h.\‘.

WRAVING

Any svstem developed for remaving
looms represents the aceomnplisbment of ane of the pieg AN IHINT,
operutions encamntered 1 the desigy of exhaust equipment. Niver.
theless, this Las oy, done clleetively Le
England,  The American seae
and 24 consists of 4 downwurd=traft hen fittinge eliwe to 11
rack of the loom uned womoval
o the surface of the
to il fem iy
Tl boai Is (21173

dust penemiedd by vl

uh e dhis COuntry gl gy
m shown sehematically in gy e, i
woshottle
e npper exdinist o] which uper ..
wOven muterid. The lutter fuwsi IS aetn g
the wetion of the Joonm bov 1o whicls it i oty

.'ll"u'li
eeted t the gy

st et by truns uf L SNTRN
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air ticht joint. Both the downward aud upward exhaust hoods nre
DarTow end possess the sdvantage of high opening velocities. Tle
upwanl-draft hood connected to the Joom lay is segmented. Euch
hood used. ss indicated in figure 24, handles 1,300 cubic feet of air

per minute and reduces the dust concentration to an average of 0.7
MPPCF. The system
ts thus extremely effec.
tive, since on uncon-
trolled looms the con-
centrotion averages
10.7 ond mav exceed
140 MPPCF.

The Engtish method
for exhausting looms
ditters consilerably
fromy Amencan pruc-
tice.  In the former
svitem all parts ere
stationaey  (fie,  23).
The lvons are exe
hausted upward by
Loods located in frout
of the operator and
resting a short dis-
tance away from the
lay. The hood eon-
sists of two parts which
nay be turned back
whenever repairs to
the loom are neces-
sary.  No data as re-
grrds oir velunus used

i this tvpe of equipment or its effectiveness in reducing dust arc
available.

darx Jetan?

-~

3 n ‘“.\&

FIQUASE 32, —EXNAUSTED TWISTING FRAmE

INSPECTION

In some plunts, asbests cloths are brushed daring inspection
The usual proerdure consists in brushing the eloth feom nbove an
below s it puese< over thhe incpection table, An inspeetion Gable o
this tvpe with exhauat Dioods 13 sbown in figure 26, The howlds v
are located near the elotl brushes, and extends the full width of th
cloth exanmined, They ace, however, only onehinlf ineh 1 widdtl.

A sty made of an invpeetion teble sueh a3 disenssed sbwng
sucdiented thut twae Juwis lwated oneerthes sade of the eloth Ll
uppm\inmtol_\' TR0CFM cacle A tlard Lirncdi ond Tissd fon ated

.
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the jock spool at the end of the inspection table handled 192 CF\I.
These Lboods reduced the dust generated {roin u value of 11.1 when no
ventilation wes applied to a value of 0.5 M PPCF with ventilution,

’ SUMMARY OF YNE STUDY OF TME WORBKING ENVIRONMENT

The engineering dota contained in this report are based chiefv
on 8 study of four asbestos plants. Data on dust control metliais

live been secareil in the ¢

vure of & sepnrate stidy wndertihen in
tilrh |)1.’Nn!. Tua ol the

four plante vestignted were engaged i
the manulectuns of aelweston festibs dimetly from riw crvetibe
(Catndann) nshes o nveiveyd in ot e, The LN T

\ . . o,
plante TN Apeniions wirh, Fam reervd from other soseces gl
were concerned anlyv w ), the Mnulueture of salaston, Lgne. brand

ur brahe bunding g with thege SR tinent
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Dust concentrations were determined by means of the
technique using light field counting. In alil,
were taken 50 as to evniuate the env

wupinger
242 impinger sarupies
ironment of each occupativn.
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Tlie number of workers employed, the number of dust samples tnhen,
»nd the dust concentrations determined for euch occupution

are
hresented in tnhle 18. The concentrations range {rom v

alues of 0.5¢

foe elippers yo 0. fies
SPIS exermding
vardine and we

hoas S48 MPPCF for pirkermen
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Tanzx 19.~Cccwpational dust exrposure of warkers 1 féur aabestos testile plans,
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The chemica]l and petrozraphic annlyses of dust ammples wer,
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filor micrometer attachment to a microscope (for messuring the sisp
particulate matter), and (3) with phozomx'crogrnphs (for measyr;;
the length of fibers). This study showed that the Fatio of fihers
particulate marrer varied considerably from » maximum of 2g pe
cent for weavers 10 g minimum of | percent for crushermen Ti
median particle size (exclusive of fibersi was Approxinately |
microns. The median fiber length varied from 7 to0 16.3 ticrons. N
distinetion could be made between cotton and asbestos fibers, v
In most of the plantz studied tiye contrul of the dus:t hazary wi
limited almost entirely to provisions of exhaust svstems for tle eardin
machines. Dara. liowever, are availnble to indicate the eflectivone.
with which the dust problem can be handled iy an usbestos texqy;
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