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A STUDY OF DUST CONTROL METHODS IN AN ASBESTOS
- FABRICATING PLANT

By Riczmanp T, Paox, Asristant Public Heclh Brginser, and J. J. Broowrixtp,
Poried Aeristant Senitory Bngineer, United Stalss Public Heolth Service

An extersive medical and engineering study of the health of
asbestos workers has been conducted by the United States Public
Health Service (5). The material contained in this paper supple-
wents the genersl study with a detailed study of the <ust contro!
methods used in an esbestos febricating plant. It is a report on
present conditions and how they have been obtained and is presented
&s 80 example of the results of the epplication of scientific methods of
dust control. These deta sbould be interesting pot only to the
asbestos industry but also to other industries having similar dusty
processes.

Tbe plant studied has only partly completed an extensive dust
control program, and conditions are being improved continueally;
consequently, these results should not be interpreted s representing
the mexdmum possible efficiency in the control of asbestys dust, but
it is believed that they are representative of the best practice in this
country at this time. The dust contro} 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
uncontrolied processes. :

*

YABRICATION OF ABBESTOS TEXTILES

Asbestos is the clsss name for several different fibrous minerals,
but the asbestos of commerce (1) is mainly the fibrous form of ser-
pentine kmown &s chrysotile.! Dus to its Sbrous nature, flexibility,
and hest-resistant properties, asbestos fiber finds many practical
spplications. One of its important industrial uses is in the many-
facturs of fire-resistant textiles.

In the plant studied, practically all raw material was crude Cansdian

or South African asbestos. Somse imported short fiber was used, as
well as some of the short fiber selvaged in the recovery process, but
most of the sbort recoverad fber was sbipped to other plants, Signif-
Scant variations in atmospheric dust concentrations due to the grade
of fiber being processed wers not evident in controlled processes in
this plant. Consequently, the type of fiber used has not been cop-
aidered in the analysis of the data. Esch dust controlled process
tended to decrease the mmount of dust generated in subssquent
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DUST CONTROL IN AN ASBESTO8 PLANT 3

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

Apprommately 300 persons were employed in this plant, of whom -

180 worked in departments having a potential asbestos dust hazard.
This study was confined to these depertments; nmely, preparation;
cerding; spinning, twisting and v:mdmb, and wesving. The occupa-
tional distribution of exposed workers is shown in table 1.

Tapre 1.—Occupaiions ord dusl aposures of workers in an cedealos teztile plant
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METHQD Or 8TUDY

This investigation included & study of stmospheric dust concentra-.
tions in the factory workrooms and & study of the exhaust systcms

used to remove esbestos dust.

Eighty-two atmospheric dust samp.es wers collected at the worker's
breathmg level with the impinger dust ssmpling apparatus (8).
Sizty-nine of these represented present working coonditions and 13
represented conditions while exhsust apparatus bad been turned off

"for 1 bour. A collecting medium coptaining 25 percent ethyl aleohol

in distilled water was found to prevent flocculation witbout causing
excessive evaporation in eithber the eampling fesks or the counting
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4 DUST CONTROL IN AN ASBESTOS PLANT

cells. Al samples ware counted the day after collection, Owing to
tbe low dust concentrations éncountered, most of the 8amples repre-
sented the dust in from 20 to 30 cubic fest of alr. Samples were
diluted with distilled water and countsd according to the light field
technique described by Bloomfeld and DaliaValle (8). A micrometer
eyepiece having ap engraved square equivalent to one-fourth the
standard Whipple 8quare was used ip counting, Since it is customary
to,count only one quadrapt of the Whipple field, the same volume of
eample (0.25 cubic millimeter) per feld was counted (7).

mMeasurements were impractical, air volumes exhausted through each
bood were calculated from measurements of mein-line velocitias,
Wkhenever differences in exbaust volumes were zoted between similar
boods on the same operation, the average value is given.

DESCRIPTION OF PROCESSEB AND DTsT CON'IBOI: MEASURES

Asbestos is received in burlap bags containing 100 pounds of fiber.,
Cotton is received in standard bales. . These are the only raw materials
used in the preparation of esbestos yarn at this plant, Unloading,
8torege, and transportation of the packed raw msterials were not
bazardous occupations. The progress of the matenal from raw fber
to completed fabric is shown by mesans of & flow shest (fig. 1). Ind;.
vidval processes and the measures for dust contro] are described beloy,

FEEPARATION Dxpa ATMENT

Crusking.—Some of the asbestos Sber artives 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 band

stired by revolving scrapars. After being crushed, the fber i

replaced in the bags and earried to the asbestos opener, Crushers
Vere Dot enclosed or exhausted in any way, but the general ventils-
tion in the Preparation department was sufficient to Prevent high
concentrations of dust mear this operation, Crusher men had res-

°
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DUST COXTROL IN AN ASBESTOS PLANT 7

charge end of the screen and the stock car, drawing 770 cfm. The
second screen had one bood only, over the discharge end, drawing 615
etm. Short fbers and rock particles passing the screens fell through
s chute to the enclosed recovery conveyor. Fiber failing to pass these
screens dropped into & stock car. Full stock cars were pushed to a
platform scele and then to the mixing beds.

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

Cotion openers.—The best grades of insulation contain very small
emounts of cotton, if any; but in ell other cases, cotton fiber is mixed
with asbestos fiber to improve its spinning quolities. At this plant
the batch seldom contained more than 15 percent of cotton by weight
but as much as 20 percent cotton was used io lower grade yarns. The
two-stage Saco-Lowell cotton opener was provided with exhausts at
three points; 770 cfm of air were exhsusted through & canopy hood
over the fecd lattice, 270 ¢fm from the bottom of the primary opener,
end 1,120 ¢fm 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).

Mizring.—Weighed quantities of asbestos and cotton were placed
in slternate lavers 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 *exbeusted” booths, each 10 feet 2 inches deep
by 6 fest 10 inches wide by 6 feet high. Sides of the booths were
permanent, while the back consisted of e removeble wood and cenvas
gection. Each booth was covered by e pyremid 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 meking and sbout 30 feet
per minute during picker loading. Dust concentration averagkd
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 bateb into the cbarging hopper
of & picker (fg. 3). The picker machine mixes the fibers in revolving.
beaters. The four mechines represented three different operations
end two different types of exhaust systems. The first machine, not
in operation during this study, discharged mixed fiber into & stock car.
This meterial was then passed through a second picker for remixing.
The second end third machines discharged mixed fiber onto & belt
conveyor which transported it to bins in tbe carding room. The
product of the fourth picker was cerried to the carding room by a
poeumatic conveyor. Each of the first three machines hed & hood
over the charging lattice, exhausting epproximately 500 cfm, a pipe
exhsusting sbout 1,650 ¢fm from the bottom-fly settling cHambers



8 DUST CONTROL IN AN ASBESTOS PLANT

under the main picker drum, and p hood over the end of the discharge
Iattice exbausting about 400 cfm. The fourth picker had the same
hood arrangement over the charging lattice but had no bottom-fiy
exhaust, and the mixed fiber was removed by a pneumatic conveyor
exhausting approximately 2,000 ¢fm of air at a velocity of 2,550 feet
per minute. The picker operators wear respirators during the charg.
ing operation. Dust concentrations during picker charging varied
from 4.0 t0 9.5 M. P. P.C.F., averaging sbout 6.7 M.P,P.C. F,

Recovery processes.—Waste roving from the card room was returned
to the preparation 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 discherge lattice.

The dusty air collected by the exhaust systems in the preparation
end carding department was blown into e large settling chamber
occupying {wo stories In the end of & separate building. Air was dis-
placed from this room to 8 bag house occupying the second floor on
the other end of this building. Dust was filtered out by burlap filters
stretched oo A-fremes. 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. Beg-house dust was screened on & completely enclosed and
exhausted vibrating screen (background, fig. 4), and the long fibers
were removed to & cyclone collector by a pneumatic conveyor. The
dust from the settling chamber, the long fibers from the bag-house
dust, and fibers seperated by cyclones on the exhaust lines from the
spooling operstion and the weaving department were passed through
8 fly-willower and vibrating screen (fig. 4). Approximately 250 ¢fm
of air were exhsusted from the top of the cbharging lattice and 620 c¢fm
from the discbarge side of the opening drum. Dirt passing the screen
dropped onto ap inclined tray end was removed by an exbaust hood
drawing 730 c¢fm. Fibers which did not fall through the screen were
removed by the hood at the lower end of the screen (1,710 cfm) and
pneumatically conveyed to a cyclone collector. Rock angd 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 higb-grade
textiles. Consequently only peart of the collected dust wes passed
through this process. "Average exposure of operators was estimated
at between 3 and 5 M. P, P.C. F.

As 8 measure of the effectiveness of the dust contro! system in the
preparation department, the exhaust fans were sbut off for 1-hour.
Pneumatic conveyors remained in operation. Dust concentratiops. -
increased steadily to about 50 M. P. P. C. F., at which time the ex-
baust fans were turned on, The samples taken during this period

N —————— 3 et Ao A Eag gn g A gen gny g




. DUST CONTROL IN AN ASBESTOS PLANT 9
were only a partial measure of uncontrolled conditions, since the hoods -
and enclosures had & definite control valye. '

While the locstion and design of boods were the most important
factors in dust control in the preparation department, general ventila-
tion belped preveot high dust concentrations. This department
occupied approximately 320,000 cubic feet of space, from wbich ap-
proximately 34,650 cfm of air were exhausted. Consequently 6.5 sir
changes per bour were produced by mechapical ventilation, which was
supplemented by natural ventilstion through doors, windows, and
roof ventilators. Fortunetely hesting wes not a problem in this

plant. *
CARDING DEPARTNENT

Mixed fiber from the preperation department was dropped from
preumetic or mechenical conveyors into bins in the esrding depart-
ment. Tbe total volume of exhoust from four bins was 6,850 ¢fm,
the major portion of this air being drawn through the one or two bin
doors left open during the lording of carding room stock cars. Dust
concentrstions as high s 40.4 M. P. P. C. F. were measured inside an
ective bio while the dust concentration just outside the door of the
same bin wes only 4.6 M. P, P. C. F. Workers, classed as stock
rollers, fork the mixed fiber from the bin into stock ears. 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, weearing 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 e series of revolving cylinders wound
disgonally with strips of leatber set with fine, sharp, steel bristles,
Carding removes remaining small bits of rock end combs the fibers
into a more or less parallel condition to facilitate spinning, At the
time of this study, 31 roving card units end 2 wicking cards were
being operated. A roving card unit (fig. 5) consisted of two cards, &
breeker, or primary card, and a finisher or roving card,

The mixed fiber was fed by hand from the stock car to the foed
bopper of the breaker card. The stock roller wore & respirator during
this operation. The fiber passed through the bresker card, emerging
as 8.-loose blanket or web. It was cerried to the finishing card by a
lattice conveyor or camel back. The fiber was stripped from the last
cylinder of the finisher onto & raoving leather apron, where & set of
reciprocating rubbers condensed it into loose rovings of unspun yarnm,
These rovings are wound on long “jack” spools to be taken to the
spioning department. The rovings at the extreme ends of the cards
cannot be used for spinning because they lack uniform thickness,
These rovings are collected by two small hoods and poeumatically
conveyed to a collection bio for return to the preparation department.

- t— . e e ey
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10 DTUST CONTROL IN AN ASBESTOS PLANT

Tbe exhaust eystem applied to roving cerds is shown schematically in
figcure 7. The quauntity of eir exbausted varied from 1,100 ¢fm to
1,600 ¢fm on different carding units with an everage exhaust of
1,440 cfm per unit. Cerds are partielly enclosed and only sufficient
air 1s exhausted to prevent the escape of dust.

Each breaker card is exhausted at three points. Hood B exhausts
from tbe top of the feed hopper over the feed apron. This hopper was
enclosed and covered, the cover being lifted during filling. About 160
c{m of air were exbausted through the hood.. Hood A exheusted tbe
top fiy from the enclosure covering the meain carding cylinder, Hood
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C cxhauzted the bottem £ from the settling chamber under the
cerding cyiinders.  Approximately 285 o/ were exbausted through
each of these boods.

The finisking card hed four exhaust coopections besides the two
emell hoods G which removed the waste roving. Hoods E aud F
correspond to hoods A and C, respectively, on the bresker card,

providing er exbaust of upproximately 285 cfm each. The doffer

card cylivder, doffler combs, and roving apron were. exbausted from
below, through hoods D! end D? at 70 c¢fm each. About 40 cfm were
exbzusted through each roving collector.
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The volumes of air exbausted through each hood were estimated
on the basis of pipe areas, Actual volumes showed wide variations
on differeat unita.

Single cards were used in the manufacture of asbestos wick and-

rope, since & thick roving wes desired. The wick or rope was twisted
from the unspun roving. The wiclieg cards were exhausted at thres
points. Approximetely 380 ¢fm of air were drawn from under the feed
lattice, 490 cfm were exbausted from the top of the main cylinder cover
to remove the top iy, and 550 cfm were exhausted from the bottom-
fly settling chamber. )

Dust concentrations during carding averaged 1.7 M. P. P. C. F,
This was 2lso the everage exposure of wicking card operators and
wick and rope twisters. Samples taken pear the carding department
weight scales showed less than 0.5 M. P. P.C.F.

Cerd rolls were cleaned 2nd ground st night, except in cases of
emergency. Cleaning wes done with hend scrapers made of strips of
card cloth, end the card cylinder wes turned by band. 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 rernovel of the wooden card covers. The small card
cylinders were ground in e grinding frame. These frames were

-partially enclosed and covered with a canopy hood exhausting 2,330

cim per grinder. Dust concentrations averaged 0.65 M. P. P. C. F.
during grinding.

A speciel run of & group of carding mechines made with all exhaust
ventilation turned off and windows closed showed that dust concen-
tretions steadily increzsed. At the end of 1 hour the concentration
wes 62,4 M. P.P.C.F.in the air. Under norma) operating conditions
about 64,000 cfm of eir are exhausted from the carding department.
This is equivalent to about 5.5 sair cbanges per hour, disregerding
ratural 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 wes 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 es
filler (or woof) in woven cloth was rewound on & cop winder into cops
which will fit iato the loom shuttles. The remaining spooled thread
was respooled on twisters which twist several thresds into a yarn,
The number of strands used determined the size of yern. Both plain
and metallic yarns were twisted. Metallic yern contains one or mors
strands of fine wire. Part of the twisted yern was used in cloth

weaving while the remaining yarn was rewound on Universal winding.» -

frames for the market,

2

-



12 DUST CONTROL IN AN ASBESTOS PLANT

Mule spinning wes separated from other operations in this depart-
ment by partial partitions. Natural ventilation was good end no
exbsust systems were used. The average dust concestration was
0.85 M. P. P. C. F. with & maximum of 1.3 M, P, P, C. F. recorded.

Ring spinning, 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 themselves
especially dusty, were due to dust from the twisting operation. With
the exception of & trial exhaust eystem on one twister, the remaining
mechines were not provided with exbaust. The tria) system was
reported to be satisfactory end is to be installed on all twisting

> S GGG A0000000CI GO,

TICTET L - Bebometic wlewy of sakace axstex applied to Foster windery

mackines. In thiz eystem the bottom of the twisting frams was
enclosed axd & totel of 1,200 cfm of &ir per machise wes drawn down-
ward pest the {wisting yarns and through five conical hoods distributed
along & central exhaust duct.

Averege dust concentrations at the verious operations in this room
were ring spioning, 5.0 M. P. P. C. F.; cop winding, 6.8 M. P. P. C. F.;
Uriversal winding, 2.8 M. P, P, C. F.; end twisting, 11.0 M, P. P.
C. F., with & maxdmum of 16.8 M. P. P. C. F. recorded beside & -
twisting frame. No sccurate meesurements of the efficiency of the
exhaust system on the single exbausted twister could be secured, but
simultaneous samples on both sides of this {rame ehowed a dust
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., DUST CONTHOL IN AN ASBESTOS PLANT 13

concentration of 18.0 M. P. P. C. F. on the side toward the unex-
Leusted twisting frames and a concentration of 6.3 M. P. P. C. F. on
tbe otber side.

Four Foster winders (spoolers) were partislly separated from the
other operations by psrtitions (fig. 6). The exbaust system con-
sisted of an individual conical bood around each spindle holder
(Bg. 8). Approximately 46.5 cfm were exhsusted through each
hood, or & total of 9,270 ¢fro through the 200 boods on the 4 spooling
frames. Dust cobcentrations at the spoolers averaged 2.9 M. P. P.
C.F. end increesed to 9.6 M. P. P. C. F. within 30 minutes after the
ventiiation bad been shut off.

WEAVING AND INSPECTION

Clotb, tape, listivg, and brake bands were woven on different types
of looms. In this plant, exbaust systems had been applied to the dry
cloth looins, since these were cobsidered to be the most important
source of dust. The dust control program calls for instellation of
exlinust sysiems op drr tape, listing, and brake-band Jooms. At
pressut these operaiicns are maioly perfurmed wet or partially wet.
Bruake-bend lovws were not in operation during this study. Siguifi-
cant diflerences could not be noted between dust samples collected
sround the various tape and listing looms. Dust concentrations
raaged from 1.2 10 4.0 M. P. P. C. F. and aversged 3.0 M. P. P.C.F.

Nipeteen cloth looms were in operation in this depsrtment. Ope of
these was & wet loom pot provided with exbaust boods, 4 were dry
Juoms provided with exbaust boods, and the other 14 were so0 provided
but could be operated either wet ordry. A loom without exhsust hoods
is showe in figure . The exkaust system is shown schematically in
£-ire 'Y, A double exbeust hood drew air from under the warp while
& second bood was atiached to the top of the loom lay with exhaust
ducts ruoning down tbe side of each picker arm to an sirtight swingjoint
at the bottom. The openings in the loom-lay hood consisted of four
slots nine inches long by 1 inch wide extending over a epace of 4 feet
scross the woven fabric at right angles to the warp. A total volume
of approximately 10,500 cfm of air was exbsusted from the 18 hooded
loomus. This averaged about 580 ¢fm per loom; but asince it was
seldom recessery to operate more than 10 dry looms st ope time, the
average quantty of air exhausted was close to 1,000 cfm per loom.
Exhsust dampers were provided op all looms, snd & sufficient number
to balance the system are closed on wet or idle looms. The sverasge
dust exposure of & weaver operating & dry loom with exbaust wes
0.7 M.P. P. C. F., while the sverage exposure in wet weaving without-
exhaust was 2.6 M. P. P. C. F. Samples taken beside & dry loom
without exhaust showed dust concentrations of 9.6 M. P, P.C. F.
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after 45 minutes. Average dust concentrations during dry weaving

bave besn shown ms 49,7 M, P. P. C. F. (6). .
Worven cloth was inspected, brushed, and cslendered on the inspec-

tion table shown in figure 10. Each of the power-driven brushes was

[

TR 11 —Bcbamatle vlaws of exbstst syrtem applisd to Droed looms.,

partially enclosed and exhausted. Ai)pmximate]y 750 cfm of air were
drawn through esch of the two hoods at the front of the table and
about 200 ¢fm were drawn through the cleaning hood at the back of

" e Smmgrmar e -
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the table. Dust concentrations during inspection averaged 0.5
M.P.P.C.F. A sample taken while 8 roll of fabric was passed

tion of 11.8 M, P, p, C.F.
Doffing, inspection, and calendering of tape and listing were hand
operations and wers not provided with exhaust. Dust concentrations

of S30M.P.P.C.F. were recorded during these operations but the

€xposure was intermittent,

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

An exhaust of 12,200 cfm of air was provided in the weaving de-

OTHER OPERATIONS

Other operations in this plant consisted of Processes in which the
Yarn was chemically treated and fabricated, or Processes for chemj.
cally treating or rubberizing fabricated cloth. No potential asbestos
bhazard was associated with these Processes, with the exception of one
braiding machine used to make large diameter asbestos tubing. This
machine was covered with a conical canopy hood about 6 feet in
diameter, which Provided an exhaust of 8pproximately 200 cfm of
air. A sample taken beside this machine showed a dust concen tration
of 0.4 M.P.P.C. F. at the operators’ breathing level.

TasLe 2.—~Volumes of atr erhausted per machine in various operations {n an

asbestos teztils plant
oo [ Sk ] Dt connn [ Dus s
ongeo- with [ teation wigh.
Operation tlons g‘lg'::". Der ast. | gt exhapst,
(en. ft/min) M.P.P.C.F. M.P.P.O.F.
.&sb%s‘tg:. : . :a;.n.....-..-...--...-...-....-...- 1 f s, % } 8 311.1-38.0
ottan opener 3 2 160 haad AL LTS B
Mising beds. .. 1 1.028 54 $3.1-10. 8
toker qoeenort” 3 2,870 &7 14,3743
Roviog reopener 1 s T Sty
l1';1)' i:lm"d; and screen t3 L6800 {,aeoo Tt .-
oving cards:
Brgaker {primary) 3 L, 420
thisher, saevacans 4 1, 440 [ %4 02,4
chkgfn ?rd.---.--. :ll i. gg ,
ere... . ..... 3 (DTSSR
Foster windery (s ’ { %% 2 » :.I‘L 3
TSty e SUSON .
eaving (bread loo 2 1. 300 . 149.7
Bmsher—Calenden.r 3 1,850 LR 1.8

« ! Equipped with pocumatie conveyor—exhause theough oonvegor Dot [neluded,
: ‘!._«:Eublh::e? c:tunt.:E o(:!z)ur Plancts (J, M. DallaValle, U, s. P, H. 8
40, et al, L (8.
*locividyal coe for eash spindle connected to exnaust tmasifold,

i - P .-
-0..‘*.‘. &-‘.," \,‘f"\:.,.",,‘ -L (.

01 500 0192
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listing the Dumber of exhausy ducts and ¢he rete of ventilatiog per
macbine, as well g5 the average dyst concentrations to which operators

published ¢o justify the detemﬁ;aation of threshold limits of dustiness
which will prodyce asbestosis ip any definite perjod of time. In the

absence of sych threshold valyes 1t is not possible Lo determine permis.

I (I)}‘Biesyﬂ . and Watson, T. L. Eng:’oeering Geology. Joho Wiley and Souns,
be., New .
(2) Fulton, W, B, Dooley, A., Mattbews. J.L., and Houts, R. 1. Asbestosis,
Part 1I. Th, bnsture and ADount of gyst eocountered jp asbestos !Lbricating
hr;t;és Bpec. Bull. No, €2, Peonsylvapia Dept. of Labor and Industry., Bept.
iS) Bl‘oomﬁeld, J.J. and Da!hVa.l}e. J. M.: The determination 22d control of
%dustn’al dust. Pyp. Be&]tb Bull. No. 217, Govt. Printipg Office, Wutu’ngton,

relation to Pulmopary dfae.sge AMONE Mminers in the Jc;pl.i.n bistrict, Missour;,

(7) Page R, T Note on » new ocular mitrometer for use in dust counting,
Pub. Health Rep,, 52 1315-1318.
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