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ABSTRACT

Asbhestosts, a lung disense cuused by long-continued inhalation of
asbestos dust, was the principal physical defeet found on medical
examination of 341 men and wuoinen emploved for recently employed)
in three ashestos textile factories. The primary effect of ashestos
dust seems to be initintion of fine, interstitial. pulmonary fibrosis
which was not ohserved to progress as far as the nodular stage.  This
fibrosis was observed in pest-mortem examinations of, three former
ashestos workers.  During life, lung tibrosis cun be detected by Xeray
examination. The more inportant sviptomns of asbestosis are pro-
gressive dyspnoea. variable cough which sometimes raises blood-
streaked sputum, and loss of weight.  The processes that produce
dust in asbestos textile fuctories were stidied and recommendations
for du=t control are incorporated in this report.  Enouch dust counts
{2421 were made in all parts of these fuctories o that the dust ex-
posure of each worker ean be estimated.  The percentage of persons
in different occupational croups who were uffected by ashestosis or
any of its svmptoms varied with the average dust concentration to
which theyv were ~ubjected and with their length of emplovment.
The only eases of asbestosis, three in number, found below 5 millton
particles per cubic foot were diugnosed as doubtful, well-established
cazes oceurred at higher coneentrations. It appears from these data
that if ashestos dust concentrations in the air breathed are kept below
this limit new cases of asbestosis would not appear.

(IX)
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A STUDY OF ASBESTOSIS IN THE ASBESTOS TEXTILE
INDUSTRY

INTRODUCTION

Several impertant properties of ashestos have led to its widesprend
w~e i ddustey. As evernone knows, it i noncombistible und au
excellent inzulator aguinst hear and electricity. Fewer people seem
to be aware that its fibers are sufliciently long and flexible to be curded,
spun, and woveu like wool. flax. or cotton. Utilizing these properties
of asbestos, industries have been developed in this country which
emploved more than 6.000 men and women in slightly more than 60
establishments in 1035,

Another property of asbestos has been discovered more recently,
When ashestos dust is inhaled daily. year in and year out. a lung
dizeaze termed asbestosiz may develop.  In manv respects asbestosis
resembles silicosiz, but it differs from silicosis in several lmportant
particulars which will be discussed in the medical seetion of this
report.

The first record of a case of asbestosis seems to have been made by
Montazue Murray in 1000, The first complete description of the
disea=e aned of the “curious bodies™ seen in hung tis<ue and sputum
appeared in 1927 when Cooke (9 and MeDonald 220 reported two
cases of ashestosis and li~ted their reasons for believing that asbestosiz
beoudies orizinate fron asbestos fibers that reach the lungs.  The pub-
Hication of their papers aroused general intere~t in the subject and
numerows papers appeared soon afterward.  Heffman (46) appeuars to
have been the first American to call attention te the magnitwle of
the asbestosiz problem. In 1918 he reported that 13 deaths from
asbestosis had vccurred amony asbestus textile workers, and about the
sume time Pancoast. Miller, and Landis (29) reported on 17 cases of
s~vestosis.  Miil's (26) paper was the first pathological report on
ashestosis publizhed in the United States, and in the same vear. 1930,
Lynch aud Smith (3%) reported on asbestosis bodies found in the
sputum of ashestos workers,

Because several satisfactory literature reviews of asbestosis have
appeared in recent vears there seems to be no need to present a com-
plete litfﬁ‘a\tgure review in this report. Soine of the mere useful litera-
ture reviews have been listed in the annotated bibliography. In
Merewether's (25) review emphasis is laid on the relation of usbestosis

(1)
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to working conditions. The clinical aspects of the rubiect are well
treated. Gloyne's {16) discussion of the pathelorn of asbestesis is
particularly helpful.  Middler 1’ 471 Mit: pectures on preumo-
coniosis contaln a <ection ol g=testosis ebert {13 has sununarized
the literutare report~ en 28 far- o ees of ashestosis.  “Active pul-
morary tiberculosis was prosent in 6 instances of the total 28 eases;
the fatal coutcome was primarily the result of tuberculesis in 3
instances,” o
OBIECTIVES OF THE STUDY

The Publie Health Service was requested by the State Beard of
Health and the Industrial Commission administrator of the Work-
men’s Compensation Act) of North Carolina to assist thewm in making
an encineering and mediesl study of health hazards in the asbestos
testile industry.t The objectives of this studyv were threefold: 1) To
make a medical stndy of the etfectz of long-continued inhaletion of
ashestos ditst on the iman badv 2 to identily the nanufactaring
proces=es that ereate dust amd 1o recommend practices and, when
necessar v, equipment that will reduce the dust exposure of workery;
anid -4 o find ont what coneentration of asbestos dust ean be terated
withont imjury to healtls.
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THE WORKING ENVIRONMENT

METHODS ANDINSTRUMENTS USED IN THESTUDY OF THE WORKING ENVIRONMENT

The evaluation of the working envitannens ! its relation to the
health of workers forms the basis of all field investizuzions conducted
by the Division of Industrial Hygiene, The procedure followed by
this Division is deseribed in Public Heulth Bulletin XNo. 217 (2).
Therefore, only a brief discussion of the subject is presented in this
report.

The study of an oceupational dust problem hegins with a preliminary
survey designed to obtain data on all the ecenpations in« given plant,
It includes the number of workers employed in each oceupation and
the materials used in each process, The surver also reveals the
number of workers exposed to a given hazard. Following the pre-
liminarr survexr an evaluation of the occupational environment is
made. In the dusty trades this includes a determination of the
amount of dust present in the air, its composition and particle size and
the mea~urement of the effectiveness of exhanst svstems where they
are used o econtrol dust hazards.  The lutter. in thi< instance, involved
airflow raeasrement= of several exhuust <vstems by eans of 1 pitor
static tube.  The elfectiveness of these systems wuz determined by
dust eonnts,

THE MANEFACTURE OF ASBESTOS TEXTILES

Approximately 90 percent of the azbestos wsed in these plants
is obtaimed from Canada.  The remaining 10 pereent comes from
Arizona or South Africa, and, infrequently, fromn Russian and Aus-
tralian sources.

Much of the machinery that i< emploved for the manufacture of
asbestos textiles i identical with the machinery used for the production
of cottom and woulen goods.  Crude ashestos fiber iz sent first to the
preparation department and thea, in the order named. to the carding
machines.” srluaine frames, winding bobbins, twisting machines,
~pooling {iumes, and finally to the looms and mizcellaneous fabricating
devices.

The four plants investigated in the present study fall naturally
into-twe classifications. Two plants convert crude asbestos and raw
cotton into z\sbeis;os yarn and woven goods, but do not prepare the
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products for the ultimate consumer. The other two plants purchase

both asbestos yarn and unfinished woven asbestos tape. These

establishments weave brake bands and convert their own woven
preduct, as well as purchased material, into finished goods. The
practices followed in the plants studied are schematically presented in
the flow sheet shown
in figure 2. )

»
i

PREPARATION

Crushing.—The first
) step in the manufac-
ture of ashestos textiles
K is the crushing of the
!‘ ‘ 3 erude stock in a nsill-
ing machine, This k=
accomplished by large
3. : v wron rollers which pe-
1 volve in a =teel pan in
which the vrude ne
terind i< placed, See
fiz. 3.1 Thicoperation
separates the fibers
and loazens the impur-
ittes that <urvived the
cobbing of the ore st
A the mines, Theerusl
' N : ing operation does not
: produee much dust,
i the fibers being disin-
tegrated by a mashing
~ v and twisting action.

j Mozt erade ore mia~t
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some cases it may be

3*4. satisfactorily  disinte-

e . wrated in 5 minutes.

o cusemsnd  The crushed ashestos

Figuag * vm‘.ACL’\.,'-‘ACLEA\E.R BAG ARRANGEMENT  has a matted appear-

FCR COLLECT "G SUSPENDED DUST SAMPLES. ance. Follmving the

crushing, the ashestos is replaced by hand in the bags for delivery
to the willower.

W o g —The willowing or opening of the asbestos is essentially

a cleaning operation. The willower beats and shreds the matted
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asbestos masses into individual fibers and removes some of the rock.
The asbestos fibers that are retained are delivered directly to a storage
bin or conveyed to one by pneumatic duet. {(See fig. 1.3 The ma-
terial falling to the floor is screened in order to separate the grit from
the short fibers. The grit is s0ld to cement manufacturers and the
shart ashestos tibers to paint, paper, and roofing manufacturers.

~ The willower is fed manually by a laborer who lifts the crushed
ashestos into the willower hopper by means of a pitchfork. The
beating and combing action which takes place within the maebire
produces a large amount of dust which eseujes frorm the loicitung
enclosure.  The production of dust is increased when waste asbestos,
recovered from the cyelone separators which form a part of the dust-
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FIGURE 3.—-MiLL FOR CRUSHING ASBESTOS FIBER,

removal svstem. is willowed for recluiming purposes. This latter
operation ix eulled v willowipe,

At one of the plants ~Galied, tie willowed asbestos is passed over
vibrating sereen.  This operation insures a cleaner product, since
aldittonal grit and short tibers ure removed. Where a second screen
is not available the ashestos may he pussed through the willower a
second time, a practice which is followed at two of the plants studied.
The screening of asbestos is a decidedly dusty operation.

Miring.—Tlre asbeztos fibers consist of blends of various grades awd
often include & certain amount of waste recovered by the fiv willower.
This precess is followed in order to ohtain end products with the char-
acteristics demanded by the market. When a hatch of ashestos has
been made, it is then mixed with cotton. Asbestos fibers must be
mixed with cotton before thev can be spun and woven. The amount
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of cotton used depends upon the quality of the willowed asbestos
fibers used. As a rule. from 3 to 15 percent by weight of all the asbes-
tos textiles produced in this country is cotton.

Piling—At the plants studied. the mixing is accomplizhed in two
steps, the first consisting of placing the cotton and asbestos in alter-
nate layers in a pile upon the tloor, and the second step of feeding the
mixture into a picker machine. The bateh muking, or the placing of
the cotton and ashestos. is known as piling. It is productive of much
dust sinee it i= necessary to =pread out both the cotton and ashestos
into uniferm lavers, which involves the use of a ruke and much
trampling of the materials.

Picking.— After the mixture is made. it is lifted into the breast-
high hopper of the picker machine. The material emptied into the
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¥ .
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FIGUFE 4.--Ft.y OPENER OR WILLOWER NOTE EXHAUST:.

hopper displuces air in the hopper which cauzes dust and fibers to
escape upward into the fuce of the worker.  In addition, the evlinder
and accessory rollers of the picker machine operate at a high speed
and mueh fine material escapes from the many =mall openings in the
frame. The dust that is fanned out of the machine. toeether with
that produced in the feeding operation. makes the pickerman’s oceu-
pation comiparatively dusty. In some plantz two pickers are oper-
ated in series and in others only one, through which the material
may be passed several times In either case the picker discharges
directly or by pneumatic duct into a collector bin.  Where only one

machine is o uiizble, however. the pickerman must move the material

by pitcufork from the colleetor bin to the floor of the picker room for

its recireulation through the picker. At cne of the plants studied

there yre two pickers operated in series and connected by pneumatic
43168382
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ductz. Here the collector bin 15 also the storure bin.  In-order to
prevent rie mixed material from acenmulating ina steep pile a man
is stationed in the <tock bin at all times.  This oceupation creates
con~iicrable dust, since the cotton-ashestos mixture iz delivered into
the bin by overhead duct discharge. In order to reduce the dust
expo~ure of the stock-bin man. his position is made interchangeable
with the pickerman, each of whomn spends a half of every day in the
stoek bin and a half day at the picker.  In the plant having only one
picker, the mixture is trucked from the eollector bin to the storage bin.
At otie of the plants studied, exbaust ventilation is provided for the
picker machines and the mixed <tock storage bins.  Cil spravs are

R e L . - x o
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FIGWRE I —EXHAUSTED CARDI'NG MACH T8

trea-anily nsed within the pickine machines in an attempt to prevent

thie 1o mation of dust,
CARDING

From the storaze bins the stoo o L < it b cadied, i< hand- '?"w-\w-i (T
the cardinggauachines where it may ho;‘pilell upon the flovr oy jodl 020

the boonner }»1 the breakor card. %

le capds pmh»rm several duties.  They give the fibers an addi-
Tl Lo wiialne thetw i puradiel positions, and form them into
vl 'l'?m term tovin 2 s apdied to the strands of parallel tibers
Tt ie s A anding s boeonsists of twa aluest identical

e bines. The one through which the cotton-asbestos mixture passes
fir-t i~ termed the breaker card, and the vther, the finishing eard.  The
two machines are quite similar in that « lurge revolving cvlinder with
several accessory rollers performs the major portion of the work.
(See fig. 5.) The carding operation iz quite similar to that of the
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picker, the essential difference being that the roller and cylinder sur-
faces are studded with fine steel bristles rather than large hooks.
Spme of the rollers ~traishing v e the <t eonnbing out the tangles,
while others dotl, oi remove, them fron the eontany rollers and the
evlinder.  Aside from thee main fearnres the two unitsditfor <l 20 1y,
The breaker card i~ wqquippest with w feectniz bopper stndlar © o that
used on the picking muehine while the tinishins eard i provigs  wirh
a device for forminz the carded fibers iuto strandz. In the @ Lot
sticdied o <vstem of convevor luttices transfer the curded tibers from
vne i e to the other, The ontside strands of roving are rerirned
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ta the pieker for reworking,  The remainder of the roving s woond
on Jong rollers with lanced end<. called juex sponls,

The bristle-studded evlinders of the cardine machines revelve ut
bigh speeds and mueh lint i< thrown into the atnosphere. The efect
produced by the revolving evlinders and wheelz i~ similar to that of a
fan. and as a result mueh of the dust remainine on the stock at this
peint. as well as asbestoz and corton tibers, 1s blown into the air,  All
carding marchines studied were provided with exhanst ventilation,

While practically all of the roving is spun into varn. some of it iz
marketed without further processing other than winding on spoois or
inte -coils.  In this form it iz n=ed for clectrical insulation and for
conversion into packing for machine bearinzs.

SPINNING

The jack spools containing the roving muy he eonveved either to -1
mutd spinning miachines <hown in fignee v or th the ring spinsic.
frambs, The spinnins, on whatever maelive perionued. is a twisti
operation which imparts strength to the strand of fibers by inter-
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locking or meshing them together. The ring spinner twists the roving
as it 1s wound on a spindle. while the mule spinner performs the same
treatment in two operations: first. spinning it in 3- or 6-foot lengths
atd then winding it on a spindle.  The ring spinner makes a yarn that
i> stronger and better in many respects thun that produced on the

mule spinner.
WINDING, TWISTING. AND SPOOLING

The spun yarn is converted into stronger thread in two operations.
It iz taken first to the winding machiires where it is transferred from
spindles to tubes.  After being wound on tubes. the yarn goes to the
twisting machines where the thread from two or more tubes is brought
together and twisted into one thread.  In the twisting operation the
thread 1z frequently strengthened with bruss. zite. or copper wire, or
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FIGULRE 7 — T 4857 "3 NACHIE,

with eotton twine.  Fodowinge the inittal twisting operation the yvarn
may return to the winders for placing on special tubes, in which forin
it ix murketed. Then again. it mayv be conveved to the cop or twill
winders where it is wound into spindles for use in the shuttles of the
loormis.  There ure a yurfety o1 win o 2 aperndipns that prepare the
varn in some particulur manuner for the market or* for use on certain
types of machines. Likewise, there are a variety of twisting and
spooliir operations,  iSee fio T

The winding and twisting of the = rnis folowed by o number of
more or less related aperations.  Tle thread mayv be converted into
cloth. tape, wick, brake lining. tubes, braids, or formed into rope.
See fizso s and 900 A sl ameunt of the produet of the winders
and wwisters is treated by passing through a sizing compound, and
subsequently dried on reels before beirg wound aguin on tubes for the
market.

i
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WEAVING

The weaving of ashestos is done on looms that operate in the con-
ventional manner.  Both cloth looms and tape looms are used.  :See
figs. 10 and 11.)  On the latter. brake lining, asbestos tape, and wick
jor oil stoves are woven. The tape looms ditfer from the cloth laoms
in that the warp iz ~eoregated into zeveral strips of material and in
that there is a ~hnttie for cach <trip of warp,  The weaving of all strips
proceeds ~simdtaneos=lv: ore s banisne operates all shuttles and a
single reed suthces for - |
all warps. Leoms }
for tape weaving are
made i mnltiples of
G gpares up o us
many a5 30, Both

LA e~ X iy ¥

j

dry and wet weaving .« 4
are simploved for the ) :
pl'(\(ll}("tinn of lmth .
cloth wmt tape,  In R E TR
wet weavines the waip . i
is pas<ed throveh o T i
shallow pan of water ’ if 1
and the cap {opsein -
the <hmttie s dipped R
into water.,
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browdelorh pradiees
much lint and dosg
Tiw (]12'&‘;“!\ uf ﬂy
warp ure coutinnaliy
rubbed pa-t each i
other u= they are
ntoved from position-
ihove or helow the
line of the shuttle e N |
whick is <hot from
one side of the loom
to the other ut each change in position of the warp,  Fiber {razhents
are rubbed from the threads at each change in their position and the
fanning of the air by the moving macldnery earries them into the
atmosphere in and about the loom.  The =ame machines are nsed for
both wet and dry weaviny,

In the manufacture of a~bestos woven products at some of the
plants stuwdied, the warp i~ formed on individual looms by harnessing
the thread from many spools which are hung on creel racks. At others

T o St mern

FIGURE 8 - EXHAUSTED BRADES




the warp is first wound on a heam from the individual spools and then
transferred to the looms.  The latter practice makes a more compact
weaving unit as ereel racks vecupy several times as much floor space
as the looni. The creel racks are attended by a worker who is kept
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FLLORE LD - BEIALOATH L EAVS Loot

busy tving broken threads and replicing empty sponls with full ones.
The vecupation invoelves an exposure to asbe<to= dust for which the
looms are largely responsible.

The asbestos cloth is usually shipped to firms that convert it into
gaskets, fireproof clothing, and other products that require a non-
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combustible fabric. Some asbestos wick is packed for the market
without further treatment. JAshestos tape is usually sold to other
industries. Some plants that weuve brake bands sell it as a crude
woven ribbon of fubrie to finishinz fuctories, while other manufac-
turers of the material converr it into finished produets.
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BRAKE-BAND MAXUFACTURE

The manufacture of hruke hands proceeds in several steps, the
first being the impregnation of the woven fabric with either an as-
phaltic compound or a vegetable resin.  The latter is the newer form
of treatment and is rapidly supplanting the former. Fellowing this
operation a heat treatment is applied in a specially constructed oven.
In practice the ribbon of woven asbestos passes first into a vat of the
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treating substances and thence immediately into a baking oven.
These operations are carried on in a building that is well ventilated
and whiel iz removed from other structures sufficiently to reduce the
fire hazard. The treated usbestos fabric is now calendered into
ynifornt width and thickne<< and one surface is ground smooth. The
brake-band nterial is next ent into suitable lengths and holes drilied
into them according to pattern.  Finally, the finished brake bamds
are hranded und p:wk('d for the market.

In sotme plants molded brake hands are made of asbestos yurn and
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dosvithetie tesin The proress consists of qaesing ashestos thread
thrench w bath of resinons material and immediately winding it ypen
a spool or evlinder. Enough of the resin will adhere to the ashextos
to form a matrix inte which the ashestos thread will be imbedded.
When the desired thickness is obtained, the spool or cylinder is given
a heat treatment which Lardens the resin. The baked cylinder of
material is removed from the spool and cut into narrow sections. The
circular bands thuz formed are ground, machined, and otherwise made
readyv for the market,
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The grinding er surfacing of the brake bands produces considerable
dust. In the plants studied exhaust ventilation was used to control
the exposure.

BRITISH MANUFACTURING METHODS

British practice differs in many respects from American practice.
The saume type of machinery is used in buth eountries but in British
factories, dust-control equipment seems to be more generally used
than in American factories.  Briti=h factories specialize in the produc-
tion of fine yarn and this involves numerous ditferences in practice.

In England the processing of the asbestos begins. as it does in the
United States, with' the crushing of the ore. but when this operation
has been completed the manufacturing proce<s does not parallel
American practice until the fiber has been carded und is ready for
spinning into yarm. >ee fie, 12.)

After crushing, various grades of ashestos are blended in a machine
quite similar to the conventianal type of rotary concrete mixer. It is
of passing interest to note that the same deviee is nsed for blending
ten. The blend of ashestos iz pussed through a mucnetic separator
where certatn mineral impurities are removed. It is cleaned further
on rotary shaker sereens where some grit and fiber fracments are
eliminated. After sereening. the material i~ fed into a willower.
The British employ a vertieal willower that is known as a Creighton
opener. Its action is similar to that of the American willower, und
the internal revolving mechanism i~ retained. The willowed material
is subjected to a final cleaning on u second ~et of <creens: such an
operation is termed “sieving.”  Willowine is the Lt of the cleaning
proce<ses, after which the ashestos i~ pluced into bins and i~ thereafter
known as stoek. It is now fully prepared for carding.

The practice at the plants included in thiz investigation is to add
cotton to the ashestosand then zubject the combinatinm to a thorough
mixing in a picker machine. In England cotton iz added to the
asbestos on the carding machine. both fibers being fed ~eparately into
the breaker card. The cotton in all probability iz prepared for the
carding operation on a conventional type of combination cotton textile
picker machine which opens the fibers, cleans them. and forms the
material into laps.  The latter term is applied to the cotton which is
formed into a broad ribbon of felt and then wound into a roll.

English curding machines are equipped with a feeding convevor, or
lattice, upon which first the asbestos and then the cotton are placed.
The asbestos i+ wiced from a weighing box that is suppo: red over and
near the ouwside end of the convevor. This box feeds ashestos in
accordance with a predetermined ratio of the fiber 1o the cotton.
When a certain weight of ashbestos has wecuniilated in the box. a
mechanism opens the bottom and allows the muterial to fall upon the
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lattice. Further along a roll of cotton felt rests upon the lattice and
unwinds as the conveyor moves forward. Thus, asbestos covered with
a layer of cotton felt is fed into the first machine of the carding unit.
The carding aperation has already heen described.

The roving produced by the carding machines may be converted
into varn on either one of the two machines, both of which have been
discussed. Az was pointed out. the ring spinning machine produces a
much finer varn than the mule spinning device. Since the British
specialize in fine varn, the ring spinning frames are used virtually to
the exclusion of the mule spinner. The preparation of yarn for the
market and itz conversion into woven products will not be discussed
since theyv are similar to the processes used in this country.

OCEUPATION AL ANALYSIS AND A DESCRIPTION OF THE CHIEF OCCCPATIONS

The occupational analysis of the four asbestos plants covered in' the
present investigation is shown in table 1.

TARLE 1.—0cc¢ .petional aualyeis of warkers in the ashestos text:le mannfacturing
it sstry
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wttice and TasLe 1.—Occupational analysis of warkers tn the asbestos tertile manufacturing
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3 1 Reference to table 1 shows that a number of men have been listed
__d‘__..__l ' as foremen and second hands. These terms have been adopted
] . . .
e from the cotton textile industry. Thev do not always mean full-

ime supervisory duties, as might be presumed:in most cases foremen
ind second hands are engaged in all the activities of the department
to which they are assigned. Further mention of these occupations
is not made in the brief occupational descriptions which follow.




PREPARATION

Crushermen empty the raw astestos, contained in 100-pound bags, into the
pan of the erusher. They also operate the erusher and remove the asbestos fiber
after crushing.

Willowers or openers handle erushed fiber and waste roving,  The erished ore is
fed into the willowing mackine hy means of pitehforks. The willowed material
is wsually blown inte a special bin,  The waste accumulated by the machine is
removed several times dailv by the willower. Willowers also operate screens for
geparating coarse granular material ‘cobsr from the fiber.

Pickermen make up the astvstos-cotton batches ipiling” aceording to specifica.
tions and piteli the material into the feeder hopper and the picker machine,
The pickermen in <otne par t~ may hand truek to <pecial bins the material which is
blown from the machines.

CARDING

Carders oprerate the car i ¢ mackines and clean them when necessary.

Stockmere Landle the <ok prepared by the pickermen.  The material is eon-
veved by hard trucks from the stoek bins to the card feeders,

Tercdirs Towx after the otoen foeders and roving jack spools.  The latter are
removed when fuil, and ooplaced with empty jack spools.  The occeupations of
tender and carder are it ~orne plants mterchangeable,

SPINNING

Moule sprnrers operiate 2o Tirite ~;»irmin2 frames,

Riva epinn re operate rir 2 < Line machines,

Helpsrs 'bebbin buve  gssist the nale spinners and ring spinners conveying
full jack spovis of rovitg 1o the spuuners and carrying empty spools back to the
cards.  They gl trusie rr tue spun varn and attend to the roving jacks and
bohbir,« whenever reanired.

S»POOGLING, TWISTING, WINDING, AND TREATIXG

Spoolers tend the ~poclir @ mackines and haudle spools on which the spun yarn
ix W

Toe "sters and belpere rerate machines that twist spun material into heavier
and stronger varu,

Hinders operate yarr s

Treaters pas< varn thre gh speeial compounds fusually predominantly starch)
and wind it on burge revis o dri iz g In brane Holug manufacture, treaters handle
asphalt and re-incus materials with which the product is impregnated.

Yarn packers wrap atd tox Guished yarn,

I nLachines.

CLOTH AND TAPE WEA'\'ING
¢ y
Broadeloth oavere operate both dry and wet '“éa\}ing looms.
Tape wearers operate ipums for weaving tape and brake lining materials,
Irspectors ard calenderars inspeet and examine all woven material for defects
and pass tape and brake band- through calendering machines to achieve desired
width and thickness,
Creclers atterd to the creel racks on which the warp thread spools are mounted.
Cop winders operate cop-winding machines which wind thread on metal spindles
for use in the loom shutties.
Weaver help<rs u< ially attend to the drying of broadeloth which has been woven
wet. They alo haudle material for the creelers and weavers,

v
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ALL OTHER

Cord, rope, and wick workers operate speeial cord and rope-making machines
and braiding ruachines,

Brake-lining finishers include treaters and dryer men, ealenderers who operate
calendering machines for squaring useven edges, grivders who smooth off uneven
surfaces, and cutters ard drillers who cut the finished band to required sizes and
drill it for riveting to brake skoe~ for autemobiles and other machines, In the
plants studied, these occupatious were interchangeable.

GGeneral labar inclwdes thuse vecinutions as~ociated with maintenance of equip~
ment and generation of steam. Thev alsw iuclude janitors, watchmern, and
shipping clerks.

Superintendence is concerued with ti e supervision of all plant activities,

RESULTS OF THE ENGINEERING STUDY
DU-T ~TCDIES

In the present study. dust counts were made by the in:pinger
methad 12}, using ethyl aleohol and distilled water mixtures containing
from 23- to 30-percent aleohol as a eollecting fluid.  Two sumpling
methods were used for collecting du-t for chemical analysiz. (D
Settled dust sumples were eollected at the breathing level and 2+ air-
suspendded dust wa< collected with o <muall, hand-type, vacuum cleaner
fitted with a removable, paper-hae tvpe filter.  The latter method is
similar to a procedure developed by Hateh (5). See fig. 1. In
addition to chemical analyees. petrographic analyses were made on
several samples.  In order to determine the particle size of ashestos
dust, an Owens jer apparatus was emploved i2).  The samples col-
lected were men=ured by weans of » tilur micrometer at @ maznification
of approximately 1oo0 diwnseters oil immer<iony.  Photomiernozraphis
were also made of dust vhtained by the vacuum-cleaner device de-
seribed above,

NATURE OF THE DU~T FOUND IN A~HE~TO~ TEXTILE FACToRIE-

Coreposition . —Table 2 shows the results of chemical anuly~iz of
settled dust samples obtained by the Huteh method (3, Examination
of these tables does not reveal <iznificant ditferences among the various
samples.’ It will be noted. with one or two exceptions, that the total
ash (no water of ervstallization prezent) does not vary greatly.  The
value of 34.5 obtained for wet weaving sample ») is due to the moisture
content of the Just sumple.  Calenlations of compesition on an ash
buasis bring the values into cleser agreement than indicated in either
tuble.  ‘The results given for sample 11 in table 2 are for bruke lining
which bas been impregnated with resinous compounds.

2 Canulisn asbestos (crysetie’. the ashestos used in these factories, hus the following compasiion: Ash,
8370 Big, 40 49; K203, 127 Mufr 47 31 Fer0 275 pervent. (Asbestoss Vol 2, No. 7. January 1422)
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The loeses un ienition of all Salnplt's unulyzcd are due to the presence
of corton fiber and moisture. The 30.5 percent loss on ignition of
~ats o 2T an table 3 is probably due to the presence of eatton fibers,

I pussing, it may be peinted ont that ne carbonate of the order
reported by Hurlibut and Willianms was found in any of the samples
anulyzed (6. '

No quartz was found in any of the samples examined petrographi-
cally.

The consistency of the results indicated in tables 2 and 3 is more
remarkable when the physieal characteristics of the dusts are tuken
it cansideration. Figure 13 illustrates the gross appearance of the
Gt~ e e with the vaer s eleaper deviee above mentioned.
Euen ~atmpne st the ligure repre<ents two grams of dust. There
re o LDt o s difierenees ammenis the 2ampdes both i eplor and halk,
Preparation and carding * produce granular material, Weaving
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sumples, on the other hand, are bulky, the difference probably b,
due to the presence of long asbestos and cotton fibers in these sampl..
Carding and preparation samples contain cobs which are present |
the raw asbestos. The darker appearance of the samples shown ip th
top row of fizure 13 is difficult to explain. It is probably due to 1,
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FIGURE 14. ~MICROSCOPIC APPEARANGE OF SUSPENDED DUST COLLECTED WITH
VACUUM CLEANER DEVICE. 200X.

contact of the spun ashestos-cotton mixture with oily metal surfaces

The microscopic appearance of the vacuum cleaner samples i
tlustrated in figure 14. The presence of hoth cotton and asbesto:
fibers and of smull particulate matter is readily noted. The dust from
the curding room is most striking. 1t has few fibers and it bas
considerable particulate matter.
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reing ‘ Particle size.—The measurement of dust particles suspended in the
 ples. ! air of ashestos textile plants is difficult because of the presence of
It in | both aszbestos and cotton fibers.  The ditferentiation of these fibers
1 the under the microscope is not always possible. especially when the
) the fibers are short and fine. Several samples obtuined with the Owens

jet apparatus were examined with a petrographic microscope in order
to estimate the proportion of ashestos and cotton fibers, but no zatis-
factory technique could be developed for this purpose. In this study,
particle size determinations based on Owens jet samples were made by
three methods: (1) euscope projection device: (2) a filar micrometer
attachment to a miecroscope (using oil immersion, 1.000X), and
(3) by means of photomicrographs.

Data obtained with the euscope showing the percentage of fibers
(irrespective of whether they are cotton or asbestos) are presented in
tuble 4. These are based on Owens samples and not on impinger
samples. With regard to the selectivity of the device used, fittle
information can be given. althouch it is known that for diserete
particles, the selectivity of the Owens apparatus and the impinger
are the same (2}.
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TaBLE 4. —Relation of fibers to particles in various Ohwens jst 2amples
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The results ¢given in table 4 indicate that weavers are exposed to
~ ! the hirhest percentagze of fibers, This is to be expected because the
3 warp threads fray as the shuttle crosses them. Samples collected
4 near the pickers and carders have fewer fibers, while the dusts to
X which crushermen are exposed have the least proportion of fibers.
~ The relatively low percentage of fibers in suspended dust explains

{ the small number of fibers observed while making dust counts of

ITH impinger samples. The latter were usually diluted to give 20 to 30

! particles per quarter fiekl. Hence. except for weaver's samples in

ces, which eonsiderable fibers were obzerved, fibers ai. only rarely found

. s ) e mating counts of other samples. (Dust counts ineluded both
itos fibrous and nonfibrous particles, irrespective of size.)

o . Table 5 illustrates the size range of particulate matter. Two

has hundred particles in each sample have been measured by means of the

43162 38— 3




filar micrometer. As may be seen, the median size varies from 1,22
microns to twice this value, Fulton and his coworkers used uy
electrostatic precipitator to collect dust samples and caleulated ay
average value for the total distribution of fibrous and nonfibrous of
1.33 microns (4). The median size for particles less than 5 microns,
as deduced from data given hy these investigators, is approximately
0.47 microns, whiclr is much lower than the values given in table 3
of this report.  This difference can probably be attributed largely
to the type of sampling devices used in the two investigations.

TABLE 5.—Nize frequeney distribution of particulate dust suspended in the air of
ashestos textide plants

ereentage freque ney of cach putticle sige zroup
- X MEeTONs
Median matne
wredn sV aedard
meerens  devgn- 0 0% T 2 U5 3 33 4 45 %
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In determinine the length of fibers present in Owens samples,
photomicrographs were used. It was necessary to uvse this method
of men~urement becanse of the curvature and matting of fibers in the
micro~eopie field.  Thiz difficulty was overcome by using compass
painters and measuring each fiber vizible geross a given section of the
photomieroaraph.  The <ize distribution of fibers, classified by occu-
pution, 1= presented in table 6. The {ibers range from az little as 2
microns (430 nsenification s to a< high ax 400 mierons.  The median
sizes, o~ tuay be ~een by reference to the table, range from 7 to 16.3,
Fulton™s data indieates assuming all particles greater than 5 microns
to be tihers o niedian <ize of 13 mierons.

Tanee 6 — Modean longth of fless sampled itk an Quens jet apparalus
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No size frequency distribution with regard to the width of fibers
present in the air has been made in this study. However, it bas been
noted, with few exceptions, that the width of fibers colleéted by the
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Owens jet apparatus was less than 0.5 micron. This is in agreement
with the results given by Fulton, who shows more than 7S percent of
the fibers measured by his projection method to be less than this size.

DUHT CONCENTRATION IN DIFFERENT OCCUPATION>

In earlier studies of the dusty trades carried on by the Public
Health Service, determinations of the average dust concentration
have been of great value (1; in describing the working environment,
(2) in making comparizons of the effectiveness of different methods
of dust control, and 31 in relating health conditions to dust exposure.
In this study 242 impinger samples were taken and counted, and the
results have been elussified by vecupation in tables 8 to 1s.  Each of
the occupations carried on in ashestos textile factories has been dis-
cussed separately in the following section and data for the entire
industry have been brought together in table 19. In this industry
there are relutively few occupations in which workers do two or more
kinds of work which expose them to totally different dust concentra-
tions. In such cases the several exposures have been weighted ac-
cording to the average time of exposure,

For example, in plant A. willowers are engazed in the folliwing
activities: willowing, 3 hours: picking. 1, hours; storage-room work,
1% hours.  These aetivities are assoriated with exposures of 2.3, 36.3,
and 16.4 millions of purticles per cubic foot, respectively. Hence,
we mayv tabulate expusures as follows and ecalculate a weighted

average:

TaBLE T.— 1ot voposare of wllmeer, plant A
Tine ofon- Mmoot
frisire AEY & RS LN ¢ part s -
Nty huirs for o xposnne Ronrs ter
SRR 43 MPPCF, cube o

< & axt

Wik ming. oeeee ciaaen R 24 s
| 10X N £ e e i ir 3 ER!
STufage-fiwih Work . ... i th 4 X4 -
Tetal. ... . N ieeieneas il

WS il particle-hours percut - Lt

S hours =1, }mllina particles per cubie foot

The average dust count of the 10 samples in the above table, caleu-
lated without regard to the duraticn of exposure, would be 18.7
million particles per cubie foct.

Preparation.—Preparation includes the occupations of erushermen,
willowers, and pickermen. In plant B, these three occupations were
conducted in the saume room. while in plant A only crushers and wil-
lowers worked together. Picking tincluding piling), in the latter
plané, was done in a sepurate room, The dust exposures are indi-
cated in table 8. ’
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TaBLE 8.—ust exposuve of workers in the prepargtion depariment

Number of Dustconcen-
Ueenpation siuples e oen
"aKelt MPPCF)

Crashermen 9 2 3R.5
L eere .. m IL 1= it
Frohernen - ] ok 374 4

P Weghited averade,

Tt will he noted in table S that the crushermen’s exposure is relatively
low. In the plants studied, this work was carried ob near an open
doar.  However, it is doubtful that this occupation generates the
quantity of dust <hown in the above table. It is more than likely that
willowins and picking wnd even carding’ contribute to the dust ex-
posdre ol erushernen.

Wil ine o §emishied asbestos is not in it=elf productive of much dust
111 ealion paaticles per enbie foot - Only when waste roving and fly
fromey clotecollectarsare willowed does the dust connt inerease.  Duast
connts u~ hich o< 99 qaillion particles per cubie foot have been obtained
with v, A continnons ~ource of dast production results from the
manner in which willowing maehines are fed, The material to be
willowed s rinsed waist hich by pitelifork, causing considerable =pilling.
Willowers also operate shaker screens.

A prekermun performs several kinds of work. This is e-pecially
true in plant B, where pickermen not only assist in piling (mixing
of cotten and a<bestos), hat wlo aid in stacking the material blown
from the pieker juachine into <terage hins.  This last-mentioned
getivity prod-iees Just concentrations ranging as hich as 211 million
particles per enbie foot. Piekermen usually work in pairs and alter-
Date 1n teedinz the pieker maehine and tending to the storage bins.

Tl o~ dozie by hoth worhers together and eontributes to dust counts |

avers_ing 162 anllion partivles,

Picher machines, like willowers, ure fed by pitehfork, a method
which produces undesirable dust.  This is true even where picker ma-
chines Liave hionded feeder boxes,

The picker machines studied were equipped with oil sprays, pre-
sulmabiv to Ledd down dust. The ineffectiveness of this method of
dust eontrol 1= shown bv the o <10 cos wlidoty cwoend 0 milf,iug; par-
ticles per eubie foot of air.

Curiding— The brushing and cotabing of ashesto< and cotton fiber
mixtures by carding machines creates cousiderable dust. The
cardine action is sueh that small cobs and fine tale adherent to the
ashestos fiber are thrown into the air. This effect is accentuated by
the fan action of the brushes. The granular and nonfibrous appear-
ance of the dust present in the air of carding rootus has been shown i
figure 10.
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The exposure of workers in carding rooms is given in table 9.

TABLE O —Dauet crposeare oqf workers v egedeng de pee i st

Nognrerow iy
sunipdes veniration

Ovcupation
taken . (MPPCF,

Carders and tenders.._ ...
Stockmen fo... .. o

P Weghted averize,

The average dust concentrations in both plants A and B were
similar. Counts as low as 6.4 million particles per cubic foot were
obtained for some carding operations where machines were operated
at a relatively low speed and as high as 139 million particles for high-
speed operations.

In the two plants studied whieli carded ashestos-cotton mixtures,
all equipment was hooded and exhansted. Under the methods of
operation, which required accessibility to the machines, complete
enclosure was impossible.  Conzequently, exposed brushes. revolving
at high speeds. often nullified the effect of the control xystem.  Nor
could air flows in the exhaust svstem be inereased <inee a considerable
amount ¢f valuable fiber would be drawn from the brushes and this
would reduce the weight of roving to an undesirable extent.

Spinning.— Both mule spinners aund ring =pinners are exposed to
similar dust coneentrations.  The ranee shown in the following table
(table 101 for each oecupation is probably due to the presence of more
spinning and weaving equipnient where the dust concentration is

higher.

Tantk 10.—Dust exposure of workers in mude- and ringspinning depactmends

Number of  Dust con-

Oceupation simples  ceurratim

faken CMPRCF

Mule spinning. .. . - 15 267y
Ring spinming .. ... . 13 3,33

Mule-spinning operations require considerable space and are gener-
ally separated from other activities.  On the other haund, ring spinning
is done in close proximity to spooling and twisting and it is possible
that the dust counts are influenced by these operatious. The results
obtained for mule spinning check with those given by Fulton and his
coworkers (4).

Spooling, twisting, and winding.—The equipment for these opera-
tions is generally grouped together and therefore it is difficult to
obtain & clear-cut estimate of the amount of dust produced by each.,

TP IR YR e
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The average range of dust concentrations in plants A and B are shown
in the accompanying table (table 11).

TaBLE 11.—Dust exposure of workers in spooling, twisting, and winding departments

Number

Number gy e of Dust con-

Oevupation conide. | COHIraTlon Oecypation ecentration

wples  A\[PPCF) samples  \fPPCF)

Spoolers... ... i 32131 Rovingwinders ... . ... i 63
T rrere gl helpers. .. k0l $2-182  Yarmpackers . ... . .. 2 1.2
Universal winders.. ... i L= &4 Yarntreaters... . . . .. 4 1.7-3.6

Of the occupations listed in the table. twisting appeared to con-
tribute most of the dust in plunt B and to influence the exposure of
spoolers aund ring <pinners close by, Twisting frequently produced
concentrations of over 20 million particles per cubie foot of air, yet
connt< below 10 million particles were not uncommon.  Twisting
involves a constderable amount of fraying and when low-grade
matterials are used. the dust produetion is increased.

Winders and yarn packers are exposed to lower dust concentra-
tions than spoolers and twisters,  Here azain, however, because of
the provimity of the latter dust-producing oecupations, the amount
of dust wctually generated cannot be extimated. It iz hard to con-
ceive of such operations as roving winding and varn packing producing
muech dust.

Broadeloth wearing.~The dust ereated during the weaving of
broadeloth depends upon the number of warp threads per unit of
width, the quality and width of the material woven, and on whether
the operutions are conducted drv or wet.  If the warp threads are
close. the fraving action which takes place during weaving produces
a considerable amonnt of dust. With =ome looms the dust concen-
tration was found to exceed 140 million particles per cubic foot.
Aversze dust connts obtained during weaving operations are shown
in table 12,

Tasik 12 -- Dust cxposare of warkars associated with broadeloth wearing

Numberaof Dust eon-

Ocrupation amides  eentration
taken (MPPCF,
Wenners ot be Liems
iy .. . <o 3} T~Y T
Weliiiy ceiiiiiiaanaanns T 4L
Creelers and helpers_..__...... ' 4 ' 3.6~9.8
In-pector< and calenderers._. . 3 3.6~10.5
Copwinders.. . _..ccoovumann. 6 3.6~ 84 ,

. ' i

Weaving operations are intermittent owing to frequent breakage
of warp threads. Consequently, workers are exposed to alternate-
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periods of high and low dust concentration. Ou the other band,
weavers must puy close attention to work and are subjected to heavy
exposures while the looms are in operation.

The dust coants shown in table 12 for weavers and helpers illus-
trate the differences between dry. and wet weavinz,  Both dry and
wet weavibg are carried out on similar looms in close proximity.
However, operators are interchangeable and are not specifically.
de~titiited as «dry or wet weaver<s,  Under sueh conditions, it iz im-
poessible to gauge the actiml exposure of a weaver. The low eount
of 4.7 million particles per cubie foot civen in table 12 for both dry
and wet weaning i for a - 0 L with one dey and vne wet loom
in operation ~ide by ~ide. 7o zher eounrs are for a larger plant
pramifacturitg all types of b doth ae st the time of the survey
baving from S to 12 loems in operation.

In view of the hich counts vbtained durine broadeloth weaving. it
wonkd be expected that ereclers are exposed to comparable coneentra-
tions. That this is not the vase. however, i< indicated in table 12
With all loows in operation, s is frequently the cuse. the counts
might conceivably be higher. The <ante is alse true of Inspeetors,
calenderers, and cop winders who work in the weaving department.
Thes=e occupations do not prod e faree amonnts of dust.

Tape, wick, aud brakeba- . ocarivg—The dust exposures for tape,
wick., and brake-band weaver: are indicated tu table 13.

Tasre 13.—Dusl exrposare af v on awsaciate 5 e wich, and hrale-hand
uu'mg
N o e
Oty st 2 ORI vrre L on
[3SN Miret'F
Weavers «tage o o v ok, 3 T T
A N . 1y tT-y
¢ neel N > PRI |
Cawenferers (o L0 L. i Lo

It mayx be seen from thiz tuble that tape. wick, and brake-lining
weavers are exposed to lower dust concentrations than broadeloth
weavers. Excepting certain tyvpes of brake bands, the frayving of the
warp threads during weaving 1= not as ¢reat as in broadeloth weaving.
However, with heavy bruke bunds, such as are used on trucks and
hoisting machinery. the dust coneentrations hecome high and com-
parable to thoze ohrained in broadeloth weaving, It iz in the manu-
fucture of such brake bands that creelers ure exposed to counts of
20.3 millions of particles per cubic foat of air. Calenderers, being at
some distance from the looms. have a low exposure. The dust counts
obtained for the tyvpe of weaving here dizcussed were consistent in all
Tour plants studied.
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Cord, rope, and braid working.—Other activities found in the
a<hestos textiles plants are concerned with the manufacture of speecial
products, such as cord, rope, and braid. and in treating and finishing

varn, These operations produce little dust as may be seen by

reference to table 14.

TaBLE 14— Dust exposure of workers manufacturing awd finishing special
products

Nunbwer of | Dust enn-
Ucepation samples  centration
taken  AMPPCFE.

Cotrd, o, and brard workers, . 12102
Yarntreaters .. ...oioooao 3 1.7- 3.6

The equipment used in manufacturing these praduects does not
operate continuously.  None of the operations of cord making. rope
making, or bratding requires full-time personuel. and a <mall group of
workers performn all these joh<. The highest dust count (10.2) in
table 14 i~ for braidineg,  The counts obtained for varn treaters are
influenced by the operation< undertaken nearby.

Brake<band fini<hing ~—This generates liftle dust. In the plants
studied, finishing operations were conducted in separate rooms or
buildings.  Dust counts are shown in table 15,

TaBLE 13 —Dust vrponurc of worksrs mancfacturing fivivhed brale-band lining

Number  bPaust oone Number  Dust con-

Ugcupation Sosmples eontest on Oectpation fsamphes aentration

tahet CMPRUE tawn (MPPCF
Treaters and drers | 1 1.7 Curter<and de ilvh . [ | S
Cabndorers. .. . . . 1 L% Brauders, 1 1 8
G teps . . L L. . i $2 0 Cotlers _ 1 Lo

Worker- emploved in the ocenpations listed in this tuble are exposed
to dust which differs in composition from the dust found elsewhere in
ashestos textile plants. Thi~ i~ Deewnse the dust generated by
arinders, cutters, and drilleis v -0 i s o is maete up of resin.
asphaltum, asbestos, and 1. e wnalyticud rewilts for sample
11, table 2

Umcdlaneuas gecupations,—1In additien to the groups d)rmth
concerned with the manufacture of textiles, a considerable number of
workers (engineers, general laborers, elerks, and ~upnr1ntendem~\ are
engaged in other activities. With the exception of certain foremvi-
these workers are exposed to low dust concentrations. The data
presented in table 16 require no comment.
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TABLE 16.~—Dust -exposure of miscellaneaus groups

‘ .\u(r}n Der  Puyer e . “\"f,"zh"" Dast v
Ueettpation y ¢ eniraten Qceupation s < oentrarea
samples Ve , samples F,
“ laken AMPPCF: ' Tlaken : GPPCF
2 1.2 Yardmen. 2 0, 1
2 3 Furemen (plant) (4 [LF
H 1,2 Sapwerintendents 2 Y
1 PRI S O Rl K

1 samples and expusures depenid on the achis tes with which they are assoctated.

PREVIOUS NDUST EXPOSURE

The dust concentrations discus<ed in the preceding parazraphs
represent present~day conditions.  The officials of ashestos texule
plants have in recent vears attempted to control the dust bz
In the plants studied, etforts have heen made to exlinsy pleains
earding., and brake-band crinding nwchines,  cAnother plaut, whick
will be diseussed later, has extended the use of control equipinent o
pearly every dusty operation concerned with the manufacture of
ashestos textiles)) A knowledoe of the exposure of workers prior
to the introduction of control enquipment is important in correlatine
clinteal findines with dust exposure

In order to estimate past exposure, the air tlow through varions
hoods attached to carding machines in plant X was shut off for 2
hours,  Dust was allowed to acenmubate for T hour prior to <ampline,
The dust thus cenerated eansed pueeh inconvenience 1o emplovees i
the cour~e of their work.  For this reason, pernidssien o <l o
exhaust equipment was not sranted in other plants studied. Cordine
maechines are sensitive to ~lizht air movement~ amd are conseqguently
difficult to regulate.  Onee they huve heen adjusted, anv extern, |
disturbance atfeet~ the weicht of the rovinge produced.

The dust counts obtained under condittons <tmulatine thase price
to the installution of the exhau-t system are shown in table 17, For
eontrast, present exposures are included.

TaBLE IT.—Duxt eounts when enntrol voasures are used and whenw they are vnt jr s

Aver e Duer ¢ Averze frese o
duet IR IT C [
Ocrupation count - ROt on [SERasS -
rast Pieer [ e -
(MPHCF  MPPOF. MPPCOF MPEF
Censfetrien.. oo . . 2 23 .. i M
w e . w2 A N r~ -
Ploketmien. oo oo tin 3 r~ 3.9 L2
Arders. el | 23 S e R L7

The low counts obtained for the occupations listed below carders is
due to a partition which separates them from the carding machines,
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Mule spinners are located immediately bevond this partition, and
the dust count shown is due to dust which has passed through an
open door. .

Three dust samples obtained in the carding room 1 hour after the
exhaust fans were shut off gave counts of 77, v3, and 78 million
particles per cubic foot. At the end of 2 hours a sample taken in the
same room gave a count of 61 million particles.

No major changes have been made in plants C and D since the
start of operations, The dust counts made ure essentially the same
ag those which have always existed. On the other hand, no data
are available for past exposures in plant B. This failure can be
attributed to several factors, but principally to the gradual expansion
of the plant with the growth of the imdustry, which increased the
amount of equipnent, and the chances made in recent vears with the
exhaust svatem.  The first of these fuctors appears to have nffected
all operations conducted in the plant, while the latter is restricted to
the carding and preparation departmentsz.  In addition, it may be
pointed out that plant expansion Lias tendwd to incresse dust produe-
tivity, while the intoduction of exhanst svstems hax reduced it.
Hence, it may be assuined that the exposures of all occupations in
plant B fcllowing earding were probably hicher during the study
than prior to expansion. It must also be remembered that more
men have been werking sinee the introduction of added equipment
than at previous times,

INTERPRETATION OF DUST COUNTS

The z;vemge dust concentrations just diseussed make a satisfactory
measiure of dust exposure for most purposes.  In eorrelating medical
findine~ with dust expo-ure. however, it i< frequently advantageous
to express the dust exposure in units which comhine duration of
expostire with average du<t concentration. An easilv calculated
deseriptive value was developed during statistical analysis of the
result= of an engineering and medicual study of anthraco-silicosis (511
If & worker's dust expoeure has been unchanged for all practical
purposes during his period of employment the average dust count
(in million particles per cubic foot1 is multipliedyby the duration of
exposure in vears. The product is used as a nimerical measure of
his tote] dust exposire. 1o worke s Lis ol zed his acoupation (amd
in so doing has changed his dust exposure appreciably ) a calculativs
such as the one shown in table 18 iz made.

a—

T e NI A -

Jreve

TasLE 18,

! Plant A.
! Prior to 10

Weighted du«

The wor
assigned a
of simplicit
42, for exar
to be tabwn
would he a

The co
culties.
by cantro
and in es
difficulties
necessary
which der
this requir
~uitable d.
requisite a
of hoods f
telatively
iwing suhj
“Vstem. |
wlequate

The dus
i
Hised onp ¢
iy and
, “neer |
o1 whiely
e of cop
~alion pert

The dust
Partnemn



rtition, an
through ap

ur after the
78 million
aken in the

D since the
¥ the same
id, no daty
ure can be
I expansion
cteased the
irs with the
tve affacted
estrieted to
it may be
ust produe-
reduced it
upations in
the study
that more
equipment

satisfactory
ing medical
Vantageous
luration of

caleulated
viiz of the
licosis (51),
I practical
dust eount
duration of
measure of
pation {and
caleulation

— ey

A —e e

TasLE 18.—Erample showing the metnod of computing the dust expos«re of ashestos
textile workers !

Millivps of
Xumber of Du<r eonnt particle-vears

Oreupaton of werker sears in MPPCF)  per eute
wrpnn fuut of ur
[y .nieri._.,,... e 3 3 RUR']
Carder _._ . v 2 P S 3w 2
Aule -pm"er 2 2.6 A2
Total............... T eeieeeraanen a3
- Flant A
: Peop tu astallation 6f exhapst <y ez,
23 ma. o palt e o cubi o . N
We.ghted dusl ésposure = ! ‘nf ‘:;‘“h per_cuhic o =10 mullion particies per cubiv fuat
¢ Sears

The worker whose dist exposure las been caledlated in table 185 would be
asddgned a value of 25 mall particle-vears in tabulations {n which, for the sake
of simplicity, it was desitable 25 have a vnesterm measure of dust exposure; table
42, fur example.  When averare dist concentration and duration of esposure are
to be tabmlated separately, a- in table 43, the individual deseribed in table 18
would be assignied a dust conesntration of 40 million particles per enbic fout.

THE CONTROL OF ASBESTOS DUST

The control of du~t in industry often entails many practical diffi-
enlties.  The-e difficnltie- pertain chietiy to the handicaps imposed
by cantrol equipment Mpun the performanee of the work being done.
and in e<tinm iting « priori the air volumes required.  Both of these
difficulties are inhereut in the asbestos industry.  The arrangement
necessary for removine dust from carding machines and from looms,
which demand acces<ihiiity to all parts. is self-evident. Added to
this requirement i~ the limited information available with regard to
suitahle design of equipment for each dust- pmdu( ing source aund the
requisite air volumes.  The latter iten ix most important in the design
of haads for carding muchines, inasmuch as air velocities must be kept
relatively low in order to prevent the asbestos-cotton mixtures from
being subjected to air ecurrents which convey them to the exhaust
svstemn. At the same time, however, the velocities chosen must be
adequate to maintain the dust below the sufe or threshold limit.

The dust-control data contained in the following paragraphs are
based on ohservations made in two plants included in the present
study and on data obtained elsewhere by .Assistunt Public Health
Engineer Richard Page (7). The data presented include operations
for which control methods have been developed. In addition. the
type of control equipment used in England is discussed. although no
“zalues pertaining to air requirements are. available in this instance,

IS
5

PREPARATION DEPA RT.\IEST

The dust counts preseuted earlier in this bulletin for the preparation
department apply to uncontrolled conditions.

A very high degree
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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 machines in the plants studied were not exhausted or
serregated.  In Encland, on the other hand, it is customary to enclose
and segregate o1 .~z eqoipent while it i= in operation. ‘
Wl Ao ,m\\'i”m\in;: machines are often pmductive of
Ingh dust concentrations (36 MPPCF). A= has been previously
mentioned. this dust is caused both by the manual methods used in
feeding these machines and by the action of the machines themselves,
Consequently, a reduction of dust concentration may he obtained by
using a conveyor feeder which eliminates raising materials to waist
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FIiGURE 15 —EXHAUSTED PILING BINS.

levels with forks and using an exbaust above the feeder box and below
the machine housing,  The willowed material should, of course, be
pneumutically conveyed to a suitable bin which is segregated from the
prvl'ul'utiun room,

In the case of two machines equipped with exhaust, it was found:
possible to reduce dust concentrations to 3.6 MPPCF. The exha.
hoods located above the feeders drew 400 CF\I, while the downware
exhaust below the willower housing drew ameunts of air ranging fro.
223 CEM to oo CEM L the atter air flow being nsed on a fly willows”
(See fig. 4.) The air handled by the pneumatic conveyor was L™
CFM. For the 1l-inch diameter ducts used, this corresponds te #*
air velocity of 2,730 feet per minute.
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Piling.—Piling operations are usually conducted close to picking
machines. The dust generated by this operation may be effectively
controlled by using cna ! eshansred compartiient o P i Comprre-
ments constructed as shown in figure 15 and handling approximately
1,025 CFM of air reduce the dust concentration from an average of
20 to 5.4 MPPCF.

English proetiee in §ifine consists in using exbie s nanifolds olese
to the mixture being made «fig, 16).  Air volumes are not available for
the type of exhaust shown in the figure.  The method appears to be
cumbersome and to interfere with the process being carried on.

Fiekirg—The exhanst control used on picker machines is partly
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FIGURE 18 —EXHALST VENTILATOR USED FOR PILING CFESATIONS BRITISH
PRaCTICE),

One hood is connected it the feeder end and one
The center portion of the pirier i< also exhausted
(not shown in ficure:. With this type of arranuzenient the dust con-

centration averazes 6.7 MPPCF. This value iz vonsiderably lower

than found among uneontrelled equipment whicl exceeds in many

instances 74 MPPCFE.

Tt was found that hoods above the feeder handled 500 CFN; the
downward exhaust at the center measured 1,620 CEFM; at the discharge
end the air low was 430 CFM.  Pneumatic conveyors attached to the
discharge end of some of the pickers handled 2,000 CFN.  These
dycts were approximately 12 inches in diameter, thus providing for
a conveying velocity of 2,330 feet per minute.

shown in figure 17.
at the dizcharge end.
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It is possible with special convevor belts operating between the
ashestos-cotton piles and the feeder mixer that the dust concentrations
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FIG  RE 17 ~SCHE%ATIC DRAWING OF EX-

HA_ST SvYSTEM USED WITH PICKER

Mol —INE

might be reduced helow the
ralue of 6.4 MPPCF, indicated
above.
CARDING,
Two tvpes of dust-controf
equipient are at present used

on earding machines.  The first.

type consists of 2 hood which is
loczted directly above the ex-
po~ed breshes of the macline
tfie. Is0, while the secand type
ix totally  enclesed and  ex-
hausted at varions points ifig.
G . Stdies mude of the first

type of exbanst sxstems showed o rednotion in dust concentration
ranine {rom 7203 MPPCEF when no ventiiution was applied to 291

with ventilation,  The air -
flow tor each hood averacod
soee CEML whieh corre-
~ponded to six uir changes
per hour in the room in
whirh thecardswereloeated.”
Tt my he seen that the type
of Livend and the air low used
redce lihv dust coneentra-
tion to appraximately one-
thind the stoount created
withe v ventiluton,

The secand tipe of ex- §
S S O I TR lnu\('(l .
more effective than the first 4
in teducine dustines<,  The E;
dust coneentratien determe §
ined from numeroussamples .-
runged from 1 to 3.9 million  §
particles  per cubie foot. F
This Ligh degree of dust g, .
removal waz accamplished ¥y

with an arrangement similar - -~ "

FIGURE 18.—VERTICAL EXHALS™ VESTILATH
APPLIED TO A% LINENCLOSED PRIMARY CARD
ING MACHINE

to that indicated in figures
19 and 20, In the primary

card, hoods a aud b discharge upward.
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pear the venter of the machine.” The openings d, f and f’ are located
at the bottom of the cards und exlizuszt the bottom fly which aceumu-

fates. The air volumes exhausted by euch opening are indicated in

the figure.
In addition to eareful enclosure of the machine proper in the second

tvpe of systemn used, the feed box i~ earefully covered.
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FIGURE 19 ~TOTALLY ENCLOSED EXHAUSTED PRIMARY SARDING MACHINE.

The design of an exhaust ~vstem for earding nachines is rendered
exceedingly ditheult owing to the euze with which earding materisl
Hiuh air tlow < may seriously atfeet the quality of the

Likewise, a poorly constructed housing may erecte

eddy current~ which ntay prove

bathersome.  Anv <vsrem de-

= & veloped requires cave and exper-
ient in de<ien.

leaves the roll-,
roving produced.

RPAGLING AND TWIRTING

. The dust generated by spool-
b ing operations may be incen-

TOCOC DI OEOITA NG 2o jousty controlled by a system
- < of canes in which the spoels ure
e L inserted and exhausted. Such
SSRECLTARDIA DRI Conee svstem is shown in figure 21.

FIGURE 20.—ELEVATION AND PLAN FOR

BEOOLING EXHAUST SYSTEM. Each caze is constructed so

as to offer a minimum amount
of interference to the work being done. In the case of four Foster
winders (200 spoolst each cone iz 9 inches in diameter across its
widest part and 2 inches at the duct connection. The cones are
each 10 inches deep. Two hundred cones were found to haudle an
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ageregate of 9.270 CFM or an averaze of 46.53 CFM per cone. The
dust concentration averaged 2.9 MPPCF. Without the cone svstem
discussed above, the dust concentration for the same operation was
13.1 MPPCF,

Twisting machines are more difficult to exhaust locally than
spoulers.  Figure 22 shows a system which bas been partly completed.
It consists of exhausting the lower section of the twisting machine
by extending a duct with openings along the entire length of the
equipment. Each svstem attached to the machine is intended to
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FIGURE 21 —EXHAUSTED SPCOLING FRANE

exhaust 1670 CFM.  Dust determinations to establizh the effective-
ness of this sy<tem could not be made owing to the fuct that only one
of 1t twisting machines was equipped with exhaust and the counts
ubtuned were affected by unexhaus<ted machines operating close by.

WEAVING

Any system developed for removing dust generated by broad
looni~ represents the accomplishiment of one of the most difficult
operations encountered in the desien of exhaust equipment. Never-
theless, thi< has been done effectivels P ! in i conntiy and B
Englund.  The American system showu sclientatic chiy in figures 2
and 24 conxists of a downward-draft hood fitting close to the shuttle
rack of the lvom and a movable upper exhaust hood which operate~
on the surface of the woven material. The latter hond is actuated
to and fro by the action of the loom lay to which it is attached.
The hood is connected to the main exhaust duct by means of a flexible
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air ticht joint. Both the downward and upward exhaust hoods are
parrow and possess the advantage of hizh opening velocities. The
upward-draft hood connected to the loom lay is segmented. Each
hood u~ed. as indieated in fizure 24, handles 1.300 cubic feet of air
per minute and reduces the dust concentration to an average of 0.7
MPPCF. Thesystem

A g T —— T T
is this extremely etfee- ¢ R
tive, <iee on uncon-
trolled looms the con-
contrating  averawes &
0.7 and may exceed N
140 MPPCF. : B AL AT
The Enzlish method . . .- \ -
for exbia ~ting looms - - e e
differs considepably & 7TTTTIITO L0 - ;__;.w’ -
from Arnelican pracs ":ﬁ I 'tf;y,__”_f:
tice,  Ire the former ¢ - i e e
sv-tem wil parts are B
stationary fig. 25 : o s @
The looms~ are  ex- B AL NS 77
hausted upward by ?‘{?{”@"9‘51
hood~ located In front ; ,('|;~~ .
of the aperator aud | ;‘%’}“
resting w short die- g
tance awey from the - . X
lav. Tl houd eon-
slzt= of two partswhich N
may be turned back !
whenever  repairs to
the loom are neces- ;
- . e e A

th

arv.  No data as re-
gard< air volumes used
in this tvpe of equipment or its etfectiveness in reducing dust are
available,

FIGURE 22 —Ex~a_STED TAISTING FRAME

INSPECTION

In :ome plants, asbestos eloths are brushed during inspection.
The uzual procedure consists in brushing the cloth from above and
below as it passes over the inspection table. An inspection table of
this type with exhaust houds iz shown in figure 26.  The hoods used
are located near the cloth brushes, and extends the full width of the
cloth examined. They are. however. ouly one-half inch in width.

A study made of an inspection teble <uch as discussed above
indicated that two hoods located on either side of the cloth handled
approximately 730 CFM each. A third brush and hood located near
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the jack spool at the end of the inspection table handled 192 CFM.

These hoods reduced the dust generated from a value of 11.1 when no

ventilation was applied to a value of 0.5 MPPCF with ventilation.
SUMMARY OF THE STUDY OF THE WORKING ENVIRONMENT

The encineering data contained in this report are based chiefly

on a study of 1er asbestos plants. Dataon drist control methods
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te handled 192 CFM, Dt eoneentrations were determined by means of the impinger
,vfdu? of 11.1 when no t technique using lizht field counting. In all, 242 impinger samples
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TABLE 19.—~0Occupational dust exposure of workers in four asbestos textile plants

{
ta Number of Dast concens
: Nymber of !
Activity and oeeupation R \auu»tes tration
¥ e , workers  Ttaken | QLPPCF)
Preparation: i ‘

Crushermen ! N 91 9 2.3-6.3

Willuwere T R OHIL 14380
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The chemical and petrographic analyses of dust samples were
determined from both settled dust samples and samples obtained
diregtly from the air by means of a vacuum cleaner. No great dif-
ferences in composition were noted between carresponding sambles
collected by these two methods, Total ash was approximately 77
percent for all the samples.  No free silica (quartz) could be found on
petrographic analysis,

Particle size determinations of Owens jet samples were made by
three methods. namely, (1) with a euscope projection device (for de-
termining the ratio of fiber to particulate matter). (2) by means of a
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filar micrometer attachment to a microscope (for measuring the size of
particulate matter). and (3) with photomicrographs for measuring
the length of fibers). This study showed that the ratio of fibers to
particulate matter varied considerably from a maximum of 2¢ per-
ceut for weavers to a minimum of 1 percent for crushermen. The
median particle size exelusive of hbers) was approximately 1.8
utierons, - The median fiber length varied from 7 o 16.3 microns. No
distinetion could be made hetween eotton and asbestos fibers.

In moszt of the plants studied the control of the dust hazard was
timited almost entively to provisions of exhaust 2vstems for the carding
machines.  Data. however, are available to indieate the effectiveness
with which the duzt problem can be handled in an asbestos textile
plant.  An effective method emplovs the wse of hoods aml exhanst
equipment fitted at each dust-produeing source.  Duta showing the
effeetiveness of exhast equipment is presented in table 2o
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It is evident from the above table that the du~t hazard in the
ashestos industry can be greatly reduced. It i~ further clear that
the necessary coutral methods have been developed and are now in
use. With the exception of pickers who ave expozed ta concentrations
of 6.7 million particles per cubi¢ foot under controlled conditions,
exposure in all other occupations can be kept below 5 million particles
per cubic foot. Tt is possible with improved methods of ventilation
to reduce even the picker’s exposure to less than the figure indicated.
The following recommendations are made:

1. Dust should be controlled at the point of origin by means of
local exhaust hoods z0 designed and operated that no dust is permitted
to reach the breathing zone of workers or to contaminate the general
‘aif. Dust-removal devices, which are capable of reducing the ,dust

- concentration to a level of 5 million particles per cubie foot or lower,

have heen developed for all operations in the ashestos textile inietry

).
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2. Since material leaving picking machines is productive of con-
siderable dust, sterage rooms receiving such material should be ex-
hausted. Warkers who must enter such rooms while material is being

Blown <honld be oquipped with approved types of respirators. No

mitterin. <honld be removed from storage rooms while the picking
marchine is in operation.

3. Cleant air should replace the dust-laden air removed by exhaust
svstems attached to the equipment. This requires. in event of recir-

‘eulation of air. that dust concentrations entering any room be kept at

levels compurable ta that found in outdoor air.
4. Perimlic studies of the condition of the working environment

Cappeur necessary to determine whether the control methods adopted

are constantly adequate. This requires that dust concentrations he
determized for each operation.  Ventilation measurements are equally
importaut.  The work of inspection and review should be performed
by per-ous trained for such studies.
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STATISTICAL DESCRIPTION OF EMPLOYEES
OCCUPATIONAL HISTORIES

At the start of the medical examination the physicians questioned
each worker to obtain a complete record of all the jobs at which he
had worked. This information was recorded on the portion of the
physical examination form reproduced in figure 27.  After the basic
census data (name, age. sex, color, and marital status) had been
recorded the worker was asked how old he was when he first began

CASE RECORD

MBI oomoee e o e mm wmm e e i m A mwn <o memnm s s o meen DG of btk i e
(Surname) (First Nsme)
AGEPOEE o e o ok o T s e e S
AgE.oeomomnem SeX..ommons COWEoeeanemrcanns < Racial Boek e M. S W, D. Sep.
PIMAL oo e mmmm s mmh e Mmoo mmm e o Address .. ... . ooeumeo-
Yesrn worked. . ..o Tume idle

QCLUPATIONAL HISTORY

WORKING COMOITIONS

e whing CONTROL MEABUNES, XTC

HOM_DUSTY

YEANS
ANDUSTRY — e e maee
BAECIFIC JO8 . o

Total Years

FIGURE 27.-~FORM USED FOR RECORDING OCCUPATIONAL HISTORY,

industrial work., This fizure was subtracted from his present age,
and a line of questioning was begun to elicit information on the work
done in the intervening vears. No occupational history was regarded
as complete until all of this time could be aceounted for by definite
entries. The job he held at the time of the study was entered on the
top line of the occupational history, together with the number of
vears he had held it, the name of the department in which he worked,
and any other pertinent data that could be obtained. Next, he was
asked what he had done previously, and again a complete entry was
made. The name of the factory was entered for each period of em-

(43)
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plovment in the asbestos textile industry. After each job bad been
accounted for. the worker was asked what he had done before that.

If a man had worked in an industry in which workers are known to
he expozed to pneumoconiosis-producing dust, entries were made in
the last column to show what materialz he handled and whether or
not dust-control measures were in use. Information on previous
emplovment in dusty trades is of paramount importance in a study
such az this.  Any eazes of prolonged exposure to pneumwoconiosis-
produeing dust other thin ashestos must he treated separately,

After the field study had been completed. an engineer assigned dust
exposure values to each worker. following a procedure illustrated in
table 1S, In assigning these values, consideration wus given to each
joh a worker hud held in an asbestos plant.

The importance of the oceapational history in a study of this kind
can scarcely be overemphasized. It iz the connecting link between
the envineering  aud medieal studies. The correlations between
teedieal findine- and dust exposure that adequate oceupational his-
tories muke pos<ible provide means for extimating the dust coneentra-
tioti~ t which workers may he expo-ed safely.

Only 23 persons reported previous emplovment in an industry in
wlie b workers ware known to he exposed 1o pneumoconiosis-producing
du~t. Such petiod= of emplovment usually were o short that ne
deleterious effects would be expected. Twentv-one persons had
normal hune-tield  marking<. Ooly one of these 23 persons had
a~bestosis at the time of thi= study, a man who had worked 3 years
in a foundry and 10 vears in asbhestos textile plants.

COMBPARISON WITH OTHER INDUSTRIAL WORKERS

Five-sixths of the employees were native-born Americans of Anglo-
saxon stock and the remginder were Negro males,

Before heginning work in ashestos textile factories, more than 200
of the 341 persons hiad worked at similar oecupations in cotton or wool
textile plant<. .\ large proportion of the emplovees had worked
on furms cither before becinning industiial work or in intervals be-
tween periods of industrial emplovyment.

About 15 months before this study was hegun, approximatelr 150
workers in these ashestos textile factories were repluced by workers
with little or ne previous ashestos exposure, Although an effort was
mmle to examine as many as possible of these former workers, less
than half could be examined. Partly as a result of these personnel
changes, the group of employees examined in this study had an un-
usually low average age. There was an abnormally large percentage
of workers with less than 5 yvears’ employment in the asbestos textile
industry and an aboormally <midl percentace of persons who had
worked 10 vears or more in this industry.
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LY = | TN
St 4 years
i yenrs .
Juto s venrs ...
2510 M vears
it o £4 Veurs
PO Y Years
T vears and ¢
Unknown age .

Averuze.. .
Sratiefard Jev

The low
be kept in m
factories witl

Industrs

Arbestos teztije
Iron and stee!.
Granite eutting . .
ADThracite mines |
Fur cuttine

Porvery .
l:'nq offive_ .
Foundry

The avera:
asbestos text:
which the P
males employ
females 30.4

TABLE

——

Total......._.
White males

White females_
Necro male~




AT .
WM' W

After each job had beep
had done before that.
*h workers are known to
t, entries were made in
bandled and whether or
iformation on previous
" importanee in a study
iure to pneumoconiosis-
eated separately.

1 engineer assigned dust
procedure illustrated in
ation was given to each

“in a study of this kind
onnecting link bhetween
» eorrelations  hetween
quate oceupational his-
ting the dust cuncentra-

ment in an industey in
eamoconiosis-prodieing
were =0 short that no
centy-one  persons had
these 23 persons had
ko had worked 3 years
lants,

L WORKERS

i Amerienns of Anglo-
ales.

wtortes, more than 200
ations in cotton or wool
employees had worked
‘ork or in intervals be-

run, approximately 150
re replaced by workers
Although an effort wa.
sn foarmer workers, less
sult of these personnel
this study had an un-
‘mally large percentage
- in the asbestos textile
e of persons who had

ot s

17

TABLE 21.—.1ge distributian of asbestos waorkers

Number of workers .
Age Total

White | Whige | Nemro |

males fermales ( males
5 7\ O PO ) 338 s L5 541
Cpler M years ... ... e e - 14 12 2 o S
"Eonttlf‘-’l LR TN R, bt ! M ' 17 . 11
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2t o 34 Lear A . 16 12 9
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Unkoown ace. .. 1 Q 2
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The low average age of this group of ashestos textile workers must
be kept in mind in making comparizons of health conditions in these
factories with health conditions in American industry in general.

TABLE 22.—.Veerage age of white male industrial workers

Putlie }P{uh‘!l;'

“te Tes K “48 eslth

Inds-try Avere L:“ "i‘, Industry X “f;,‘ T e
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Foundry ... ... s [ O

The average age of white male industrial workers is less in the
asbestos textile factories studied than it is in 14 other industries in
which the Public Health Service has made similar studies. White
males employed in ashestos textile factories average 32.1 vears, white
females 30.4 years, and Negro males 32.4 years of age.

TaBLE 23.—Length of employment in the asbestos tertile industry

) Years emnployed in ashestos textile 1adustry
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Corre=pondingly. the average length of employment in the asbestos
textile industry is relatively short.  Only 18.5 percent of the employees
Lave been emploved in the ashestos textile industry more than 10
vears. In the 13 industries included in table 22 for which information
on length of emploxrment is readily available, only tweo industries have
as large a percentage of employees who have worked less than 10 years.
This i partly accounted for by the fact that the asbestos textile
industry is of comparatively recent origin in thiz country. Only one
of the plants studied had been in operation before 1920,

MEDICAL STUDY
PROCEDURE

A medicul examination was made of each worker emploved in the
asbestos textile factories of North Carolina during the winter of
1035-56. A wroup of former ashestos workers was also examiuned in
order to obtain a complete sumple of ashestas-exposed workers,
Otfice workers and other employees not exposed to ashestos dust were
included in these examinations.  They are classitied as controls.
Included in this eonteol group. which numbered 76 persous, were 27
persons <ecking employment jn the ashestos industry for the first
time.

Befure making any medical examinations the two phyvsicians made
an inspection tour of each facetory in which this study was made in
order to familiurize themselves with the vartous jobs or occupations
involved in the manufacturing proces<. This 1s a necessarv pre-
requisite for taking a usable oecupational history.

space for exumination and fluoroseopie rooms and laboratory was ohtained at a
lieation as couvenient as possible for all concerned.  Au improvised darkreons was
tsed for fuorosenpy atd for processing the Xeray tils,  In an adjoinity room, the
medien! eadninations were made hy two physicians approximately according to
v folaavit g sebwdnler Four persans at 9a. o four at 1030 a, meg foarat T paong
fosr ut 2 poone and fonr wt 3 poome In ather words, about 30 minutes were re-
qoired por encemivation. Tre rontine u=ed in the stridy of pulitonary taberetlosis
was followed in the examination of the chest.  After the histary and physical
finding- had been recordid, thie group of four was trorasceped and chest raentgenu-
grams= were taken. A few examinations were made in the evening, and other
adju~tisents were made in the schednle so as not to interfere tuo serigu=iyv with the
work routine of the employees.

At plant A, the urine of workers was examined with particular attention to
amoutt of silica exeretion. In ad<iitiun ta this metabolic study, rgmiue examina-
tions were made of the sputum of workers in plauts B and C for presence of acid-
fast bacilli and ashestosis hodies.

Sectionz of the physical examination form used in this study have
been reproduced in several places in this bulletin as a means of indicat-
ing the information that was collected.
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PAST MEDICAL HISTORY

i i i : » had

Each person was questioned in order to find out w he.thul' hemd -
N . - S

reviously had certain diseases which are of importance 1n the y

of chest diseases.

FAMILY AND PAST MEDICAL HISTORY (instar Dare whan Postmivel

Fanuly histery of T. B..
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Y - Pleurisy. Prr. e Wat Ride.
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TORY.
FIGURE 28.—FORM USED FOR RECORDING PAST AND PRESENT MEDICAL HIS

ey ! TR . ,
Tabulations of previous illness did not indicate that l;;n?:;zgl:‘;
pleurisy, respiratory diseases other than the common cold, dig
s¥, y



disturbances, or prolonged contact with an active case of tubereulosis
had made people more susceptible to asbestosis. Frequent, disabling
colds were more conunon among persons with advanced pulmonary
fibrosis than they were in persous with little or no fibrosis, but this
probably is a result of the fibrosis rather than a predisposing influence.

SYMPTOMS OF ASBESTOSIS

The chief symptoms usually associated with ashestosis are progres-
sive dvspnoea. cough. hemoptysis, emaciation. weakness, poor chest
expuusion. curved finger nails or clubbed finger tipz. chest pain. and
evanosis, In these respects ashestosis resembles silicosis,  Early
cases. of course, would have relatively few of these svmptoms and an
advaneed case would huve ulmost every symptom listed.  The appear-
ance of these svmptoms ¢an he explained on the hasis of a mure or less
general fibrosis of the lungs and concomitant pathological changes
suely a< emphysema. bronehieetasiz. amd  fibrous pleurisy.  The
cardinal symptoms of ushestosis are cough and dyzpnoea.  These two
svmptoms oceurred tozether and in combination with other <vmptoms
far more frequently than one would expeet on the basis of chunce alone,
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As table 24 shows, 94 of the 122 people who complained of dyspnoea
had a cough also. On the basis of chanse alone, assuniing there was,
no catsal connection between the two symptoms, one would expect’
that 36 people would have both conditions? Actually, the two con-
ditions are found together far more frequently than that, and it i<
safe to assume that there is some sort of causal relationship. Similar
considerations hold for most of the other pairs of impairments.

Typically, the cough of ashestosis is dry and nonproductive. In

s This vaie has et caleuiated on the ws-uinption that 9.2634 represents the prot ability that eny cne nf
the 443 persnn: would have dyspnoea and 0.2¢s1 represents the prohability that a pers n %o’ ¢ %318 « cough.
Thexe values are tuken from the second coumn of figures of table 24, Then. 02638, 2o, o craazele 00
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some cases there is scanty, viseid expectoration. Severe paroxysms
of coughing ovecasionally occur in cases of ashestosis having serious
disability. At such times highly tenacious sputum is raised.
Usually a complaint of dy<pnoea was entered on the records only
when breathing was labored after an exercise test (see p. 63) carried
on in the pre~ence of the examining physicians. The high percentage
of persons with dyspnoea who were able to be at work is undoubtedly

due to the sedentary nature of much of the work in ashestos textile
factories.

Blood-streaked sputum occurred frequently among persons exposed
to asbestos dust althouch there were only two active eases of pul-
monary tuberculosiz in the group. These two cases have not been
included in tables 23 and 26 and fizures 24 and 30. The abszence of
pulmonary tuberculosis makes hemoptysis a more signiticant finding.
Its presence seems to indicate that bronchiectatic and emphysematous
processes are woing on in the lungs.  The presence of asbestosis bodies
in the sputum 'which will be discussed in a later section) also can be
interpreted as a sign of dizintecrative processes in pplmonary tissue.

Weakness und loss of weicht are closely related symptoms.  Inde-
pendently of age and other factors, these symptoms increase in fre-
quency with inereasing dust exposure. They are accompanied hy a
general bodily appearance not unlike that of fibroid phthisi~.

Nineteen of the 447 ashestos-exposed people complained of a pain
in their chests which is best deseribed by the term “<ubsternal dis-
tress.” It was vaomiely detined and not as a rule very well loealized,
and it <seemed to he an ache or a feeling of appression rather than a
sharp pain. It did not scetn to he of cardiae oricin. - Only cne of the
24 persons with a pust history of plenrizy complained of a chiest pain
of this kind. It appears that substernal distress may be connected
with the congh or the dy=pnoea that accommpany ashestosis ttable 24,

The symptoms of asbestosis are lizted ‘Iin table 25, where their
incidence is classitied nccording to the total dust exposure of the
persons affected. For purposzes of comparizon, the emplovees of
ashestos textile factories have heen divided into five groups, which
ditfered in dust exposure. one of them being a control group of employ-
ees who were not exposed to ashestos dust. A number represzenting
the total dust exposure was assigned to each dust-vxposed emplovee
by multiplying the number of vears he had worked in the asbestos
industry by the average dust concentration to which he presumably
bhad bheen exposed. His total dust exposure i1s thus expressed in
million particle vears. If a worker had changed from one occupation
to zuother. a dust exposure value in million particle years was calcu-
lated for each occupation. and these values were added together to

‘obtain his total dust exposure.*

¢ Apexample rtsble Is has been iven in the section entitled “Interpretation of dust counts,””
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The percentage of workers who complain of cough. dyspnoea,
blood-strenked sputum, and other symptoms increuses rapidly with
increasing asbestos-dust exposure. In all caszes the percentage of
workers who are affected by a particular svmptom is larger than the
percentage in the control group. Two of the cases of dyspneea found

o
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EXPOSURE 25
DUST EXPOSURE, MILLION-PARTICLE -YEARS

FIGURE 29.—PERCENTAGE OF PERSONS. CLASSIFIED BY DuST EXPOSURE. WHO
HAD CERTA: DISCRDERS
in the control group were accompanied by heart defects severe enough
to have eau~ed shuortness of breath.
{

TaBLg 25.—Classification of present complaints according to the dust exposure of
tre gffected persons
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Another indieation that these svmptoms are an integral part of
the symptom complex of asbestosis is to be found in the relation of
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these symptoms to the fibrotic changes that occur in the lungs. The
degree of fibrosis can be estimated from the lung-field markings seen
on X-ray examination, a subject which will be more fully discussed
in a later section. For the present it will be sufficient to say that as
a result of long-continued exposure to asbestos dust the normaul or
first-degree exaggeration of linear pulmonic markings become coarser
and more widespread (second-legree linear exaggeration). Upon
longer or more intensive exposure a fine, interstitial fibrosis sets in
which gives a hazy, ground-glass appearance to the lung field (first-

82Y,
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LUNG FIELD MARKING

FIGURE 30.—PERCENTAGE OF PERSONS CLASSIFIED BY LUNG-FIELD MARKINGS
WHO HAD CERTAIN DiSORDERS

degree ground glass) and eventually almost completely obscures the
linear markings (second-degree ground glass),

Asbestos-exposed people have been classitied into four groups, ac-
cording to their lung-field markings, and the percentage of persons
having certain symptoms has been culeulated for each group. Here
again, the incidence of these symptoms increases greatlv with increas-
ing fibrotic change. Such a relation is entirelv to he expected for
dyspnoea, since the disease diminishes the volume of the lung available
for the respiratory function. The high incidence of the other symp-
toms in the presence of fibrotic changes that have progressed to the
ground-glass stage is additional evidence of degenerative changes in
the lungs,
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TasLE 26.—Classification of present complaints according to lung-field markings of

the affected persons
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X-RAY FINDINGS
LUNG-FIELD MAKKING~

The clussifiecation of Inne-field markings used in the proceding sec-
tiort is part of a scheme that wus nzed i a study of unthracasilicosis

FLUOROSCOPIC EXAMINATIONS
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FIGURE 31.—FORM USED FOR RECORDING X~RAY FINDINGS.

42, 31).

It is, of course, highly desirable to have a svstem of classi-

fication which will helvp in deciding whether u given type of lune-field
marking represents an early or a late stage of a pneumaconiosis, and
this scheme has been drawn up to illustrate the probable sequence of
lung-field markings that occurs during long-continued exposure to a
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pueumomniosis-prmhmin‘: Just. During medical studies of anthra-
cite miners, for instance, all of the stages represented in figure 32
were found. Among asbestos-exposed workers, on the contrary, no
case was found which had progressed bevond the ground-glass stage,
This constitutes a difference between asbestosis and silicosis that
Aerewether 125%, Lanza (1), and Pancoast 2% among others, have
commented on. Further investigation will be needed to decide
whether this difference is due to u peculiarity of asbestos dnsr or

SCHEME OF X-~RAY INTERPRETATIONS
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FIGURE 32. —SCHEME USED 1N CLASSIFYING X-Ray MARKINGS

whether it iz due to the rare ocenrrence in ashestos textile mills of the
excessively high dust exposures - 180 to 300 nuilion partieles per cubie
foot and more) fonnd in eertain other dusty tades, )
In a typical caze of asbestusis the Iower hall of the ehest Xerav film
has a fine, granular appearance which Merewether 125) aptly de-
seribes as “ground ¢lass.”  Not infrequently. there is more tibtosis ou
the right side than on the left. The presence of emphyvsema in the
apices, which result< in increwsed radiolneence, tends to exaggerate
the cloudiness of the bases of the lungs.  Emphyvsema precedes the
ground-glass appeurance of the buases. Chest X-rayvs of individuals
with pneumoconioses induced by other silicates. with the exception of
mica.’ do not regulurly show the basal loealization of fibrosis that is s
characteriztic of asbestosis.
ml IS
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QOceasionally, in an asbestotic chest, the Lieart has a shagey outline
when viewed roentgenographically. a phenomenon diseussed by other
investigators. This seems to be of more frequent occurrence when
the worker has been exposed to dust containing a high proportion of
fibers (the dust produced in twisting or broudcloth weaving, for in-
stance) than when he has been exposed to short ashestos partieles,
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FIGURE 33 —RERCENTAGE OF MALES CLASSIFIED BY AGE, \WHO HAD CERTAIN
LUNG-FIELD MAaRKINGS 229 MEN HAD ~O PREVIOUS INDUSTRiAL DUST EX-
POSURE. 80 MAD BEEN EXPOSED TO KAOLIN DUsST, AND 357 HAD BEEN EXPOSED
TO ASBESTOS DUST
such as those produced in carding. Further studv would be necessary
in order to establish this peint. :
Enlike silicosis, nodular and Oonf*imhemtv shadows are not fouéd in
astestotic workers in the absence of tuberculosis or other infections.
The prineipal difference discernible on an X-ray filne between an early
and an advanced stage of asbestosis lies in the density of the ground-
glass markings and the degree to which the linear pulmonic markings
have been obliterated. Althoueh first-decree and second-degree
ground-glass markings huve been tebuiniea soparately in several
tables published in this repert, it is often difficult to decide whether a
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particular film represents an early or an advanced stage of pulmonary
fibrosis.

There is, of course, an increase in the prevalence of lung fibrosis with
advaneing age. Because ground-glass appearance of the lung fields,
which is indicative of fine. interstitial pulmonary fibrosis, is a most
important diagnostic ~xign of asbestosis, it is npecessary to evaluate the
relation of this condition to age und other relevant factors. From un-
published data collected by the Public Health Service, tabulations of
lung-field markings in relation to uge were made on two groups of men.
One group comprised 229 men who had never been employed in a dusty
trade: the other group included SO men engaged in mining and refining
kaolin by wet methods, The percentage of men who have a zecond-
degree exaggeration of the linear pultmonic markings increases with
advancing age. It is significant, however, that in the entire group
of 309 men there were no cuses of ground-glas< lung-field markings.
Other studiex confirm this. Dreessen (434 examined 80 men exposed
to marhle dust: I8 percent had second-degree linear markings, but none
had ground-glass or nodolar markings.  Similar data are available
(42) for 201 men emploved in portland cement mills who were ex-
amined by Gardner and Sampson.  No cases of granular markings or
of discrete, nodular fibrosis were found.

In every age group the proportion of ashestos-exposed men who had
advanced stages of pulmonary fibrosix ix greater than in the nen not
exposed to ashestos dust. The pereentace of men with ground-glass
lung-field markings increa<es with advancing age.  In view of the data
for the two oceupational groups just discussed and of the relation
between this condition and leneth of emplovinent, it appears that the
reason why the incidence of this type of pulmonic markings is corre-
lated with awe is that the older people have been exposed to asbestos
TaBLE 27~ -Relation o1 lung-field markings to age Men seeking emploginent 1in a

dusty trade jor the first time, kaolin workers, and men employed in asbestos textile
factories
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dust for the longest time, Tt would he mpertant to Lnew whether
suseeptibility to asbestosis varies with age, but these data do not=eem
to be extensive enough to test this point satisflactorily.
The prevalence of ground-glass lung-field markings increases greatly
6% with increa<ing length of em-
ployment, as figure 34 shows,
The incidence of ground-glass
3% lung-field markings also in-
crenses  with increasing dust
exposure.
In figure 36, which iz based
on table 25, the heights of the
vertical bars represent the per-
centuges of ashestos workers in
— different exposzure groups who
e RS had _f_'l'ntlnfli.'l:lml ‘Iu ne-field
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huve ualwe been omitted.  Manyv of the percentuge values muzt he
viewed with caution beeause thev are based on ~mall numbers of
workers.  This i~ particularly true in the groups with more than
10 vears” emplovment. sor
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€ v Thede ale Jteal dliferenres between individeals in the
time that el.1p~e:, from their first exposure to asbestos dust and the
time that fibrotic changes are evident on X-ray examination. In
some persons this was much less than 5 years and in others it appears
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to be more than 10.  Althouch it is impossible to account for these
Jlifferences entirely, it is possible that one factor may be the difference
in physieal exertion that ditferent occupations require. In a sedentary
sccupation, shallow breathing might be adequate to meet 4 person’s
gespiratory needs; such a person woulld inhale less air, .and.conse-
qnently fewer ashostos particles, than a person engﬂgul“ in \'lgcfmus
puuseular work who was obliged to breathe deeply. Somte ot' the
individual differences to be found in these data may be due to ditfer-
ences in the total amonunt of asbestos dust inhaled,

| DT o
R S U |
T e T oo [
over EO N il T TN S R E
M e © .
* “~ \:“>- - ‘\;‘,/- ‘,’;’\‘.\\.\A * N \,/
(160 et - R P .
2 10~ " Tiae f 3 N -
.5 - L - - ,uﬁp
’%ef, - — : s 'f::“lv
< L ] by
e":“‘» -2 . “re F)
0,101' 8, ’e-v."’
<& .
< THAR ¢ r’a 0t
LB A 3, 3 w0
)’i‘& "~ ws?
A\
T4y w?
,

FIGURE 25 —INCIDENCE OF GRCUND -GLASS LUNG-FIELD MARKINGS IN RELATION
TO LENGTH CF EMMPLOYMENT AND DUST COMCENTRATION
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It will be noted that the relation between dust exposure and the
incidence of ground-glass Iung-field markings i not a simple one.
Even if length of employment is disregarded, as in figure 35. the
incidence of ground-glass markings is proportionately lower at 10 to

£19.9 million particles per cubic foot than it is at the next higher or
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next lower dust concentration. Although it iz probable that these
differences represent sampling errors due to small numbers of exposed
persons. it may be that ashestos fibers excite a different, and possibly
more severe, reaction than asbestos particles.  If this were true, the
total particle count tabulated above would not be a completely
satisfactory measure of the pneumoconiosis-producing power of
asbestos dust.

Tt is not unreasonable to suppose that the amount of pulmonary
fibrosis might be more closely related te the weight of inhaled asbestos
dust than to any other physical property of the dust. The number
of dust particles can be used as a rough estimate of the weight of most
dusts (aboratory studies have shown that the two quantities are
highly correlated).  This may not be #s good a measure in the case
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HEIGHT OF VERTICAL BARS

of a~bestos beeanse, as table 6 shows, there are many long fibers in tl}e
dust suspended in workroom air. The difficulties encountered in
measuring fibers have already been discussed (p. 23) and only one
additional point need be mentioned here. A fiber 30 microns
length is capable of reaching the lungs (table 37); it would be countefl
as one particle in making dust countz. and yet it would have approxi-
mately 30 times the weight of a fragment of the same fiber only 1
micron in length. The 2 particles would have the same influence
on the dust count, but one would earry 38 times as much asbestos to
the lung as the other if both were inhaled and retained. Unfortu-
nately, measurements of the weight of dust in the air were not made.
If thev had been. it is possible that the relation between asbestosis
and dust exposure might have been altered.
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DIAPHRAGM

During fluoroscopic examination of the chest the degree of move-
ment of the diaphragm was observed and recorded. The percentage
of people with impaired diaphragmatic movement inereased with
increasing length of dust exposure, and the proportion of workers with
severe degrees of impairment likewise increased.

TABLE 20.~Crcurrence af diaphragmatic firation in relation to million particle years
of expusnre

PERCENT
Mitl:on particle seurs
Degaree of fixation Conteads i . -
Fadert 23to 4 Wrtoue Oger 1)
L7 wl 4 N Rl
i L] 12 22 3
« 2 3 1 "
" [ i 0 }

NUMBER OF Ca<ES

At preniele years

Dezree of Buition Cantrnsls ' : 3

Urpler 207 251049 Wt - Over Ih

Total testend. . ... ., . L. s IE N\ %5 fin2
Normal .o .. ...l Lo .- o AN v 1 3
I T e . . - 1t n 12 31
i 3 3 2 iv

it “ 1 ) {

UThe prereen? 1.0 Valines 1 the wpper Bl of tis tibie son obtaned by daviding the valiues {ubelled
“total teated by the copresprendinia vaiges i the lowoer Blfot e tatide

This is shown in fizure 37 where azhe~tos workers have been divided
into five groups tone of them a control group), according to the total
amounts of asbestos dust to which they have been exposed during
their working life.  Ouly two of the 76 controls had any impairment
of dinphragmatic movement. For each group the percentage with
normal diaphragmatic movement. and slight (<), moderate (——).
or severe (— — - ) diaphragmatic fixation has been calculated. These
percentages have been reprezented by the heights of vertical bars.

Severe forms of diaphragmatic fixation accompanied advanced
stages of Iung fibrosis. .\mong 295 persons with first-degree linear
lung-field markings, 9.5 percent had impaired diaphragmatic move-
ment. Of the 22 persons with second-degree. ground-glass lung-field
markings, 68 percent had impaired diaphragmatic exeursion, This is
a reasonable finding. since lung fibrosiz and diaphragmatic limitation
appeur to be part of the same process,
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Diaphragmatie abnormalities, such as peaking, did not occur to any
dignificant extent in asbestos workers although they are common among
persons with silicosis. In a study of granite workers carried on by the
Public Health Service (4% p.§71: Irregularities of the diaphragm were
rather constant. Forty percent of cases had evidenee of it. and as the
condition advanced there was an increase in ehanges of the diaphrag-
matic shadows., There were instunces in which angulation of the
diaphragm was in evidence, und others which showed indications of
extensive adhiesions.”  In a study of anthracite miners carried on by
the Public Health Service (51, p. 38i: “Deerease in the motibility of
the diaplragm as demonstrated by fluorescopy was frequently
observed.  This malfunetion, varving from slight to practical fixation,
inereased with the severity of the pulinenary patholosy,  Not in-
frequently adhesions between the viseeral and diaphriematie pleura
could be seen.”  On the contrary, in ashestosis, with the exception of
one man tfie. s there wis no roentrenosraphie evidenee of dia-
phraginatic peaking, It appears that the limitation of movement,
which i= o detinite part of the ~vniptom cotplex of asbestosi=, may he
due to inelasticity of the D mes and binding of the Innes o the parietes
and the mediz-tmal straetaes ?»‘\‘ fibrous }!h‘!lrili;. e }hltlmi:-gi(':ﬂ
section.)

PHYNIC AL FINDINGS

The objective sympton:s that are most frequently observed and most
useful in estabiisiiing a diacnosis of asbestosis are general appearance
of ill hewdth rparticulary any <ins of Joss of weizhts, the condition of
the fincer nari-. and ditsini=hed ehest expan~ion.  These svmptoms
obviously appedr Jate in the conrse of the disense. The wseful chest
sigtis seem to he Hmited to adventitions seomds. Diminished breath
sonnds. prolonzed expiration and erackline riles over the bases of
the lunes awe interseap ol bZlohs seeli fo sccatnpany ashestosis,
Various riale~ and adventitious sounds were heard in the ehests of
5 pereent of the perons in the contral graip. Rides were noted in
14 percent of the asbestos-exposed persons who had normal lung-
field markines or who had unl.\‘ first-idecree linear exarnration.
However, in the zroup of person= with ground-ulass lung-tield markings
(persons who Liad ashestosisi. 39 percent bud riles or other adventi-
tious sounds. In ubout two-fifths of the vases. rile~ persisted after
couch

Clonzos 100 7 Ture wealy 1oty e Lao! o evalaute. I}E't'h;lbi}'
Burersinies thie o st 1o ot give w0 L ot s eounte halaneed
e LoV L. b= dateieresongy e The
avsetice ol [or o zon alvas o coladoinelute iorosis and localized reas
in which there is marked compensatory emphysema obviously ac-
counts for the lack of more definite findings.
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CHEST EXPANSION

Clie=t eXpatision con 0 oses with e caipe et oxposnre and with
inereasing pulmonary librosts. Astiestis-esjorsed duen were divided
‘nto four groups according to dust exposure, and the average chest
e averace chest girth at expiration were caleulated

oxpansion and tl
The - s men were elassitied into four gronps on the
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FIGURE 38.—FORM USED FOR RECORDING PHYSICAL FINDINGS.

basis of lung-field markings, and similar ealeulations were made. The
decrease in average chest expansion cannot be attributed to any lack
of large-chested men inithe groups with high dust exposure or ad-
vanced pulmonary fibrosis. On the contrary. the averaye chest cirtt
increases slightly with increasing dust exposure ated with e
pulmonary fibrosis. Several factors may have contribted 1

restsit -
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Tter phenuuwnuu and the available data prmnle no means for
Ciseriminating between them. Since the trend is slight it may be
uisrecarded.  The ratio of chest expanqon to chest girth decreases with
ineressing dust esposure and with increasing pulmonary fibrosis.
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Externally, the thorax shows evidence of limited respiratory
movement: the supra- and infra-clavicular fossae are conspicuous;
the anterinr-posterior diameter of the chest is increased: the substernal

_iemay he more obtnze: evidence of wasting or loss of subcutaneous
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may appear to be hypertrophied. In other words, the general
appearance of the chest s thut of fibreid phthisis plus emphyscma,
Among the conditions that may reduce chest expansion are pleural
adhesions aud the relative inelasticity of fibrotic lung tissue.

RESIMRATORY RALE

The direct effect of pulmonary fibrosis on respiratory rate may be
seen in table 53, Before the excreise test the respirutory rate of males
with ground-class lung-field markings was higher, but not significantly
<o, than the respiratory rate of males with first degree linear exaggera-
tion of pulmonic markings. The exercise test consisted of having
the subject stand with one foot on a box 14 inches high and to raise his
other foot t the level of the top of the box 25 times in 30 seconds.
The respiratory movements were counted during a Li-second periud
preceding the test. during a 1-second period immediately after exer-
cise, and durine a 13-second period 2 minutes ufter the test.  Exercie
raised the respiratory rate of all four groups of men, but the rise in
respiratory rate was dependent upon the degree pf putmonary tibrosis,
the men with ground-ulass fung-field markings heine atfeeted most.
After 2 nuinnte<" rest. the fall in respiratory rate was again dependent
on pulmenary fibrosis.  The respiratory rate returned most elosely to
the preexercise rate in men with normal pulmouic markings or witht
first-docree linear exasggeration of lung-field markings,  The return
to the preexcereise rate was slower in men with ashestosis -groutul-
glass hunz-rield markines.
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Siilar relations were found in a study of anthracite miners. In
ten with anthraco-<ilicosis the respiratory rate was definitely higher
than in essentially normual men before exercise, after exercize, and

after rest.
CLUBBING OF FINGERS AND CURVING OF NAIL$

Many ashestos-exposed workers, particularly these with long dust
exposures, had a deformity of the finger nails.  The terminul phalanges
may become so bulbous thut the finger resembles the end of a drum-
stick, a condition eonveniently described by the term clubbed fingers.
Usnally it i< accompanied by a downward curving of the end of the nail,

The atfection is almost always bilaterally svinmettical and often
involves the toes as well us the fingers. It is common in pulmonary
tuberculosis. In bronchiectasis, emprema, and concenital heart
dizease it may he seen in its most exageerated fornm. Such exaggeru-
tion, however, was eomparatively rare in this study.  In a study of
2711 Gl anthracite worker<, the deformity, rezandless of degree,
wiis abserved in abont o thivd of the workers havine anthraco-silicosis,
but Wi~ present in only 4 pereent of the eontrols. The real <ignifi-
canve of the affeetion has not been determined.  Nerri~ and Landis
2 state that inadl probuditlite it is a manifestation of lone-standing
toxetnin aasocinted with plithisis or bronehivetasis. The bronchice-
tatic and emphesetiatous clanges noted in the asbestotie lune at
autopsy probably weeount tooa great exeent for the cccurrenee of the
change in the warker< with u<bestosiz,
TABLE 35, — Nuwnches and perernt on ashestoscrposed o cos oo napd ol Jbhad fngers
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Five controls (6 percent) had curving of the nails  Thi< percentage
Wus much higher 119.2) in the ashestos-exposed group. Thirty-nine
percent of the workers with first- or second-dezree yground-glass
lung-field markings hud this condition.

HEART DEFECTS

Taking age into consideration, blood pressure values conformed
closely to the values found on examination of 10,143 male industrial
workers (56).
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Heart defects were no more numerous than in industrial groups in
ceneral. They were tabulated in relation to dust exposure and
pulmonary fibrosis in the same way as the impairments just dis-
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ASBERTQS CORNS

Ashestos corns are wartlike callosities, 1 mm to 3 mm in size,
ustally located on the pulmar surfaces of hands or fingers and occa-
sionally on sole~ of feer or o the s oo fig. 3907, Their presence
on the palmar <irfaces of G hands i explained by the fact that
Weorhers, on hreasing threads of wsbestos, force tiny slivers of ashestos
utider the <kin where it initiates a foreign bodx response.  This
sospotise i< characterized by hyvperplasia and hyperkeratization.
Tubie 36 <hows that the occupations in which asbestos corns are
most common ate ones in which workers test the tension of moving
Titeads with their tingers, or in which they are obliged to break
wrvads wath their hands or to knot threads together.
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Microseopically, Dewirtz 1100 states that the corns present a picture
of =low chronic local irritation.  The horny and Malpighian strata
of the skin are inereased.  Round-cell infiltration is noted particularly
i the papilkay Layer of the dermis.  Ashestos fibers or cryvstals are
alsu seen and they are regarded by Dewirtz as the agent responsible
for the thickeping of the rete mucosum, basal lavers. and the clant-
<o ltotmation.” Gloyne 1165 hus also found asbestos fiber in the corns,
but noted that ashestosis badies of the type obhserved in ashestotic
lungs and sputum were abseut. The workers have themselves called
these little tumors “asbestos corns,” or ashestos warts. Not in-
frequently the corns become very tender, particularly when pressure
is applied to them in the course of handling tools or machinery. On
aceount of the pain, the workers will attempt to remove the spicule
of mineral with a pen knife or some other sharp instrument. Should
the fiber be incompletely removed, it recurs with greater hyvperplasia
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because of the added trauma. Most of the workers so afflicted insist
that every bit of fiber must he removed before the corn is cured.
Only ocrasionadiy, however, is medieal relief <ouzhe, and in suel cases
Dewirtz (10) advises complete surgical removal.

LABORATORY FINDINGS
ASBE~To~Is BObiF~

Unusual structures have heen ohzerved by =everal investigators on
histological study of the Iung tissue of men who had died from as-
hestosis but no detailed description appeared until 1927 when Coonke
M and MeDonald 122y published photomicrographs and discussed
the conditions under which asbestosiz bodies are formed. Their
paper< apparently awuhened interest in the subject und several papers
on ashestosis bodies uppeared soon afterward. .

The following review of the literature on ashestosiz bodies is far
from complete, hut it will serve to indicate the kind of information
that has been pur on record thus fur. There is guod evidence to
show that these bodies oricinate as a cellular response to an inhaled
ashestos fiber.  The core of the hady is ail asheatos fiber which is
surrounded by protein deposits,  Apparently ashestosis bodies are
formed only in the lings.  They bave been recovered from the feces
(36), suggesting thut they pas< unchanged through the gastrointestinal
tract. They have not heen demonstrated in the ashestos eorns which
form on the hauds of u=bestos workers (10, 374 . nor in the peritoneum
of experimental snimals 37 inte which the dust has heen injected,
Gardner 37 found the “hadies™ in the lungs of dusted guinea pigs,
but for <ome nnuecountable rea<on found them to be sparse in <imi-
larly exposed rabbits The bodies can usually be demonstrated in
the sputum of patients with ashestosis, although, according to Lynch
and Smith 35 L the sputam may be necative on repeated examinations
even in well-estublished eases. For cases of this type, lung puncture
(40) has been suzzested a~ a diagnostie procedure.

Asbestosis bodies are variuable in form 1tig. 394) and in size (table 37).
Characteristically. thev are slender, elonzated. segmented structures
with bulbous ends which ¢ive them a dumbbell or drumstick shape.
Oceasionally, a forked or Y-shaped body such as the one marked I7
in figure 39 is encounteredd. A rosette such us the one illustrated in
the center of figure 39 was observed only once in the examination of
sputum samples from 231 persons. Rosettes, however, are common
in sections of lung tissue. Stewart, Tatersall, and Haddow (41)
say,

We sugeest that the findings of a large chimp or clumps of asbestosis bodies in the
*Putum ss here de-cribed is a clear indication of disintegration of lung tissue,

Whether by a process of zimple suppurative broncho-pueumonia, as in our first
fe, or ax g result of cecondare tebwrenlion ivfeerion. In either ease it is reason-

erly Doz ashestosis,
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The asbestosis bodies illustrated in figure 39 show some of the
variations in size and shape <een in sputum smears. Five of these
asbestaxis bodies 1.4, €, D, E, K1 were found on the same slide. This
sample of <pitam wes ehtatned from a 37-vear-old mule spinner who
had been emploved i the ashestos industry for 7-; years, exposed to
an average dust concentration of 8 million partieles per cubic foot,
Becau=e he nnae no complaint of any of the mujor symptoms of
aebestosis and feeowoee his Dine fields were second=degree linear, no
diarnosis of a<hestosis wis made. The bodies labelad ¢ und 1 came
from another nede <pinner. a 37-vear-old man employed 2%, years in
an averase dust coteentration of 7.9 million particles per cubic foot.
Except fur a cough Le had none of the symptoms of ashestosis and his
Tung Helds were essentiudly nornal,

In several photomicrographs of the “ashestosis body,” the asbestos
fiber may be seen clearly.  The bodies are somewhat fragile, and frag-
ment< stueh as L in fig, 3¢ often oceur. Unstained specitiens are
golden vellow or zolden brown. They do not stain with the aniline
dves ordinarily nsed in histolocy, but they stain blue (prussian-blue
reaction  when treated with potassinm ferroeyvanide

Asbestosiz hidies can be demonstrated on sectioning lung tissue.
Since they arise as a tis<ue reaction to an inhaled ashestos tiber, their
size is important beeanse it indicates the leusth of the asbestos fibers
that may reach the lunss. The greatest length of the fir<t 168
ashestosis hodies found during the study of prepared sputum -peci-
mens< was measired on eamera-luends drawings, Every asbestosis
body was meu~ured und the frequeney distrihation of these measure-
ments appears below
TABLE 37.—Feggoncs o streh b oan of the Longth s af s gieat 168 ashestosis boadies
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s Gloyne's 47 Method wis twed 1 the present study of astesters b wies msputum. A sample of sputum
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4316208

+




s

2

The asbestos bodies ranged in length from 10 to 128 microns; their
average length was 351 microns. After completing this series,
routine measurements were discontinued sinece this seemed to be a
large enough sample to indicate the sizes of asbestosis bodies most
frequently found. The Iargest body found in subsequent study of
Aputum specimens measured 184 mierons in length.  There seems to
be no completely satisfactory explanation for the absence of asbestosis
badies measuring less than 10 microns in length,

Asbestos appears to differ from other pneumoconiesis-producing
dusts with respeet to the size of the lurgest particle that mayv reach
the lungs. The largest reported upper limit of size for rock dust in
the gold mines of South Africa and in the granite (48) and anthracite
(51} industries in this country is 14 microns. The data of table 37
are in harmony with & concept that has been gaining support in
recent years, namely, that particles hevond 10 miecrons in size reach
the alveoli. Measurements indicate thut the diameter of air sacs
may he from 150 to 300 microns in adults, or, in other words, of such
a size that ashestos fiber or resulting asbestosis bodies may be readily
accommodated. )

Ashextosis badies were found more frequently in the sputum of
persons who complained of a persistent cough than in the sputum of
persons without a cough.  This is a reazonable finding, since the act
of coughing tends to raise materials from the lungs. Half of the
36 people who complained of dyspnoea had ashestosis bodies in their
sputum.  Less than a fifth of the 225 ashestos-exposed people who did
not make a complaint of dyspnoea had ashestosis bodies in their
sputum.  Almost the same relationship holds for a complaint of
cough,

Ashestosis badies were found in the sputum of 46.9 percent of
persons whose condition was diagnosed as nshestosis. A much smaller
proportion, 24.3 percent. of essentinlly normal ashestos-expased
persons had ashestosis budies in their sputum.  Thus, it appears that
the presence of ashestosiz hodies is evidence of exposure to asbestos
dust, but it is not necessarily a dinsostic <ien of ashestosiz,  Ashese
tosis bodies were found in the sputum of persons who had been exposed
to u=hestos dust for asx short a time a2 3 months. Of the workers
emplaved foas than | vear, 22.5 pereent had s=bestosis bodies in their
spetiin A larzer pereentase, 35 pereent, of workers employed more
then 5 years had these bodies in their sputum. In eviduating these
pereentages it must be remembered that thev are Lised on the exami-
nation of a single zputum ~pecinen tron ench indiveina. 1§ -everal
specimens could have been collected and examined, the percentage of
persons with ushestosis bodies would almost certainly be mueh higher.

No asbestosis bodies were found in sputum samples from any of the
¥4 per<ons tested who were not expo-ed 1o asbestos dust.
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The incidence of asbestosis bodies increased with increasing dust
exposure.

TaBLE 38 —Relation of dust concentralion te occurrence of asbestosis bodics
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PESULTS OF TESNTR ON URINE

Each person emploved in the three asbestos plants studied was a<ked
to bring a 24-hour sample of urine in a metal container provided for
that purpose, In addition to the standard elinical tests, the silica
content was determined by the method of King and Dolan 3907 Of
the 416 persons expo~ed to ashestos dust at the time of the study, urine
analyses are available for 403, and these results have been kept <eparate
from the results of urine tests made on 67 persons whose work did not
expose them to asbestos dust.

Albumin was found in the urine of 10 of the 248 white males tested;
in the nrine of 10 of the 9% white females: and in the urine of 3 of the 37
negro muales testedd.  Only one sample of urine from a white male)
contained sugar Benedict's test). These rates of ineidence are no
higher than in the controls and, insofar az published data are available
for comparison. thev zeem to be ne higher than the rutes generally
found in indu<trial populations.

TABLE 39 Rl ion of urinary silieq {o dust cxpogure

Dust expostire, miilion particles per cubae fout

Uy siies Controls

0to 49 Sty I tn Juy her 20
Milligrams silica pwr Uece 3. it 13 3 Adi 13 2tz O 2 8=t 11 1 4420, 18
Miliizram 3 el da¥. ..o A4z 14 36,320 Judeml ™ N 0l S 3T V=L
Nutmber tested Lo 63 £ 1as hr tt

Silica was present in concentrations ranging from 0.7 to 11.1 mg
per 100 ec. Average urinary silica concentrations for groups of
persons whose dust exposure varied widely (table 39) do not indicate
that there was any simple relation between the exposure to ashestos
dust (which consists of hydrated magnesium silicate) and the con-
centration of urinary silica. Rather, it appears that the values for

7 The colonmetrie procedure fur the determunation of siiea 1o the urine consists in the productionof 8 silicoe
molybdie acid compler which is reduced to givéda blue coler, the deptb of color being prhporticnal to the
amouunt of silica present, ’ . 1
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dust-exposed persons flyetuate above and below the value for the
controls. The total daily silica output was ealculated by multiplying
silica concentration by the volume of urine excreted in 24 hours;
these values (table 391 alxo show no simple relation to dust exposure.

Urinary silica analyses are available for two other groups of people
whose diet resembled that of asbestos workers in consisting largely
of vegetables. The urine of seven male college students living in the
same city averaged 2.6 mg per 100 ce (based on single specimens, not
24-hour samples), An earlier survey of an industrial plant in Ten-
nessee made by the Public Health Service * showed that the daily
silica output averaged 20.89 — (.20 mg, a value very close to the mean
silica ontput of nonexposed ashestos workers.

Diet plays an important part in influencing urinary silica con-
centration as King and Dolan (3% have demonstrated on experimental
anmimals, A predominantly vegetable diet, witl its high silica content,
lead« to a high urinury silica output. It may he that the dietary
intake of silicn waz =0 great as to totally ma<k any poszible effect of
~silieate absorption through the lungs.  In any ease, the phenomenon
reparted by Kine and Dolan for gold miners 1594 and by the Publie
Health Serviee 315 for anthracite miners, namely, a hicher siliea
excretion in men exposed to <tlica dust than in nonexpo~ed controls,
does not appear here. The urinary «ilica concentration of the asbestos
wotkers is higher than that reported for the two oceupational groups
just mentioned, und this appeuars to be largely due to dietary ditferences,

NSilica concentration increused with incressing specitic gravity.
The silica content is, of course, too low to influence the specifie
gravity directly. Instead, it appears that the two values may vary
concamitantly, and that the drinking of large quantitiex of water,
for in~tance, would lower hotle the specific gravity of the urine sub-
sequently exereted and it~ silica content as well.

TarrLe 40.—Relaon of sifrea conlent af urins lo 2pecific gravity
[P e e ey

Laerale Nigraber of

SPeUlie gty silivacontent  wamples

AS PR TR TN
Towd rep ) WA FARE
[ECR T B LA I Joaee
P b ] IR

fnver LM . L 50 pxs

'

e e e B r LT I <
THE DIAGNOSNIS OF ASBESTONEN

In preceding sections of this bulletin the signs and symptoms of
st estosis have heen treated one at a time ar two at & time in order
to ~how their relntionship 10 qust exposure.  In this and the two
followinr ~ection= the svmptom “omplex of asbestosiz and itz relation to
dust exposure will be discussed.

§ Uopublished deta.
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Occupational kistory~—In establishing a diagnosis of asbestosis, it
is important to exclude the possibilitv that the observed effects may
have resulted Trong inhaiution of stier kind of dusy or conne orher
disense process.  An earl ease of silicosis, lar instanee, might pre-cnt
sdgns and evmptems which would ditfer from those of asbestusis
mainly in degree. A dixrnosis of ashestosis should be made only
when the oceupatinnal history <hows previous exposure to asbestos
dust and no heavy exposure to other siliceons dust.

X-ray find pgs.— AMthougl the cromd-class markings that are so
charucteristio of ashestosis are usually localized in the busal portions
of the lung fields, nevertheless all regions of the chest must be examined
roentgenographically in order to detect signs of ather disease processes
that might complieate diagnosis. It is important, of course. to lpok
for the signs of pulmonary tuberculosis. The distribution and the
character of lung-field markings are significant,” Shagginess of the
heart shadow tzee p. 50) has been mentioned by several physicians
who have reported cuses of ashestosis,  The phvsical findings <hould
be referred to whenever cardine enlurgement is found durine the
X-ray examination. .\ consideration of the chest shape of the
individual will sometimes modify the interpretation of certain of
these findings. Fluoroseopic examination is, of course. the best
meuns of detecting dinphragmatic impairments, but valuable informa-
tion can often he guined from a study of a chest X-ray film.  Heavy
pectoral muscles may cast an Xeray shadow which resembles in a
single plate the shudow east by the increased fibrosis in the bases.
This possibility must alwavs be kept in mind during the examina-
tion of chest X-rav fillus.  Notes on the thickness of the chest
muscles should be entered on the phivsical examination form, or stereo
films should be made in order to obviate this souree of ervor.  The
presence of bronchiectasis caused ditticulty in diagnosing one case.

Classifieution of lung-field warkings—1In this study. after examin-

ing an X-ray film and before making a diagnosis, the film was classi-
fied according to the nature and degree of fibrosis into one of four
classes; first- or second-deuree linear exaggeration of the lung-field
markings or first- or second-degree ground-glass lung-field markings.
There is good reason to believe that these four clusses represent
successive stages through which a tvpicul case of ashestosis would
pass under continuous exposure to ashestos dust. Since, as has been
said, the ground-glass markings appear first in the basal portions of
the lung fields, it follows that any given chest film might have areas
in which the markings were ground glass and other areas in which the
markings were linear. Usually the hasis of clussification has been
the type of marking that predominates in the lower third of the visible
lung field. !
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In order to show these markings on a larger scale than would be
possible if the entire film were reproduced and to illustrate this system
of classifieation. fizure 40 has been prepared.
FIRST ; Sy platns —Dyspnoen, couzh. blood-tinged =putum. pain in the
DEGREE chest, weakness, deereased chest expansion. curving of the finger nails
and adventitions chest sounds are symptoms which also oceur in
LINEAR e . L .
siffenstx, 1t~ possible to differentiate pulmonary asbestosiz from
sifiea~is hy Listory of exposure to asbestos, the presence of asbestosis”
bodies in the <putunt ar lunes, and by the terecsaul distribution of the
Xerav marking~ With refevener 1o aabestas,< Hodie<in the sputum, the
data show that thes may appeay atter 3 wonth="exposure. Thew show
evidence of expuzure to dust, but net established disease.  Lynch and
Smith 38) reported difficulty in demonstrating the badies in an ad-
vanced caxe. The presence of rosettos as illustrated in figure 39 has
SECOND been reported to be of greater diagnostie =kgnificance.
DEGREE No advanced cases of ashe~tosis of the bed-ridden type were observed
LINEAR in the present study. Report= (13, 26, 260 32) of fatal American
ashestosts cases which were relatively uncomplivated by the presence
of other dizease proces<es are es<enttially similar to reports of uncom-
plicated British cases 10, 14, 34, 33).  Patient= in the terminal stuge
are usually reported to be enciated. markedly dy=pnoeie, evanotie,
and usually have a severe eough with wiry mucoid sputuni.
REPRESENTATIVE CaSE HISTORIES
Plates made from repre~entative X-ray filni+ appear as figures 41
FIRST to 31. Rnontf.smmzrz_um‘ of a normal chest fﬁ:_:u‘re 1Ly and of a chest
showing ndvanced silicosis tHizure 420 have heen ineluded for purposes
DEGREE of comparicon.  In fioures 43 to 31 which represcut asbhestotic patients,
GROUND an abstruct from the eas<e history and physical examination aceom-
panies the X-ray. In viewing these roenteenosriams it should be
GLASS remembered that the ground-glass Iung-field amckings that are
characteristic of asbestosis are exceedingly diflieult to photograph
and reproduce. It will be noted that the distribution of the shadows
is not quite as general as in silicosis,
ft S Cooke hay reported omew har simidar hadies in the sputum of anthracite mipers, bue they seem to ditler
morphologically from ashestosis budies.
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DEGREE -
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GLASS
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FIGLRE 4" —NORMaL PULMONIC MARKINGS WH!I™E MALE AGE 23,
. . R . FIGURE 4!
Note the hnear tvpe of puliionie loarkings G iaud seer e chest Foaentgetoe {
gruan of wuouve rage industrial worker not exposed tooa G-t hazard., This man ' RUR ORI
Lud worked 3 seurs i the decorating deparime:t of 2 peatery and 2 years at e e
general outdoor labor. Tisd. (3T DT o

ashestom 1,
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FIGURE 42.—SILICOTIC PULMONIC MARKINGS. WHITE MALE, AGE §t.

Note coar-e npdular appearance, with beginning coalescence of these shadows
in the upper half of the left.  Moderate emphy~cma both bases and <light media~-
tinal di~tortion. Nodular marking= of the type here shuwn were not noted in
ashestor employees,
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FIGJRE 43.—EARLY ASBESTOSIS. V.HITE MALE AGE 23

Uccupatiaral 1 story.—Carder tasbestos (3 | dearst nondisty trades, 31, vears.
Extermited d o srpasnre — o+ 35.3 million particle per eubie fout. by Million
partcle veats, 154,

N mgnnicne ©opast wedical B s or ¢ oo is)

P oeler o e aebesinn s e she Lo nennede Helght 671 inches;
Weght, 142 poooos Bav or oo et o2 veses N chatge
fremitux, breata sounds, or o .- v o tees e e 11N Pl
rate, 96, 120, ard S0 Yo i o Lo e after el
exercise. Uritum < lon, 52 Y Zee ros oy aing . Reatine

urinalysis pegatoaer speede wray ty Lol

X-ray~First-degree ground-glass appearatice not ite ohliteratng the coarse
linear markines.  Note the fine, close-set reticular markings just off each hilum
and the apiees remaining guite elear,

P s v = Bt stesboele ot syinptoins complicated be hypertensive
Lieart disease,

A ot

!
:

FiGuU

Ocen partianal Ly
{(ashestos , 1 vear
Estorated dast «
fout. b Mithos
Past medieal —~
Bilateral pueuame
('0111p{mu/~'.-—*.‘
Plousceal sxam.
nehes; weight, 14
Pulse rate. 830 1
before, tmuediat
mediate chest
sisteut erachling
urist S aht oy
moant ety Boo
24 hesnns, 215 10
I'l' PRI R TR B
moderately nare
X-ray—XNote
ating the linear
Generalized fibre
Diagnosis.—A
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AALE, AGE 29.

wndusty trades, 3, vears,
ar eubie foot. (b} Miltion

aale. Height, 677, inches;

2 inches. No chauge in
pressure, 168 118, Pulve
2 minutes after functivnal
utput, 3.3 mg). Routine

lite obliterating the voarse
swkings just off each hilum

‘mplicated by hypertensive
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FIGURE 14 —~EARLY ASBESTOSIS, \WHITE MALE. AGE 39,

Oceupatronal doseo 1 —NMule snnner ashestos, last 13 vears; roving attendant
(asbestos, 1 vear: nondusty tra fes, 87 vears,

Estimated dust ez, aa0e,~— ot Weighted average, 10.5 miiiion particles per cubie
foot. (b Million partiele yveurs, 16382,

Past medieal. —~3hrapuel wound nighit parietal region of head, October 1918.
Bilateral pneumotza as a chitd

Coapgaints ~3leht weakness,

Physical eramuror:po—Interiuediate build, fairly well nourished,  Height, 661
nehes; weight, 11 ponnds. hest expansion. 3'4 inches.  Blood pressure, 136 32.
Pulse rate. 33, 120, aud 34, und respiratory rate. 16, 24, and 18 (respectively
before, immnediately after, and 2 minutes after Nuuetional exercise testy,  Inter-
mediate chest type with slivhr inerease in A-P diameter of chest. Few nonper-
sistent crackling riles at right base.  Asbestos corn on palmar surface of feft
wrist, Hlight evaposis of lips and nailx. A dusky red cast to ears. Sputum
negative for B. {wh vulosiz and asbestos bodies.  Urinary silica. 3.6 mg per 100 cc
(24 hours, 21.5 my .

Flnoroscopy—Maoderate (2~ limitation of diaphragmatic excursion. Hila
moderately increased in size and density.

Xoray.—Xote the first-degree grainy or ground-glass appearance, not obliter~
ating the linear markings, gé\'ing general reticular appearguce to lung flelds.
Generalized fibrusts 1 . z

Diagnosis.— Asbwstosis 2,
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FIGURE 45.—MODERATELY ADVANCED ASBESTOS S. VWHITE MALE 4GE 4€.

Gerpn apal bovn - Broe il oo quer aetu et o 01 Sears 3 e the, Pre-
Viogadvy i b ddaasty traedes, 10 Tegpvs oeh 1l it l“ ‘o,;'\ i~ furtier.

Escomatid stz s o — v Weigr ted st s o 18 00 oo tartieh s per eitbie
ot f N\ l‘m' st e Ve e, T

TR = Toos veeer S Paoores s o1 Murerl 1424

Complinon =Dy hiteunsg norhine conige, for 3 ears trodaetine thiek 1Heyid
sputum,  Slight «l\-mnwa. 2t 3 vear~  Blood-n v.gwl «wmxm.

Proasocal ez oo var ——Heon .70 vedoa Wo 20 T b Blood tres-
sure, 130 820 Puise rate, 720 S~ and 6Nipeeoros 0 ot 2E 28 e 125 e lare,
Humedtatelyv after, and 2 v s aiter iz:.uw- e exerese test . Purooot o ane

glered onuly about Lalf ufwu(x ed exereise. Chesteypauson, binel, =0 e
zm. swhat rannded, Crachi g rijes b eard over bt I ol et hr«-at.mut,
@ad These prepsist afer voownt 2 e ried Higer 2 b onag sles per 10 ce
wingle specimen:.

Filonnaa, , wTat side o 8 .n,n GFAKT LAV Es Nl rwﬂ}' than right: 2 — lmita-
tinn ﬂf exeursioti, v -m'(‘t-\'h an right,

S A S PPN R . deglus~ Syt atat e ool terating et Bneap
Tt et . | LR TR T T A.“.’,"f'w*A..‘!.!".w"*“f HT
Uil =gl able "y e o7 el T

1;,.u,u osin = A~tweatis w3 tenderntey advarnced
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FIGURE 456.—MODERA

Occupational history.—
41s vears; idle, 4! vears
Exdimated dust expos
cubic foor. <& Million
Past miedical.-—Iutluen
Complaiut=—None,
Phycical ecamination .~
156 pounds, Intermedi:
over hases of lungs. Ur
Sputis not exantined.
i“l‘luuh(‘ull/ --Showed
left with first-degree dift
X-ray—Shows first-d
markirg~. It il}mtr.m’-
aud the tendencey to be
Dlmﬂ’"s. .a\""\tlhx‘
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WHITE MALE, AGE 1%,

=7 years 5 months, Pres
sars as farwmer.
X nndlion partictes per cubie

hit. March 1924, .
ar« produetive thick mueaid
red sputwan,

At 180 pounds. Blaod pre--
rate, 24, 28, and 24 iviore,
ercise testy,  Patieut vom-
\pansion, 1 ineh.  Shonbders
b Dmes on et breathing,

ils; 3.1 mg silica per 100 e

freely than right; 2 — limita-

anee obliterating usual linear
f fibrosis in the basex of lunx

W il ,‘&., Y ai

WHITE MALE, AGE 40,

FIGURE 49 —"MODERATELY ADVANCED ASBESTOSIS,

Occupat-anal io~tury— Mule spinner 1ashestuss, last 13 vears: nondusty trades,
41 veurs. udle, 3 vears.

Estimated o ox? Crpnsare.—ia) Weighted average, 13.53 million partic'es per
cubice fuot. & Millea. particle vears, 175.7.

Past mrdical —Induenza and punesmouia, 1919, Frequent di<abling colds.

Compla.nis.— None.

Physical ecamination —{utermediate white male. Height, 70 inche~: weight,
136 pounds. Interiue-liate chest shape; expausjon. 2 inehes,  Dry, mu~ical riles
over hases of lung«. Urinary silica, 3.6 mg per 100 ce 1 24-hour vutput, 3 mgj.
Sputum not examined.

Laaroscup so—Nhowwd <light lwitation of dinphragmatic excursion right and
left with fir~t-degree difuse ground-glaz< gppearance of the ing fields.

Xeray~=iow~ first-degree granular appearance not obliterating the linear
markings. It illy~trate~ the fine reticular tibrosis s~~ociated with this condition
and the tendency tu he most dense at the bases of the Jungs.

Diagnosis.~—Asbestosis 3,
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FIGURE 47 . —MODERATELY AD\ ANCED ASBESTOSIS. WHITE MALE, AGE 49,

(tecupational hrstory.—Mitle spruser wasbestos | 23 vears, working 10 to 11 hours
a dav: nondusty trades, @ vears

E-timatcd dust «epocurs —-a Weghted average, 7.9 willion particles pet
cie foot, b Mithon particle vears, 221 2.

Past medical — Typhout fever ut age of 11, Inthienza, 1918, Dry pleurisy,
richt in 1981: second attack in 1933 on left.  Mure thau average uuinber of chest
¢ ods eneh vear. Kidnev o el 1431 )

Complaints, —Xhrnt dg~pnoca, especadly oo chiub i st SLaht morniug
congh past 2 to d vears pro-lietive of small anoant of wiiate frothy ~putum,

Fooamedl cranonen s Tt e v welledeve todan Hendht 90 duehes, and

S IT2 pounds Rie fhress ore 10N Puose rate, SO T80 god SO0 respir-

S T R S LI MR TLA W S rone e’y ofter, ool 2 minutes
TR Cooet s arn v e eed mat sotne Haring

Sl . s “t TR Sves N doemons etaeh it rides

- ! v - R T e S R AR L UERFPLE T S B¢ T
<oestess e, Untals seed. 32 g per

- o e e edand g Seads eterpreted as Jhowane a
oTadenrve aronbdesdess ahpearalee, ‘ :
Y-ray.—XNote the fine grainy or ground-glass appearance fairly w1l limited
to the lower two-thirds of each lung field.
Diagnosis.—Asbestosis 3.
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FIGURE 48.—MODERATEL

Oceupational history.—Br
trades, 7 vears,

Estireated ddust cxposare,
eubie fuot. b Million part

Past wwdirel —RBilateral
vears. Typhoid fever, 1911

Comple nt« —Dry, hackir
viseid ~ptiam. past 2 vears,

Physreal examinatian.—V;
inche~: weiuht, 163 ponnds.
Respiratory rate, 21, 30, a1
funetioal exercive testy, ¢
Hear wouids are distant wic

]"l-:n't-w‘npq —Peakiug of

P
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¥
{eage s o Muddesunen o




S, WHITE MALE. AGE 39

» years, working 10 to 1§ haurs
1, 7.9 million particles per

fluenza, 1918. Dry plearisy.
than average number of chest

ibing stairs. Slght morping
of white frothy putum.
man. Height 70 inehes, and
2 rate, 80, 100 and 80: respir-
wediately after, and 2 minutes
Il developed with <ome daring
~. Numerous cruekling riles
mtum (~ingle speeimen: was
Urinary silica, 3.2 mg per

ields interpreted as shuwing a
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FIGURE 48. ~MODERATELY ADVANCED ASBESTCSIS. WHITE MALE AGE 2

- S Tt et £
Oceupational history—Broadeloth loom roum rasbestos , 14 vears: nond
trades, 7 vears. ) o . )
Estimated dust erposure~(a) Weighted average, 49.7 million particle~ per
p il R 39.7
eubic foot. the Million particle vears, 439.7. ) . o
Past medicol— Rilateral pucumonia a~ a child.  Sinus dizease for the past 2
vears. Typhoid fever, 1911, - ) . ) ‘ L
’ Compiaifd\‘.*-f)r\'. hacking, morning cough ;)w]ducnw of 2 ounees of wiits,
ize {2 vears, S 3 ath, 20 years.
vizeid sputum, past 2 years. Shortuess of breath, 20% vears. s =
Physz":tal exannation.—Fairly well-developed, slender. white ma:}i _.}’fe:sz‘...:.'.‘.
inches; weight. 163 pounds.  Blood pressure. 101 70 Pulre rate."h...: oan iy >
Respiratory rate, 21, 30, aud 30 (before, immediately after, audx_. num}te; alter
functional exercise test). Chest is long, slender tvpe. I:xp.auaton. 1 s et
Heart sounds are distant with a pulmonie second sound somewhat accen.mau:\: '
Flunroseop,—Peakiug of the diaphragm both sides. 3 cm exeursion up -
forcerd respiration. ) _ ! N
X—ray.—‘-f\‘ute the deformity of diaphragm. This eaze is the only one 520? c_:
definite deformity in the group. The lung fields were x_:irerprnte(.i‘ as shom.ng
second-degree ditfuse grainy or ground-glass appearance with emphysema.
Diagnosis.— Moderately advanced asbestosis (asbestosis 31,
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FIGURE 49 —ADVANCED ASBESTOSIS. WHITE MALE. AGE 8.

Occn g omal hotury,—Nuie spinner asbestoso 170, vears 1o years in same
roons w111 earding wmgchiues. 11 vears he worked 11 hours 2 gay. nondusty trades,
17 vears

Estomasd dust cxgnsure — a0 Weighted average, 10.6 pudbon particles per
eubue © s B ALl paet ele veurs, TO3UN,

Past o fvoai = Freauet t eleat eobds, Aerophagia for several years.,  Malaria
abiour 142a, Intlae a0 b0l w1432,

Cor oot G o0 os ddiration, prossibiv someestat upproved  since
QUITE ' e ma s s stoe Sovere paroavstns of eongle toneonongs cansing b
to vorn © ireqivntly wed prodaetive of stall atponnt of o7 acecos neiendd spatum,
Maderase dvspnoea ~sinee 1925, unchanged.  Lost 15 to 20 pounds in weight and
AasnChiats } Weghtiess before o gtting work in astest .

Phusical sxamnation—Sleuder fairly  weilsdeveloped g i tavariched white
male.  Hewght, 68 inches, weight, 181 pounds.  Kather long uarrow chest.
Chest espansion, 1': inches. Tactile and voice fremits apparentiy normal.
Slight sroedred resoranes lower half of each lung.  Xumerous persistent dry
erackles wostly over lower portivns of lung~,  Faint brearh sounds lawer one-
half rigd t and left: 1— curving of finger nails. Blood pre--ure. 133 %0 Pui-e
and rees rLeey pate, restectively, T20 100, and 6y and 28 320 and 2% dedure
immediately after, and 2 minutes after the funetioual exercise test. Moderate
desprioea following this exerci~e.  Urinary silica (single specipen’, 2 mg per 100
ec.  Sputum negative for acidfast bacilli and asbestosis buodies,

Fluorascopy—2~ lag of diaphragmatic excursion right ard left.  Rather poor
radiolucency lower lung fields.

X-ra . —-Xhus second-degree grainy appearanee with almost complete obliter-
ation of hnear marking<. Generalized fibrosis 2.

Diagnosis.— Well-established asbestosis.
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Occupatinnal kistory.—Preparation department 1ashestos, 14 vears: nondusty

trades, 27 years, ] ) .
Extemated dist expasare — a0 Weighted average, 38.9 niillion particles per

cubic foot. 6 Miilion parnicie years, 543
Past wesdical —Maxillary ~jtsises draned tn 19300 Typhoid fever as a ehild,
Complaints.—Dryv c¢ygh. 10 vear~, productive of 2 vuances of white, thick

sputum over a perind of 24 hours.  Rather severe dyvspnoed, 3 vears. He must

‘:‘aik very sluwly to prevent dyspavea. Oceasional edema of ankies {or the past
Fears,
Phusienl examination~Helght, 64 inches. Weight, 132 pounds. Blood pres-

sure, 112 70, Moderate artetiosclerosis.  Pulse rate, 72, 80, and 63, Respiratory

rate, 48, 34 and 51 hefore. immediately after, and 2 minutes after funetional
exercise test . Patient stopped on completion of about one-half of prescribed
exercise, buy expressed a willingness to continue,  Chest expansion, 2 inches.

Breathing is lahored and shallow, Prolonged expiration. Fine crackles appear

over the lower half of both lnngs after coughing.  Heart is enlarged to the left

with the sortic second sound somewhat more prominent thau the pulmonic
second. First sound at the apex is =plit and is particularly snapping elsewhere;

2 eurving of the finger nails.

Fluoroseop ,.—Aurtic <Lalow is definitely widened. The cardiac shadow shows
L+ inerease in size. Diaptiragm on ordinary breathing moves a scant 1 cm;

Note that most of the dis-

FIGURE 50 —ADVANCED ASBESTOSIS. WHITE MALE, AGE 33,

3 em on forced excutrsion.
X-oray—3Shows difu~¢ wround-gia<s appearance.

tinetly linear markings have been vbliterated.
Diagnasis.—Advanced ashestosts,

13182-—38——uT
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FIGURE 51,~ASBESTOSIS WITH FIBROID TUBERCULOSIS. WHITE MALE AGE 38,

tecaprtional bostn - Mice sponner asbostos (11 ¥ears s monthes nondusty
trades, 12 vears,

Fxtvnerog daxl epposarc ~—a  Weighted avem . 7.8 milhon purtieles per cubie
faot. A Mllion partiels vears, Ss3,

Daxt modieal—~Received sanatorian treatment for e realosic 8 months in
130 Had pricunpaon a<a ehilde Appendectomy in 1916,

Compdints—= Py congt past 5 years worse at night. Sleht dyspnoea, 8 vears,

Phoseal ceamupontion.—Very thin mau. Weight, 131 pounds.  Blood pressure,
100 70 Palse rmute. 720 80, ared 65 Respiratory rate, 16, 16, and 20 thefore,
tunediately after, and 2 minutes after funetional exercise testy,  Asthenie type
of vhest, Some deforinity of ¢hoa due 1o seoliosis.  Chest expansion, 14, inches.
Hreatn soands are shantiy vercased oter the extreme right upper,  Very few
Ary rides right sunraeseapula fossa. Heart: The pubmonie second sound is much
[ISRTS T AL RNV EPICIEIRY S IRTRNENARITIN

Flueroveapg~1hapirmam moves treels and equally on buth sides. On foreed
respration. exetir=iog < 3 et on nght avdd $em on left,

Dragues o —Muderately advaticed gsbestoms with arrested fibrotie tubereuiosis
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INCIDENCE OF ASBENTOSIS

Preceding sectians of this bulletin huve stressed the importance of
the X-ray findine< in establishing a diagnosis of asbestosis. The
.~ ttat Xeray examination is the most direct means
now availab. 7 or o tecting the primary effect of inhaled asbestos dust
on the body : nunuely. initiation of interstitial fibrosiz of lung tissue,
Classification of asbestosis into a series of stages which follow one
another in their development is a ditficult matter because it depends
to a wreat degree vn the interpretation of relatively minor chunges in
the lung-field murkings. Other investigators have encountered the
same diffieulty.  Lanza. MeConnell, and Felinel <17+ and Fulton,
Doaley, Matthews. amd Houtz (13) set up a categorv of doubiful
Staze 1 in the accompanying tabulation more or
It comprizes
Stuye 2

+
Tedmvdll, 4] 10 [T

cazes of ashestasis,
less corresponds to their eategory of doubtful cusds.
cases in which disgnosis rests largely on X-ruy evidence.
represents early cazes of ashestosis, and stage 3 desighates moderately
advanced cases. More advanced cases stage 4. are relutively
infrequent.  Stage 3 wa= reserved for bed-ridden cases,

TABLE 41— Relat on of ashestosts to Lung=fie ld markings

Stages of asfwslysd

- Astestosis
aay hoieos
Xoray foime heent Total
L 2 3 4
Tewab. ... . Ered h 345
Frrstutesres hinear M e et e eieaien el T
Serrtid-feren Lo n3 Y
Firstalooree woulidl e e e [} 14
Secrnd-legree gre ond ase L0 Ll + 7 0

Tuble 41 illustrates the relationship of stages of asbestosis to the
Xeray findings.  Althongh diagnoses of early stages of asbestosis were
occasionally made ire the ahsence of definite ground-glass Jung-field
markings when cough, d¥spnoea. and objective findings were present
in sufficiently advanced degree, diagnoses of the later stages of ashes~
tosis were not made unless unnustakable ground-glass markings were
present in the lung fields.

The incidenve of ashestosis inereases rapidly with inereasing dust
exposure. A fifth of the workers with an exposure of 30 to 49 million
particle vears. and half of the workers having an expos<ure of more
than 100 million particle véars had asbestosis!  In edmparison with
anthraeo-silicosis these are exceedingly low dust-expmgr'c values

(39)
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The relation of asbhestosis to dust concentration and length of em-
ployment, in table 43. is of great practical importance because it
shows what working conditions are most likely to cause asbestosis
and how long a period of exposure may elapse before the disease
becones evident.

TaBLE 42.—Relatan of asbestosis to fotal dust erpesire !

Miihien partice Years

Diagnosis Fraal
I”’T,ih““ e M6 Over I

Fooemr iy mormal ool i 191 8 13 52 ir
: b 2 [ 12 23

0 1 1 2 25

0 0 " 1t 7

0 %) 0 i by

b T 0 NP Lt “ ¥ 105 !

Pem b ome 00T ontre L aaed et b ealatiated ald 2 Persolis ® 1k active 1L snary b Wicels base
[ SN TS { S AN A

TABLE 43.~— (hecurre ner af ashestuste o relttion to dost concen? -ation and length of
oo peler dmee il

PEHCFNTAGE WITH A<RE~TorIs

Years 1 oa-testas pndusrd

Prost enpusure L Ulon paEt s per entbog fuot ———— e

URITE R Tty Over 19
‘\r'..u.-d.. e o - 2 i 1}
Quod 4. e e T Fapesed .. ~4 i 3
[ K0 SRR JHELY . . s i s
| A (ted ft €
SO Y Aiiieaaan - JU e . ~ty g
{Prrevntarel . Lo.... [ %
| AtTeoted » n A
[ 2 T O I apeera, 134 i W
T Percentag e ST EXN

The pereentage of persons with asbestosis inereases greatly with in-
cres-ine length of employment.  Lanzu. MeConnells nd Felimel (179
repeorted o ~imilar trend. ther percentage s L es are Lizher thun these.
There are two explanations tor the small number of persens employed
15 veurs or more,  This group of ashestos textile raetoiies has been
in operation from 6 to 16 vears. and hecause of the reiauvely short
life of the industry in this section of the country camparatively fow
per<ons have heen exposed to asbestos dust for a lonz tiwe.  Anothér
explanation is suggested by the fact that almost three-fourths of the
worgers emploved more than 15 vears have the eariy staves. at least,
of « disabling disease, asbestosis. Since there is no satisfactory way
of lacating and examining person< who drop out of an industry be-
cause of disability incurred therein, the percentage values of the
foregoing tables are necessarily minimal estimates of the prevalence of
asbestosis.
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The incidence of asbestosis increases with increasing dust concen-
tration. In their report of a similar study carried on in Peun<ylvania
asbestos textile fuctories, Fulton. Dooley. Matthews, and Houtz (13)
found that 8 percent of the workers exposed to an average dust con-
centration of 5 million particles per cithie foor had as<hietasisg 22 per-
cont of the 17-mild mn-’ Crride Lty a8 3T er o o 0 ad-million-
particle zroup Lol asloteee

THRESHOLD t ONCESTRAVTION OF aspiwras sy

From a pmc-tic al ct:mdpoint one of the mo=t i rrant results of 8
medical and engipeering <ty such as this is the detinition of safe
working eonditions in the industry under study.  Ideally. a threshold
concentration of dust should be the highest dust concentration that
would not produce pneumoconiosis in originully bealthy workmen
during their entire working life,  The chief ditficulty in tlis study,
as in most of the earlier studies of the Public Health Service. is that
very few workmen are exposed for a lung period of time to low con-
centrations of asbestos dust. Because of the importance of the
problem, it seemz to be desirable to use such data as are at hand to
define tentative safe working conditions that may serve az standards
for the guidance of fuctory managers and engineers until more complete
data are available,

In an analysis of this kind the cases that occur at relatively low dust
exposures are of especial sivnificance beeause they indieate what the
safe limits of exposure may be.  These eases must be exanined imli-
vidually, a» well as statistically, in order to be sure that there are no
uhusual features that weuld complicate statistieal analy<i~.  Below
2.5 million partieles per cubic foot, the interpretation of table 43
offers no diflicultivs,  Nome of the 39 persons exposed to dust cone
centrations below 2.3 million particles per cubic {vot had a casze of

ashestosis, although, as a matter of fact. only 6 persons had been
emploved more than 5 years, Three doubtfu] cases of ashestosis fell
in the range 2.5 to 4.9 million particles.

Because cledn-eut cases of uzbestosis were found only in dust con-
centrations exceeding 3 million particles per cubic foot, and because
they were not found at lower dust concentrations, 3 million particles
per cubic foot may be rezarded tentatively as the threshold value for
asbestos-dust exposure until better data are available.

In order to find out the levels to which asbestos-dust concentrations
have been reduced in practice, an engineering study 7} was made in
an asbestos textile factory in which dust control equipment has been
recently installed. This shows that means are already available for

redueing the dust exposure of a_majority of asbestos textile workers
to less than 5 million particles

P

per cubic foot. Ty
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The data of table 43 provide a simple means of comparing asbestosis
with other pneumoconioses. In a previously reported study of the
Public Health Service (51) it was found that workmen in anthracite
mines could be divided into three groups which differed with respeet
to the nature cf the dust to which they were exposed. The percent-
TABLE 44.— Percentages of woarkers exposed ta certain concentrations of asbestos dust

1 ashestos lextile sactories where dust control measuses are used to a Umited extent
and in factaries where effective dust control is practiced

Limited | Extensive .

. Dust eoncentration use of dusts - use of duste

million paiticles .
. . * . control eonrnl
wrcublc ot pyecures | ¢ neasures 1,
Over 10, 15 T
Stayy R 17
AR XY . 151 ! 32
Uueder 29,0 a . 44

} Dvars from table 43

# Dhata from (7}
ages of men having auy stage of anthraco-silicosis (1, 2, or 3} have heen
tahulated separately for each group in relation to average dust con-
centration und lenzth of employinent. In passing, it may be of in-
terest to eall attention to the difference between the preumoeoniosis-
producing power of the three kinds of dust enecountered in anthracite
mine<. If one compares groups of men with the same dust exposure
and the same length of employment, in general the percentage of nien
with anthraco-silico~iz increnses with the {ree silica content.

TABLE 43.—Frreentags of men having anthraco-sdicosis !}
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mitiers inerca~e~ with inereasive lenath of ctaplovment. There is o
much more definite increase in the incidence of anthraco-silicosis with
increasing dust concentration than there is in asbestosis, probably
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beeause men were exposed to a mueh greater range of dust conecen-
trations in anthracite mines than in asbestos textile factories.

In comparison with the three kinds of dust encountered in anthra-
cite mines, relatively low concentrations of asbestos dust and rela-
tively short lengths of employment in the asbestos textile industry
result in pnenmoesoniosis,

There was no free «ilica tquarts) in the dast encountered in the
asbestos textile factories.

According to table 13, 16.3 percent of 69 former ashestos workers
and 375 men and women emploved at the time of the svidy 1o three
asbestos textile factories luud asbestosiz,  Persons who were not
exposed to appreciable quuntities of ashbestos dust have ot heen
included.)  Eirht percent of the 378 workers emploved at the time of
study had ashestosiz,  This does not completely represent the inei-
dence of ashestosis because ahout 150 emplovees were discharsed from
these fuctories 13 months before the present study was nunle.  Many
of the discharved ashestos workers had asbestosis, as the reports of
Shull 31y, Donnelly (12 | and MePheeters +23 - show,  Althoch an
attempt was made to examine as many as possible of these discharged
cases, only 69 could be examined, 43 persons of whom laul ashestosis
aceording to the diagnostie standards employed in this study.  If one
assumes that the number of persons emploved in these factories was
the sauie before these 130 persons were discharged as it was when the
stinly was made, amd if one assumes that B2 percent of all the di--
charved cases had ashestosiz, then 50 cases of asbestosis escaped
observation. Adidinge the-e to the 73 that were found, dividing the
sum by 447, and mualtiplving by 100 gives an estimated pereentage of
27.5.  This is not an unvi<ual pereentage valiue,  In numerons ~tidies
of the dusty trades the percentage of workers with pnenmo oniosis
has been found to be between 20 and 23 percent.  Two <uch 2tudies
may be mentioned. Of 7,722 miners and men seeking emplovment
in lead und zine mines at Picher, Okla., who were examined in 1927-3% .
{49}, 21.3 percent had <iiteosiz. In a study of anthracite miners (511,
“The prevalence of anthraco-silicosis among the entire group of em-
ployees was found to be about 23 percent.”

Other investigators have reported the incidence of asbestosis in
asbestos textile factories. Lanza, McConnell, and Fehnel 171 re-
ported. “Of the total «f 126 X-ray examinations, 4 were dinsnosed as
second-degree asbestosis, 53 as first degree, 34 ws doubtful, woud 20 as
negative.” The per<ons he studied “were selected more or less at
random from amons those having more than 3 years of emplovment
in the industry.”  Smee Lanza did not examine all the emplovees in
the factories he studied, percentage values calculated from his data
are not directly comparable with rate of incidence for the present study.




