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A STUDY OF DUST CONTROL METHODS IN AN ASB.ESTOS
FABRICATING PLANT

By Ricrarp T. Pace, Assistant Public Heslth Engineer, and J. J. BLooNTIELD,
. Possed Asststant Sanstary Engineer, United Stoles Public Health Service

An extensive medice! and engineering study of the health of
asbestos workers has been conducted by the United States Public
Health Service (§). The material contaived in this paper supple-
ments the general study with a detailed study of the dust control
methods used in an- asbestos fabricating plant. It is a report on
present conditions and how they have been obtained and is presented
as an example of the results of the application of scientific methods of
dust control. These data should be interesting not only to the
asbestos industry but also to other industries having similer dusty
processes.

The plant studicd has only partly completed an extensive dust

" countrol program, and conditions are being improved continually;
copsequently, these results should not be interpreted as representing
the meximum possible efficiency in the control of asbestos dust, but
it is believed that they are representative of the best practice in this
country at this time. The dust control systems in use with the vari-

-ous processes in each department are described. An occupational
analysis of employees is presented, with a comparison of the atmos-
pheric dust concentrations associated with controlled and similar
uncontrolled processes.

FABRICATION OF ABBEBTOB TEXTILES

Asbestos is the class name for several different fibrous minerals,
but the asbestos of commerce (I) is mainly the fibrous form of ser-
pentine known as chrysotile! Due to its fibrous nature, flexibility,
and heat-resistant properties, asbestos fiber finds many practical
applications. One of its important industrial uses is in the manu-
facture of fire-resistant textiles.

In the plant studied, practically all raw material was crude Canadian
or South African asbestos. Some imported short fiber was used, as
well as some of the short fiber salvaged in the recovery process, but

amost of the short recovered fiber was shipped to other plants. Signif-
Jcant vaniations in atmospheric dust concentrations due to the grade
of fiber being processed were not evident in controlled processes in
this plant. Consequently, the type of fiber used bas not been con-
sidered in the analysis of the dats. Each dust controlled process
tended to decrease the amount of dust generated in subsequent

1 Chrysotlls 1s 8 bydrous magoesiom slicats (HMpSLO0w or TH0-3M¢0 -2510y) contalnlng €4.] pa-
et ailica, 3.0 Percent magnesis, and 12.§ parcest water. Gtber types of ssdestos often cvatain stlicaies
of 108, caldum, and slumicnn a3 wall as magneiam ().
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DUST CONTROL IN AN ASBESTOS PLANT

IR IRE VI A

processes. These factors must be considered when comparing dust
concentrations reported in this plant with the dats which have been

reported for other plants.

Approximately 300 persons were employed in this plant, of whom
180 worked in departments having s potential asbestos dust hazard.
This study was confined to these departments; namely, preperation;
carding; spinning, twisting and winding; and weaving. The occupa-
tional distribution of exposed workers is shown in table 1,

TanLe 1.—Occupations and dual exposures of workers Sn on cadestos texiile plant

Occapstion
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9 8ampls after } bousr's operation without exhaust,
Joading

$ 8ample taken loglde blg dering

METEQOD OF BTUDY

This investigation included & study of atmospherie dust concentra-
tions in the factory workrooms and a study of the exhaust systems

used to remove asbestos dust.

Eighty-two atmospheric dust samples were collected at the workers’
breathing level with the impinger dust sampling apparatus (8).

- Sixty-nine of these represented present working conditions and 13

represented conditions while exhaust apparatus had been turned off
for 1 hour. A collecting medium containing 25 percent ethyl alcohol
in distilled water was found to prevent flocculation without csusing
excessive evaporstion in either the sampling ﬁesk{or the counting
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- : cells. All semples were counted the day after collection. Owing to
the low dust concentrations encountered, most of the samples repre-
sented the dust ip from 20 to 30 cubic feet of air. Ssmples were
diluted with distilled water and counted according to the light-feld
technique described by Bloomfield and DallaValle (3). A micrometer
eyepiece having an eograved square squivalent to ope-fourth the
stapdard Whipple square was used in counting. Since it is customary
to count only ons quadrant of the Whipple field, the same volume of
sample (0.25 cubic millimeter) per field was counted (7).
The quantities of air removed through the various exbaust systems
_ were calculated from pitot tube measurements of center-line velocities
. in the pipe lines (). Average exbaust rates per process sre listed in
table 2 and discussed a little later in the description of exhaust systems.
Entrance velocities at open hoods were meessured with an Alpor
velometer and checked with a vane anemometer. Most of the boods
were of the enclosed type designed to exbaust only enough air to pre-
vent the escape of asbestos dust into the workroom. Where individual
measurements were impractical, air volumes exhausted through each
hood were calculated from measurements of main-line velocities.
" Whenever differences in exhaust volumes were noted between similar
hoods on the same operation, the average value is given.

DEBCRIPTION OF PROCESSES AND DUBT CONTROL MEABURES

Asbestos is received in burlap bags containing 100 pounds of fiber.
Cotton is received in standard bales. . Thess are the only raw materials
used in the preparation of asbestos yarn at this plant. Unloading,
storage, and transportation of the packed raw materials were not
hazardous occupations. The progress of the matenial from raw fiber
to completed fabric is shown by means of s fiow sheet (fig. 1). Indi-
vidual processes and the measures for dust control are described below.

PREPARATION DEPARTMENT

Crushing.~—Some of the asbestos fiber arrives at the plant as “pre-
crushed’ fiber, but most of the crude fiber has received no treatment
other than mining, sorting, and screening. This latter type is hand
dumped from the bags inte rim-wheel crushers and crushed from 5 to
1§ minutes. These crushers bave two heavy rollers attached to a
radial axls, snd revolve on a smooth-surfaced tray in which the asbestos
is placed. During the crushing, the asbestos fiber is constantly
stirred by revolving scrapers. After being crushed, the fiber is
replaced in the bsgs snd carried to the asbestos opener. Crusbers
were not enclosed or exhausted in any way, but the general ventila-
tion in the preparation department was sufficient to prevent high
concentrations of dust near this operstion. Crusher men had res
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RAW MATERIALS RECOVERED MATER!ALS
COTTON CRUDE MiLL ROVING | {ICYCLONE A | {BAG HOUSE

ASBESTOS | [ASBESTOS | WASTE SETILING WASTE

CHAMBER
% WASTE
CRUSHERS

Y K h ~ L
COTTON ASBESTOS OPENERS ROVING VIBRATING

OPENERS & VIRRATING SCREENS [REOPENER SCREEN

Y
pod )

ERS I Y
|MARKET l

8TOCK BINS
{ CARDING DEPT.)

4 Y
l—[ WICKING GARDS ] ROVING GCARDS
TWISTED CORD
MACHINES {muLe spivners]  [ring spinners)
y < v
ROPE TWISTING FOSTER WINDERS
MACHINES . ( SPOOLERS)
. N : I—
Crim. TREATMENT & [cmw WINOERS ] TWISTERS ]
BRAIDING DEPT. v —
X |
‘L-o-o'“"s- UNIVERSAL
WINDERS
d
CHE M TRE ATMENT
RUBBER 0EPT |- iNSPECTION!

N 4
J_MARKET te
| NSRRI b

NOTE: UNDERLINED PROCESSES HAVE OUST EXHAUST BYSTEMS,
 al32 34 !.w?:pasc fow-abeet, sadestos taztle plant.

pirators * and usually wore them while loading or unlosding the
crusbers. The average exposure of a crusher man tending three
crushers was 3.5 M. P. P. C. F.

? ATl smployees (n tde preparstion departmant and all repalriman end jaattors ware provided with repirs-
tars of 8 Lype approved by the U. 8. Paresz of Mines sgalnst high concentrations of fine slos dost.
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6 DUST CONTROL IN AN ASBESTOS PLANT

Asbestos opening and screening.—The crushed fiber is dumped fron
bags to the floor beside the asbestos openers and lifted into the fee’
Jattice hopper with wooden band forks. Two openers of differan
design were in operation, but the method of exhaust hooding was thy
same on both. (See schematic design, fig. 2.) The feed latties

_hopper was partislly enclosed and exhausted at the top (hood A),
A second hood exhausted the bottom fly and settled dust from the

~ bottom of the opener (hood B). The opened fiber weas picked up by

hood C and pneumatically transported to a cyclone separator whars

the fibers were removed and dropped onto sn enclosed vibrating screen. -
A large portion of the dust and fine fibers entering the asbestos opener

P/V[ UMATIC
CONVEYOR

Fi10U2z 2~Behemalic view of axbanst system sppled to an ssbesios openee.

wes removed by hoods A and B. Clumps of unopened fibers and
pieces of rock too heavy to be lifted by the pneumatic fiber conveyor
fell onto an enclosed belt conveyor serving both openers, and were
carried to the recovery process. (Belt conveyor is not shown in fig. 2.)
Exhsust volumes through the hoods were as follows: Hood A,

- 400 cfm; hood B, 400 ¢fm; hood C (pneumstic eonveyor), 1,800 cﬁn

conveyor velocxty, 2,730 {feet per miinute.

Each opener had its own cyclone separator and enclosed and ex-
hausted vibrating screen. (me screen had two exhaust hoods, ons
beside the charging hopper drawing 400 c¢fm and one over the dis-
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charge end of the screen and the stock car, drawing 770 ¢fm. The
second screen had one bood only, over the discharge end, drawing 615
¢fm. Short fibers and rock particles passing the screens fell through
a chute to the enclosed recovery conveyor. Fiber failing to pass these
screens dropped into a stock car. Full stock cars were pushed to &
platform scale and then to the mixing beds.

The same men charged the openers and filled the stock cars. The
average dust exposure of asbestos-opener operators was 3.6 M.P.P.C. F.

Cotton openers.—The best grades of insulation contain very small
amounts of cotton, if any; but in all other cases, cotton fiber is mixed
with asbestos fiber to improve its spioning qualities. At this plant
the batch seldom contained more than 15 percent of cotton by weight
but as much as 20 percent cotton was used in lower grade yarns. The
two-stage Saco-Lowell cotton opener was provided with exhausts at
three points; 770 cfm of air were exbausted through a canopy hood
over the fecd lattice, 270 ¢fm from the bottom of the primary opener,
and 1,120 cfm from the bottom of the secondary opener. Opened cotton
fiber was discharged into stock cars. No samples were taken at the
cotton openers, but the operators’ average exposure was about 2.4
M.P.P.C.F. (general air, preparation department). .

Mizing.—Weighed quantities of asbestos and cotton were placed
in alternate layers in the mixing beds. Occasionally, layers of rov~
ing waste from the carding room were reopened and added to the bed.
Mixing was done in six ““exbausted’ booths, each 10 {eet 2 inches deep
by 6 feet 10 inches wide by 6 feet high. Sides of the bootbs were
permanpent, while the back consisted of a removable wood end canvas
section. Each booth was covered by a pyramid bood 32 inches
high, through which approximately 1,025 cubic feet of air per minute
per hood were exhausted. The velocity of air motion into these booths
averaged 50 feet per minute during bed making and about 30 feet
per minute during picker loading. Dust concentration averaged
54 M.P.P.C.F. for the bed-making operation.

After a bed bad been placed, the picker operator removed the rear
partition of the booth and forked the batch into the charging hopper
of a picker (fig. 3). The picker machine mixes the fibers in revolving
beaters. The four machines represented three different operations
and two different {ypes of exhaust systems. The first machine, not
in operation during this study, discharged mixed fiber into a stock car.
This material was then passed through a second picker for remixing.
The second and third machines discharged mised fiber onto a belt
conveyor which trepsported it to bios in the carding room. The
product of the fourth picker was carried to the carding room by a
poeumatic conveyor. Each of the first three machines had a hood
‘over the charging lattice, exhausting approximately 500 ¢fm, a pipe
exhausting about 1,650 cfm f{rom the bottom-fly settling chambers
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under the main picker drum, and a bood over the end of the discharge
lattice exhausting about 400 ¢fm. The fourth picker had the sume
hood arrangement over the charging lattice but had no bottom-fiy
exhaust, and the mixed fiber wes removed by a pneumatic conveyor
exhausting approximately 2,000 ¢fm of air at a velocity of 2,550 fest
per minute. The picker operators wear respirators during the charg-
ing operation. Dust concentrations during picker charging varied
from 4.0 t0 8.5 M. P.P.C.F, averaging about 6.7 M. P.P.C. F.

Recovery processes.—Waste roving from the card room was returned
to the preparstion department for reopening. The roving reopener
was exhausted only from the pit below the last beater, but the 1,780
cfm of air drawn through this hood were sufficient to prevent the
escape of dust through the discharge lattice.

The dusty air collected by the exhaust systems in the preparstion
and carding department was blown into a large settling chamber
occupying two stories in the end of a separate building. Air was dis-
placed from this room to a bag house occupying the second floor on
the other end of this building. Dust was filtered out by burlap filters
stretched on A-frames. The filters were beaten down by baod daily
during the noon rest period. The collected dust was removed during
the week end shut-down, and stored in bins in the preparation depart-
ment. Bag-house dust was screened on a completely enclosed end
exhausted vibrating screen (background, fig. 4), end the long fibers
were removed to 8 cyclone collector by & poeumatic conveyor. The
dust from the settling chamber, the long fibers from the bsg-house
dust, and fibers separated by cyclones on the exhaust lines from the
spooling operation and the weaving depertment were passed through
a fly-willower and vibrating screen (fg. 4). Approximately 250 cim

- of air were exhausted from the top of the charging lattice and 620 cfm .

from the discbharge side of the openiog drum. Dirt passing the screcu
dropped onto an inclined tray end was removed by an exbaust hood
drawing 730 ¢fm. Fibers which did not fall through the screen wers
removed by the hood at the lower end of the screen (1,710 c¢fm) aund
pneumatically conveyed to a cyclone collector. Rock and other im-
purities not picked up by the pneumatic conveyor fell into a waste box
below the end of the screen. The market for recovered fiber is
limited, and such fiber is usually too soiled for use in high-grade
textiles. Consequently only part of the collected dust was passed
through this process. 'Average exposure of operators was estimated
at between 3 and 5 M. P. P. C. F.

As & measure of the effectiveness of the dust control system in the
preparation department, the exhaust fans were shut off for 1-hour.
Pneumatic conveyors remained in operation. Dust concentrations
increased steadily to about 50 M. P. P. C. F., et which time the ex-
baust fans were turned on. The samples taken during this period
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were only a partial measure of uncontrolled conditions, since the hoods -

and enclosures had a definite control value.

While the location and desigu of hoods were the most im-ponan-t'

factors io dust control in the preparation department, general ventila-
tion helped prevent high dust concentrations. This department
occupied approximately 320,000 cubic feet of space, from whichk ap-
proximately 34,650 c¢fm of air were exhausted. Consequently 6.5 rir
changes per hour were produced by mechanical ventilation, which was
supplemented by natural veatilation through doors, windows, and
roof ventilators. Fortunately heating wes not & problem in this
plant.

CARDING DEPARTMENT

Mixed fiber from the preparation department was dropped from
' pneumatic or mechanical conveyors into bins in the carding depart-
ment. The total volume of exhsust from four bins was 6,850 cfm,
the major portion of this air being drawn through the one or two bin
doors left open during the loading of carding room stock cars. Dust
concentrations as high as 40.4 M. P. P. C. F. were measured inside an
active bin while the dust concentration just outside the door of the
same bin was only 4.6 M. P. P. C. F. Yorkers, classed as stock
rollers, fork the mixed fiber from the bin into stock cars. This opera-
tion is supposed to be performed with both stock car and stock roller
outside the bin door. This rule of keeping out of the bins should be
strictly enforced. However, stock rollers, wearing respirators, like
to push their cars under the chute and then climb into the car and
“tread-down”’ the stock.

The cards are machines baving a series of revolving cylinders wound
diagonally with strips of leather set with fine, sharp, steel bristles.
Carding removes remaining small bits of rock and combs the fibers
into & more or less parallel condition to facilitate spinning. At the
. time of this study, 31 roving card units and 2 wicking cards were

. being operated. A roving card unit (fig. §) consisted of two cards, a
breaker, or primary card, and a finisher or roving card.
- The mixed fiber was fed by band from the stock car to the feed
hopper of the breaker card. The stock roller wore a respirator during
this operation. The fiber passed through the breaker card, emerging
as & loose blanket or web. It was carried to the finishing card by 2
lattice conveyor or camel back.” The fiber was stripped from the last
cylinder of the finisher onto a moving leather apron, where a set of
reciprocating rubbers condensed it into loose rovings of unspun yarn.
These rovings are wound .on long “jack’ spools to be taken to the
spinning department. The rovings at the extreme ‘ends of the cards
cannot be used for spinning because they lack upiform thickness.
These rovings are collected by two small hoods and pneumatically

conveyed to a collection bin for return to the preparation department.
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The exhaust aystern applied to roving cards is shown schematically in
figure 7. The quantity of air exhausted varied from 1,100 c¢fm to
1,800 cfm on different carding units with an average exhaust of
1,440 cfm per unit. Cards are partially enclosed and only sufficient
air is exbausted to prevent the eseape of dust.

Each breaker card is exhausted at three points. Ifood B eshausts
{rora the top of the fced hopper over the feed apron. This bopper was
enclosed and covercd, the cover being lifted during filling. About 160
cfm of air were exhausted throngh the hoeod. Hood A exhausted the
top fiy from the enclosure covering the main carding cylinder. Hood

CAMEL-BRCKx CONVEYOR
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T oexhersted the hotisar ' from the settling chamber under the
carding exiinam > Approdmately 285 cfur were esbausted through
each of these hoods.

The finislung card had four exhaust connections besides the tiwo
small hoods (¢ which removed the waste roving. Hoods E aud F
‘correspond to hoods A and C, respectively, on the breaker card,
providing en exhsusi of approximetely 285 ¢fru each. The dofler
card cylinder, dofler combs, aud roving apron were exhausted from
below, throngh hoods D' and D? at 70 cfm each. About 40 ¢fm were
exhausted through each roving collector.
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The volumes of air exbausted through each hood were estimated
on the basis of pipe aress. Actusl volumes showed wide variations
on different unita.

Single cards were used in the manufacture of asbestos wick and-
rope, since a thick roving was desired. The wick or rope was twisted
from the unspun roving. The wicking cards were exhsusted at three
points. Approxmately 380 cfm of air were drawn from under the feed
lattice, 490 cfm were exhausted {from the top of the main cylinder cover

~ to remove the top fly, and 550 ¢fm were exhausted from the bottom-

fiy settling chamber.

Dust concentrations during carding averaged 1.7 M. P. P. C. F.
This was also the average exposure of wicking card operators and
wick and rope twisters. Samples taken near the carding department
weight scales showed less than 0.5 M. P, P. C. F.

Card rolls were cleaned and ground at night, except in cases of
emergency. Cleaning was done with hand scrapers made of strips of
card cloth, and the card cylinder was turned by hand. Grinding was
done with the usual type of card grinders. The large roll was ground
in place in the carding machine. Slightly greater quantities of air
were exhausted during grinding due to the decressed loss of head
resulting from removal of the wooden card covers. The small card
cylinders were ground in & grinding frame. These frames were
partially enclosed and covered with a canopy hood exbausting 2,330
¢fm per grinder. Dust concentrations averaged 0.65 M. P. P. C. F.
during grinding.

A special run of a group of carding machines made with all exhaust
ventilation turned off and windows closed showed that dust concen-

. trations steadily incressed. At the end of 1 hour the concentration

was 62.4 M. P. P. C. F.in the air. Under normal operating conditions
about 64,000 ¢fm of air are exhausted from the carding department.

- This is equivalent to about 5.5 air changes per hour, disregarding

patural ventilation through windows on all four sides of the room.

Spinning, twisting, and winding.—The yarn as roving is twisted or
spun into compact threads on either mule or ring spinning frames.
In this plent most of the spinning was done on mule spinners. The
spun thread was transferred from the spinning spindles to spools, on
Foster winding machines (spoolers). Spooled thread to be used as
filler (or woof) in woven cloth was rewound on a cop winder into cops
which will fit into the loom shuttles. The remaining spooled thread
was respooled on twisters which twist several threads into a yarn.
The number of strands used determined the size of yarn. Both plain
and metallic yarns were twisted. Metallic yarn contains one or more
strands of fine wire. Part of the twisted yarn was used in cloth
weaving while the remaining yarn was rewound on Universal winding
frames for the market.

T T Tz T
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12 DUST CONTROL, IN AN ASBESTOS8 PLANT

Mule spinning was separated from other operatiops in this depart-
ment by partial partitions. Natural ventilation was good and no ’
exhaust systerms were used. The average dust concentration wes
0.85 M. P, P. C. F. with a maximum of 1.3 M. P. P, C. F. recorded.

Ring spinning, cop winding, and Universal winding machines were
located in the same roomn with the twisting machines. Average ex-
posurcs in the first three operations, which were not themselves
especially dusty, ware due to dust {rom the twisting operation. With
the exception of & trial exhaust system on one twister, the remaining
machines were not provided with exbaust. The trial system was
reported to be satisfactory aod is to be installed on all twisting

o [

F1UP R & - fadzvietie 7irwe of athan-t ayelsn applied to Foster winders.

machines. Tu this eysiem, tha bottom of the twisting frame was
enclesed and a total of 1.200 efm of air por machine was drawn down-
ward past the twisting yarns and through five conical hoods distributed
along a central exbaust duct.

Average dust concentrations at the various operations in this room
were ring spinning, 5.0 M. P, P. C. F.; cop winding, 6.9 M. P.P.C. F;
Universal winding, 2.8 M. P. P. C. F.; and twisting, 11.0 M. P. P.
C. F., with & maxdmun of 18.8 M. P. P. C. F. recorded beside &
twisting frame. No sccurate measurements of the efficiency of thbe
exhaust system on the single exhsuated twistor could be secured, but
simultaneous samples on both sides of this frame showod s dust

oy RIMRLEW S RN WD, W A
’ :»%:E:?e ULy
Fom A
[

A
. 3
., TN
L

4




-

cwee -

O eyt o

- ———

- - ————— =

Publc Health Reporus, Reprint Ne. 1833, PLATE 111

F1eTR2 9.—Uneibausted broad Joors.

Y
B v
gt By

Jne

Ay’

Ficuax 10.—Table for ipspecting, calendering, 0d brusblog wovesn clotb.




— ™ Rt e e ) 2 Pt Bt s A LD i e R A

P

. DUST CONTHOL IN AN ASBESTOS PLANT 13

corcentration of 18.0 M. P. P. C. F. on the side towsard the unex-
beusted twisting frames and a concentration of 6.3 M. P, P. C. F. on -
the other side.

Four Foster winders (spoolers) were partially separated from the
other operations by partitions (fig. 6). Tbe exhaust eystem con-
sisted of an individual conical hood around each spindle holder
(fiz. 8). Approximately 46.5 cfm were exhausted through each
hood, or a total of 9,270 cfin through the 200 hoods on the 4 spooling
frarmmes. Dust concentrations at the spoolers averaged 2.9 M. P. P.
C. F. and increased to 9.6 M. P. P. C. F. within 30 minutes after the
ventilation bad been shut off.

WEAYING AND INSPECTION

Cloth, tape, listing, and brake bands were woven on different types
of looms. luo this plant, exbaust systems had been applied to the dry
cloth Joomns, since these were considered to be the most important
rource of dust. The dust control program calls for installation of
axlgust systems on dry tape, listing, and brake-bend looms. At
present these operaticns aye mainly perforined wet or partially wet.

yreke-band looms were not in operation durng this study. Signifi-
cant differences could not be noted between dust samples collected
around the various tape and listing looms. Dust concentrations
ranged from 1.2 to 4.0 M. P. P.C. F. and aseraged 3.0 M. P.P.C. F.

Nineteen cloth looms were in operation in this department. One of
thrse was. & wet loom not provided with exhaust hoods, 4 were dry
looms provided with exhsust boods, and the other 14 were so provided
bt could be opersted either wet ordry. A loom without exhaust hoods
is thown in figure 8. The exhiaust system is shown schematically in
firere 710 A double exhanst hood drew «ir from under the warp while
n secorud hood was attached to the tep of the loom ley with exhaust
ducts running down the side of each picker arin to an sirtight swing joint
at the bottom. "The openings in the loom-lay hood consisted of four
glots nine inches Jong by 1 inch wide extending over a space of 4 feet
across.the woven fabric at right angles to the warp. A total volume
of approximately 10,500 cfi of air was exhausted from the 18 hooded
looms, This averaged about 5§80 cfin per loom; but since it was
erldomr necesrary to opernte more thee 10 dry looms at one time, the
average quantity of air exhsusted was close to 1,000 cfm per locin.
Exhaust dampers were provided on all looms, and a sufficient number
to balance the system are closed on wet or idle looms. The average
dust ‘exposure of a weaver operating a dry loom with exhaust was
0.7 M. P.P.C. F., while the avernge exposure in wet weaving without

exhaust was 2.6 M. . . C. F. Snmples taken beside a dry loom
i without exbaust showed dust concentrations of 8.6 M. P, P. C. F.
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14 DUST CONTROL IN AN ASBESTOS PLANT
after 45 minutes. Average dust concentratiops during dry weaving
- © have been shown as 48.7 M, P. P. C. F. (6). )
Woven cloth was inspected, brusbed, and calendered on ths inspec-
tion table shown in figure 10. Each of the power-driven brushes wss

Yiotrnz 11.—Echematic visws of szhaust aystem spplied to brosd Jooms,

partially enclosed and exhausted. Approximately 750 cfm of air were
drawn through each of the two hoods at the front of the table and
about 200 cfm were drawn through the cleaning hood at the back of
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the table. Dust concentrations during inspection averaged 0.5

M. P. P. C. F. A rample taken while s roll of fabric was passed .

across the teble without benefit of exhaust showed a dust concentra.
- tion of 118 M. P.P.C. F, . o

Dofling, inspection, and calendering of tape and listing were hand
operations and were not provided with exhaust. Dust concentrations
of 5.0 M. P. P. C. F. were recorded during these operations but the

~ exposurc was intermittent.

Creclers had an average exposure of about 1.3 M, P. P. C. F. while
placing epools and threading loorns.

An exbaust of 12,200 c¢fm of air was provided in the weaving de-
partment, corresponding to approximately three air changes per hour.
In cold weather, warm air was distributed through the department
from a plenum system, while in warm weather natural ventilation was
secured through use of windows on all four sides of the department.

OTHER OPERATIONS

Other operations in this plant consisted of processes in which the
yarn was chemicelly treated and fabricated, or processes for chemi-
cally treating or rubberizing fabricated cloth. No potential asbestos
hazard was associated with these processes, with the exception of one
breiding machine used to make large diameter asbestos tubing. This
wachine was covered with a8 conical canopy bood about 6 feet in
dirmeter, which provided an exhaust of approximately 200 cfm of
air. A sample taken beside this machine showed s dust concentration
of 0.4 M. P. P. C. F. at the operators’ breathing level.

TaBLE 2.—Volumes of air exhousted per machine sn ovarious operations in an
asbestos textile plant

Connee. | o a2 s o st oo
DN rslion w| tiod -
Operation tone ’3-‘3’3?. Per |~ absust, | out exbavs,
(ev. ft./min.) M.P.P.C.7.| M.P.P.O.F.

ASDESLOS OPEDBL. L oeienmceiasiaanansnrrrarracacans 12 825-1, 000
Vlbn!gg scTeRD. .. cemtrsemtetrnne ] } L Y1L180
Cotton opeger.._.. s 3 2380 | emirenmea] e aee
© Mizing beds. .. 3 1,028 a¢ $3.1-10.8
Picker. o ......... 3 2. 870 a7 M3
Roving reopeger, . 1 L7280 fovnvnnccmmcnci]mmcvornaennns
Fly willower and scxeen L} ] LO00 lerermeemeeaccameans
Roring cerde:
Broaker (DrIDAIY) . oo vaee it § 1, 420
Finisher. ..... - 4 1,440 L7 .- ¥}
Wicking enrd . ... . 3 1. o
Cerd gracderns._. .. . 1 2 830 5§ B
Fotirr windery (spoaiets) - v} 22 0 L3 9
e - 1 b (1 (RO | 110
Weaving (broad looms) ..o eonneoecuaamcnii i, 2 1,300 .7 49.7
Brosher—Calendarel. oivucnnccrosorsoncancanes 3 1,650 .8 .3

' Equipped with ppeumstic coovc!or-«buust through eouvgor not included.
# Uppublished dsta, other plugts (J. M. Deliavalle, U. 8. P. H. 8.}

. $Fulton, et 81, Rel. U2,
*Individual cons for rach ¢pindle connacted Lo exthaust manlfold.
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SUMMARY

Table 2 gives a summary of the operstions provided witb exhaust,
listing the number of exhasust ducts and the rate of ventilation per
machine, 8s well as the average dust concentrations to which operators
are exposed. Average dust concentrations measured near corre-
sponding operations without exbaust are tabulated to show the effec-
tiveness of the control methods which have been described.

CONCLUSION

This study of actual results secured by a dust control program in an
asbestos fabricating plant is presented as an example of engineering
control of an industrial hazard. Adequate data have not yet been
published to justify the determination of threshold limits of dustiness
which will produce asbestosis in any definite period of time. In the
absence of such threshold values it is not possible to determine permis-
sible limits of dustiness on s medical basis. Nevertheless, any appre-
cisble decrease in the amount of asbestos dust will cause a decrease in
the incidence and severity of the resulting asbestosis. Tbe elimina-
tion of all the dust in an industrial workroom is rerely necessary from
a physiological standpoint and usually economicelly impracticable,
Consequently, actual atmospheric conditions in an industry resulting
from the spplication of practical methods of dust control can be used
as temporary standards by that industry (6).
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A STUDY OF DUST CONTROL METHODS IN AN ASBESTOS
FABRICATING PLANT

By Ricmanp T. Paos, Aseistans ‘Mi: Health Bnginesv, and J. J. BLoourzto,
Passed Assiatant Samiary Bngineer, Unitad Staisa Pudite Heallh Serwics

An extensive medical and engineering study of the health of
tsbestos workers has been conducted by the United States Public
Health Service (5). The material contained in this paper supple-
meats the general study with a detailed study of the dust control
methods used in an asbestos fabricating piant. It is a report on
present conditions snd bow they bave been obtained and is pressnted
as an example of the results of the application of scientific methods of
dust control. These dats should be interesting not ouly to the
asbestos industry but also to other industries baving similar dusty
processes.

The plant studied bas only partly completed an extensive dust
contro] program, and conditions are beiny improved continusly;
consequently, these results should not be interpreted as representing
the maximum possible eficiency in the control of asbestos dust, but
it is believed that they are representative of the best practice in this
country at this time. Tbhe dust control systems in use with the vari-
ous processes in each department are described. An occupstional
analysis of employees is presented, with & comparison of the atmos-
pheric dust concentrations associated with coptrolled and similar
uncontrolled processes. -

FASRICATION OF ASBESTOS TXIXTILES

Asbestos is the class name for several different fbrous minerals,
but the asbestos of commerces (/) is mainly the fibrous {orm of ser-
pentine known as chrysotile.! Due to its fibrous nature, flexibility,
and heat-resistant properties, asbestos fiber finds many practical
spplications. One of its important industrial uses is in the manu.
{acture of fire-resistant textiles.

In the plant studied, practically all raw material was crude Canadisa
or South African asbestos. Some imported short fber was used, s
well as some of the short fiber salvaged in the recovery process, but
most of the short recovered fiber was shipped to other plants. Signif.
icant veriations in atmospheric dust concentrations due to the grads
of fiber being processed wers not evident in controlled processes in
this plant. Consequently, the type of fiber used has not been con-
sidered in the analysis of the data. Each dust controlled process
tended to decrease the amount of dust generated in subsequent

+ Chrysoctie ¥ & bydros machesian ellosts (B NOALOs @ THO-IM(O - II0y wutaistag W.1 pare
=t slica, .0 st agomia 80d 129 Darcast water. Olbe 17D o ubwias oled molalc slimum
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DUST CONTROL IN AN ASBESTOS PLANT 3

processes. These faciors must be considered when comparing dust
concentrations reported in this plant with the data which have been
reportad for other plants,

Approximately 300 persons wers employed in this plant, of whom
180 worked in departments having s potential sabestos duat hazard.
This study was confined to these departments; namely, preparstion;
carding; spinging, twisting and winding; and wesving. The occupa-
tional distribution of exposed workers is shown in table 1.

Tastr 1.~Occupations and dusl aposures of workers in en arbestor lastile plont
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Others. ' Al e
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tgample arter | ‘6 OPArNiiog WHlkout exheas.
7 Jammpie tazed nside bin during Moeding.

METHOD OF ATUDY

This investigation included a study of atmospheric dust concentra-
tions in the factory workrooms sad & study of the exbaust systems
used to remove asbestos dust.

Eighty-two stmospharic dust samples ware collected at the workery’
breathing level with the impioger dust sampling apparatus (3).
Sixty.nine of thess represented present working conditions snd 13
representad conditions while axbaust spparatus had bees turnsd off
for 1 hour. 4 collecting medium containing 25 psrcent etbyl aleohol
in distilled water was found to prevent flocculstion without cauaing
axcessive evaporation in either the ssmpling flasks or the counting
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cells. All samples wers counted the day after collection. Owing to
ths Jow dust concentrations encountersd, most of the samples repre.
sented the dust in from 20 to 30 cubic fest of sir. Semples were
diluted with distilled water and counted sccording to the light-field
techaique described by BloomSeld and DallaValle (3). A micrometer
eyepiece baving an engraved square squivalent to one-fourth the
stasdard Whipple square was used in counting. Since it is customary
to count only one quadraot of the Whipple field, the same volume of
sample (0.25 cubic millimeter) per feld was countad (7).

The quantities of air removed through the various exhaust systems
wers calculsted from pitot tube measuraments of center-line velocities
in the pipe lines (4). Average sxbaust rates per process are listed in
table 2 and discussed s little Iatar in the description of exhaust systems.
Entrance velocities ot open hoods were messured with sz Alznor
velometar and checked with s vane anemomater. Moat of the hoods
were of the anclosed type designed to exbaust oaly enough air to pre-
vent the escape of asbestos dust into the workroom. Where individual
measuraments were impractical, air volumes exhaustad through each
bood wers calcuiatad from messuremeats of main-line velocities.
Whenever diffarsnces in exhaust volumes ware noted between similar
boods on the same operation, the average value is given.

DEBCRIPTION OF PROCESSEZS AND DUST CONTEOL MIASURES

~ Asbestos is receivad in buriap bags containing 100 pounds of fiber.
Cotton is received in standard bales. These are the only raw matarials
used in the preparstion of asbestos yarn at this plant. Unloading,
storage, and transportation of the packed raw materials were not
. bazardous occupations. The progress of the materisl from raw fiber
to completed fabric is shown by mesns of s Sow sheet (fig. 1). Indi-
vidual processes and the messures for dust contro} are described below.

PREPARATION DREFASTMANT

‘Orushing,~—Sotne of the asbestos fiber arrives at the plant sa “pre-
crushed! fiber, but most of the crude Sber has received no treatment
other than mining, sorting, and screening. This latiar type is hand
dumped from the bags into rim-wheel crushers and erushed from 5 W
1§ minutes. These crushers hasve two heavy rollars attached to o
radial axle, and revolve on a smooth-surfaced tray in which the asbestos
is placed. During the crushing, the asbestos fiber is constasty
stirred by revolving scrapars. After being crushed, the fiber is
replaced in the bags and carried to the asbestos opener. Cruabers
wers not anclosed or exbausted in any way, but the general ventils-
tion in the preparation department was sufSicient to prevent high
concentrationa of dust near this operstion. Crusher men bad res
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Acbestos opening and screening.—The crushed fiber is dumped g $-
bags to the floor besids the ssbestos openers snd lifted into the tad ¥ .
lattice hopper with woodan hand foris. Two openars of diffares §
design were in operation, but the method of exbaust booding was &,
samme on both. (See schematic design, fig. 2.) The feed latsiy
hopper was partially enclosed and exbaustad at the top (bood A)
4 second hood exbausted the bottom fly and settled dust from tha4
bottom of the openar (hood B). The opened fiber was picked up by
hood C and pneumatically transported to & cyclone separator whan

the fibers were removed and dropped onto aa enclosed vibrating scremn. -3,

A large portion of the dust and fine fibars entaring the ssbesios opaer
' .

TuoLR L-domatit YO o SDAOK FYTLAE SPDUad M A8 MDUrice DA,

was removed by boods A and B. Clumps of unopened Sbars and
pieces of rock too heavy to be lifted by the paeumatic fiber conveyor
fell onto an enclosed belt conveyor serving both openers, and were
carried to the recovery process. (Belt conveyor is not shown in fig. 2.)
Ezhsust volumes through the hoods ware as follows: Hood 4,
400 cfm; bood B, 400 efm; hood C (pneumatic conveyor), 1,800 efm;
conveyor velocity, 2,730 feat per minuts,

Each opener had ita own cyclone separator and enclosed and «3-

bausted vibrating screen. One screen had two axhaust hoods, one

beside the charging hopper drawing 400 ¢fm sand one over the dis

-
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charge end of the screen and the stock car, drawing 770 efm. The
second screed bad one bood only, over the dischargs and, drawing 615
efra. Short fibers and rock particles passing the screens fell through
s chute to the enclosed recovery conveyor. Fiber failing to pass these
screens dropped into o stock car. Full etock cars were pusbed o0 »

 platform scale and then o the mixing beds.

The same men charged the openers and filled the ntoci: cars. The

sverage dust exposure of asbestos-opener operstors was 3.6 MLP.P.C.F.

Cotton openers.—The best grades of insulstion contsin very small
arnounts of cotton, if any; but in all other cases, cotton fiber is mixed
with asbestos fiber to iruprove its spinning qualities. At this plant
the batch seldom contained more than 15 percent of cotton by weight
but as much as 20 percest cotton was used in lower grade yarns. The
two-stage Saco-Lowell cotton opener was provided with exhausts at
three points; 770 ofm of air were exbausted through s canopy bood
over the fecd lattice, 270 ¢fm {rom the bottom of the primary opener,
10d 1,120 ¢fm from the bottom of the secondary opeser. Opened cotton
fiber was discharged into stock cars. No samples were taken at the
cotton openers, but the operators’ average exposures was about 2.4
M.P.P.C.F. (general air, preparation depsrtment).

Mizing. —Weighed quantities of asbestos and cotton were placed
in slternate layers in the mixing beds. Occasionaily, layers of rov-
ing waste from the carding room were reopened and added to the bed.
Mixing was done in six “exbausted’ booths, esch 10 feet 2 inches deep
by 6 feet 10 inches wide by 6 feet high. Sides of the booths were
permanent, while the back consisted of s remossble wood snd canvas
section. Each booth was covered by a pyramid bood 32 inches
bigh, through which approximately 1,025 cubic {eet of air per minute
per hood were exhausted. The velocity of air motion into these booths
sveraged 50 feet per minute during bed making and about 30 feet
per minute during picker loading. Dust concentration averaged
54 M. P.P.C. F. for the bed-making operation.

After a bed had been placed, the picker operator removed the rear
partition of the booth and forked the batch into the charging hopper
of & picker (fig. 3). The picker machine mixes the fibers in revolving
beaters. The four machines represented three different operations
and two different types of exhaust systems. The first machize, not
in operstion during this study, discharged mixed fiber into & stock car.
This material was then passed through a second picker for remixing.
The second and third machines discharged mixzed fiber onto a belt
conveyor which transported it to bins in the carding room. The
product of the fourth picker was carried to the carding room by »
pPoeumatic conveyor. Each of the first three machines bad a hood
over the charging lattice, exhsusting spproximately 500 c¢im, s pipe
exbsusting about 1,650 ¢fm from the bottom-fiy sstiling chambers
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uoder the msin picker drum, and s hood over the end of the discharge
lattice exbausting about 400 cfm. The fourth picker had the seme
hood arrangement over the charging lattice but bad o bottom-fiy
exhaust, and the mixed fiber was removed by a pneumatic conveyor
exhausting approximately 2,000 ¢fm of air at & valocity of 2,550 feet
per minute. Tbhe picker operators wear respirators during the charg.
ing operstion. Dust concentrations during picker charging varied
from 4.0 0 9.5 M. P.P.C. F,, averaging about 8.7 M.P.P.C. F.

Recovery processes.—W aste roving from the card room was returned
to the preparation department for reopening. The roving reopener
was exhausted oply {rom the pit below the last beater, but the 1,780
¢fm of air drawn through this hood were sufficient to prevent the
escspe of dust through the discharge lattice.

The dusty air collected by the exhaust systems io the preparation
and carding department was blown into & large settling chamber
occupying two stories in the end of & separate building. Air was dis-
placed from this room to a bag house occupying the second floor on
the other end of this building. Dust was Giltered out by burlap filters
stretched on A-frames. The filters were beaten down by hand daily
during the noon rest period. The collected dust was removed during
the week end shut-down, and stored in bins in the preparation depart-

‘ment. Bag-houss dust was screened on & completely enclosed end

exhausted vibrating screen (beckground, fig. 4), and the long fibers
were removed to a cyclons collector by s poeumatic conveyor. The
dust from the settling chamber, the long fibers from the bag-bouse
dust, and fibers separated by cyclones on the exhaust lines from the
spooling operstion snd the weaving department were passed through
s fy-willower and vibrating screen (6. 4). Approximately 250 cfm
of air were exhausted from the top of the charging lattice and €20 ¢fm
from the dischbarge side of the opening drum. Dirt passing the screen
dropped onto an inclined tray and was removed by an exbaust hood
drawing 730 ¢fm. Fibers which did not fall through the screen were
removed by the hood at the lower end of the screen (1,710 ¢fm) and
poeumatically conveyed to a cycione collector. Rock and other im-
purities not picked up by the poeumatic conveyor fell into a waste box
below the end of the screen. The market for recoversd fiber is
limited, and such fiber is usually too soiled for use in high-grade
textiles. Conssquently oniy part of the collected dust was passed
through this process. 'Average exposurs of operstors was estimated
at between 3and S M. P. P. C. F.

As 3 measure of the effectiveness of the dust control system in the
preparstion departmest, the exhaust feans were shut off for 1-hour.
Poeumatic conveyors remained in operation. Dust concentrations
incressad steadily to about 50 M. P. P. C. F., at which time the ax-
haust fans were turned on. The samples taken during this period
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l were only & partial measure of uncontrolled conditions, since the hoods =
and enclosures bad a definite contro] valye.

\While tbe location and design of boods were the most important
factors in dust control in the preparstion departmeant, general veatila-
tion helped prevent high dust concentrations. This department
occupied approximately 320,000 cubic feet of space, from wbich ap-
proximately 34,650 c¢fm of air were exhausted. Consequently 6.5 air
changes per bour were produced by mechanical ventilation, which was
supplemented by natural vesntilation through doors, windows, and
roof ventilators. Fortunately beating was aot a problem in this
[ piant.

CARDING DEPARTMENT

Mixed fiber from the preparation departmeat was dropped from
pneumstic or mechbanical conveyors into bins in the carding depart-
¢ ment. Thbe total volume of exhaust from four bins was 6,850 <fm,
the major portion of this sir being drawn through the one or two bin
doors left open during the loadiog of carding room stock cars. Dust
I -~ concentrations as high as 40.4 M. P. P. C. F. were measured inside an
active bin while the dust concentration just outside the door of the
same bin was only 4.6 M. P. P. C. F. Workers, classed as stock
rollers, fork the mixed fiber from the bin into stock cars. Tbhis opers-
tion is supposed to be performed with both stock car and stock roller
outside the bin door. This rule of keeping out of the bins shouid be
; strictly enforced. However, stock rollers, wearing respirators, like
[ to push their cars under the chute and then climb into the car and
‘“tread-down’’ the stock. :

The cards are machines having a series of revolving cylinders wound
disgonally with strips of leather set with fine, sharp, steel bristles.
Carding removes remaining small bits of rock and combs the fbers
into & more or less parallel condition to facilitate spinning. At the
time of this study, 31 roviog card units and 2 wicking cards were
{ being operated. A roving card unit (fig. §) consisted of two cards, s

breaker, or primary card, aad a finisher or roving card.
" Thbe mixed fber was fed by band from the stock car.to the feed
] hopper of the bresker card. The stock roller wore s respirator during
: this operation. The fiber passed through the breaker card, emerging
t as & loose bianket or web. It was carried to the finishing card by »
; lattice conveyor or camel back. The fiber was stripped from the last
' X cylinder of the fnisher onto a moving leather apron, where & set of
t

reciprocating rubbers condensed it into loose rovings of unspun yarn.
These rovings are wound oa long “jack’ spools to be taken to the
spinning department. The rovings at the extreme ends of the cards
canpot be used for spinning because they lack uniform thickness.
These rovings are collected by two small hoods and paeumastically
conveyed to a collection bia for return to the preparation department.




10 DCTST CONTROL IN AN ASBESTOS PLANT

The exbaust system applied to roving cards is ahown schematically in
fgure 7. The quantity of air exbauysted varied from 1,100 c¢fm to
1,800 ¢fm on differeat carding units with &2 average exhaust of
1,440 ¢{m per unit. Cards are partially enclosed and only sufficient
air is exbausted to prevent the escape of dust.

Each breaker card is exhausted at three points. Hood B exhausts
from the top of the feed hopper over the feed apron. This bopper was
enclosed and covered, the cover being lifted during flling. About 1560
¢l of air were exbausted through the hood. Hood A exhausted the
top 8y from the enclusure coveriag the main carding cylinder. Hood
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C cxbazted the bottem fiv from the settlmg chamber under the
carding criinders. ApproTona my 285 ofm were exhausted through
esch of these boods.

The finishing card had four exbaust conpections besides the two
amall hoods G whichb removed the waste roving. Hoods E end F
correspond to hoods A and C, respectivelr, on the breaker card,
providioe ar exhaust of spproximately 285 cfm each. The doffer
card cyiinder, doffer combs, and roving apron were exbausted from
below, through hoods D' and D? at 70 ¢fm each. About 40 cfm were
exbeusted turough each roving collector.
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DUST OONTROL IN AN ASBESTOS PLANT 11

The volumes of air exbausted through each hood ware estimated
oo the baais of pipe aroas. Actual volumes showed wide variations
oo different unita.

Single cards were used in the masufacture of agbestos wick sad-
rope, since a thick roving was desired. Tbhe wick or rope was twisted
{rom the unspun roving. The wickiog cards were exhausted at three
points. Approximately 380 cfm of air were drawn {rom under the feed
lattice, 490 ¢fm were exhausted {rom the top of the main cylinder cover
to remove the top iy, and 550 c/m were exhsusted from the bottom-
fly settling chamber.

Dust concentrations during carding sversged 1.7 M. P. P. C. F.
This was also the average exposure of wicking card operators aad
wick and rope twisters. Samples taken near the carding department
weight scales showed less thas 0.5 M. P. P.C. F.

Card rolls were cleaned and ground at night, except in cases of
emergency. Cleaning was done with hand scrapers made of strips of
card cloth, and the card cylioder was turped by hand. Grinding was
done with the usual type of card grinders. Tbhe large roll was ground
in place in the carding machine. Slightly greater quastities of air
were exhausted during grinding due to the decressed loss of head
resulting {from removal of the wooden card covers, The small card
cylinders were ground in s grinding frame. These frames were
partially enclosed and covered with a canopy hood exbausting 2,330
cfm per grinder. Dust concentrations averaged 0.65 M. P. P. C. F.
during grinding.

A special run of a group of carding machines made with all exhaust
ventilation turned off and windows closed showed that dust concen-
trations steadily incressed. At the snd of I bour the concestration
was 62.4 M. P.P.C. F.in the air. Under normal operating conditions
about 64,000 ¢fm of air are exhausted from the carding department.
This is equivalent to about 5.5 sir changes per bour, disregarding
natural veptilation through windows oa all four sides of the room.

Spinning, tunsting, and winding.—The yarn as roving is twisted or
spun into compact threads on either mule or ring spinning frames.
In this plant most of the spinning was done oz mule spinpers. The
spun thread was transferred from the spinning spindies to spools, on
Foster winding machines {spoolers). Spooled thread to be used s
filler (or woof) in woven cloth was rewound on a cop winder into cops |
which will fit into the loom shutties. The remaining spacled thread
was respooled on twisters which twist several threads into & yam.
The aumber of strands used determined the size of yarn. Both plain
and metallic yarns were twisted. Metallic yarn contains ons or more
strands of fine wire. Part of the twisted yarn was used in eloth
weaving while the remaining yarn was rewound oo Universal winding
frames for the market.

ey —_
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12 DOUST CONTROL IN AN ASBESTOS PLANT
Mule spinning wes separated {rom other operations in this depart.
meot by partial partitions. Natursl ventilatioc was good end aa
exbaust systems were used. The average dust concentration was
085 M. P, P. C. F. with & maximum of 1.3 M. P. P. C. F. recorded.
Ring spinaing, cop winding, and Universal winding machines were
[ loceted in the same room with the twisting machines. Average ex-
posures in the first three operations, which were not themseives
especially dusty, were due to dust from the twisting operation. With
the exception of a trial exhaust srstem on ome twister, the remaiping
( machines were not provided with exbaust. The trial system was
reported to be satisfactory and is to be installed oo all twisting
!.
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FT mactines. In this evstemm the bottom of the twisting {rame was }
e enclosed acd & total of 1,700 ¢fm of sir per machine was drawn down-
;~ o ward paat the twisting yarns and through five conical boods d:.st.nbuned
LoeE A along a central exhaust duct.
pu Average dust concentrations at the various operations in this room
were ring spinning, $.0 M. P. P.C. F.; cop winding, 8.9 M. P.P.C. F;
. Universal winding, 2.8 M. P. P. C. F.; and twisting, 11.0 M. P. P.
LA el C. F.,, with s« maxdmum of 18.8 M. P. P, C. F. recorded beside »
;’.‘, Tara twisting frame. No sccurste messurements of the efficiency of the
| - exbaust svstem on the single exbausted twister could be secured, but.
R simultaneous sampies on both sides of this frame showed & dust
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, DUST CONTROL IN AN ASBESTOS PLANT 13

copcentratios of 18.0 M. P. P. C. F. on the side toward the unex-
bausted twisting {rames snd & concentration of 6.3 M. P. P. C. F. on
tbe otber side.

Four Foster winders (spoolers) were partially separsted from the
other operstions by partitions (8g. 6). The exbaust system con-
sisced of an iodividual conical bood around esch spindle bolder
(6g. 8). Approximately 46.5 cfm were exhausted through each
bood, or a total of 9,270 cfm through the 200 hoods on the 4 spooling
frames. Dust concenirations st the spoolers averaged 2.9 M. P. P.
C. F. and increased to0 9.6 M. P. P. C. F. within 30 minutes aftar the
ventiiatiun bad bees sbut off.

WEAYING AND INSPECTION

Cloth, tape, listing, snd brake bands were wovesn on different types
of loorns. ln.this plant, exbaust systems bed been applied to the dry
cloth loosns, since these were considered to be the most important
source of dust. The dust control program calls for instaliation of
exh:nust sysiems op drr tape, listing, snd brake-band looms. At
preseut these operaticns are mainly perfurmed wet or partially wet
Prule-bend lovias were not in operation during this study. Siguifi-
cant diTerences could not be noted between dust samples collected
sround the various tape and listing loorns. Dust concentrations
ranged from 1.2 10 4.0 M. P.P.C.F. snd aversged 3.0 M. P.P.C.T.

Nineteen cloth looms were in operatioa in this department. One of
these was & wet loom not provided with exbaust hoods, 4 wers dry
Juoms provided with exbaust hoods, and the other 14 were 50 provided
but could be operated either wet'or dry. A loom without exhaust boods
is shown ic figure 9. Tbhe exbaust system is shown schematicafly in
fir~ire *1. A double exheust bood drew air {rom under the warp while
a second hood was attached to the top of the loom lay with exbaust
ducts running down the side of each picker arm to an sirtight swing joint
at the bottom. The openings in the loom-lsy hood consisted of four
slots pine inches long by 1 inch wide extending over s space of 4 {eet
across the woven fabric st right sngles to the warp. A total volume
of epproximately 10,500 ¢fm of sir was exbausted {rom the 18 hooded
looms. This averaged about 580 ¢fm per loom; but since it was
seldom Pecesssry to operate more than 10 dry looms at one time, the
average quantity of sir exhausted was close to 1,000 ¢fm per loom.
Exhsust dampers were provided on ell looms, and a sufficient sumber
to balance the system are closed on wet or idle looms. The avarage
dust exposure of a weaver opersting & dry loom with exhaust was
0.7 M. P. P. C. F., while the average sxposure in wet weaving without
exhsust was 2.6 M. P. P. C. F. Samples taken beside a dry loom
without exhaust showed dust cooncentrations of 9.6 M. P. P. C. F.
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14 DUST CONTROL IN AN ASBESTOS PLANT
!- after 45 minutes. Average dust concantrations during dry weaving
have been shown as 49.7 M. P, P. C. F, (4).
Woven cloth was inspected, brushed, snd calendered on the inspec-
tion table shown in figure 10. Each of the power-driven brushes was

I
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partially enclosed and exbsusted. Approximately 750 ¢fm of air were
: . drawn through esch of the two hoods st the f{ront of the table and
[ about 200 cfm were drawn through the cleaning hood at the back of
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DUST CONTROL IN AN ASBESTOS PLANT 15

the table. Dust concentrstions during inspection averaged 0.5
M. P. P. C. F. A sample taken while s roll of fabric was passsd..
acrosy the table without benefit of exbaust showed s dust concentra-
tion of 118 M. P. P.C. F.

Doffing, inspection, and calendering of tape and listing were hand
operations and wers not provided with exhaust. Dust concentrutions
of 5.0 M. P. P. C. F. were recorded during these operstions but the
exposure was intermittent.

Creelers bad an average exposure of about 1.3 M. P. P. C, F. while
placing spools and threading looms.

An exbaust of 12,200 ¢fm of air was provided it the wesving de-
partment, corresponding to approximately three sir changes per bour.
lo cold weatber, warm air was distributed through the department
from s plenum system, while in warm westhear natural veotilation was
secured through use of windows on all four sides of the department.

OTHER OPERATIONS

Otber operstions in this plant consisted of processes in which the
5arD wes chemically treated and fabricated, or processes for chemi-
cally treating or rubberizing fabricated cloth. No potential] asbestos
bazard was sssocisted with these processes, with the exception of one
brsiding machine used to make large diameter ssbestos tubing. This
machine was covered with s conical canopy hood sbout 6 feet in
diameter, which provided an exhaust of spproximately 200 cim of
air. A sample taken beaide this machine showed s dust conceatration
of 0.4 M. P. P. C. F. at the operators’ breathing leval.

Tanz 2—Vilumm of «ir '‘chousted per mackine in serious spereiions i en
asbestos teztrle plant .
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16 DUST OONTROL IN AN ASBESTOS PLANT

SUMMARY

Table 2 gives & summary of the operatioos provided with exhaust, (
- listing the sumber of exhaust ducts snd the rate of ventilation per
machine, as well ss the average dust concentrations to which operators
are exposed. Aversge dust concentrations messured near corre.
sponding operstions without exbaust are tabulated to show the effac.
tiveness of the control methods which heve been described.

- CONCLUSION ;
This study of sctual resuits secured by s dust control program in &

asbestos fabricating plant is presented as an example of engineering
control of an industrial hazard. Adequate data have pot yet been s
published to justify the determination of threshold limits of dustiness
which wiil producs asbestosis in any definite period of time. In the
sbsence of such threshold values it is not possible to determine permis-
sible limits of dustiness on s medical basis. Nevertheless, any appre-
ciable decraase in the amouat of asbestos dust will cause s decrease in
the incidence and severity of the resulting asbestosis. The elimina.
tion of all the dust in an industrial workroom is rarely necessary from
s physiological standpoint and usually economically impracticable.
Consequently, actual stmospheric conditions ip an industry resulting
from the application of practical methods of dist control can be used
as temporsry standards by that industry (6).
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